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FOREWORD
A mission of the Lithuanian Agency for Radioactive Waste Management (RATA) is to propose,
and later implement, a disposal solution for radioactive waste arising mainly from the operation
and decommissioning of Ignalina Nuclear Power Plant. RATA has already finalized the first
phase of the siting process, identification of candidate sites, and is presently directing a program
for detailed site investigation in order to propose the most suitable one to the Government.
In this context, RATA has requested the International Atomic Energy Agency (IAEA) to
conduct a peer review related to the safety of the proposed disposal concept. The objective of the
peer review is to provide on the basis of international safety standards and applicable national
standards an independent assessment of the safety of the considered sites and feasibility of the
proposed reference design as well as its adequacy under the local conditions. This peer review
should inform RATA whether its program is consistent with international safety standards and
with good practice from other national disposal programs. The review will be primarily based on
this Report which describes general and safety-relevant environmental conditions of investigated
sites and provides an overview of information concerning wastes to be disposed of. Safetyrelevant design aspects are given in the Project Report on Reference Design for a Near-Surface
Disposal Facility for Low-and Intermediate-Level Short-Lived Radioactive Waste in Lithuania.
The present Joint Site Characterization Report summarizes results of investigations
performed during 2003-2005 by a number of researchers and evaluated by RATA. The work was
performed by the Institute of Geology and Geography (GGI), the Lithuanian Energy Institute
(LEI), Vilnius University (VU), the Institute of Chemistry (Chi), UAB Grota, the Lithuanian
Geological Survey (LGT), Swedish consultants from Geodevelopment, SKB and SKI-ICP, and
generalized by RATA.
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1. BACKGROUND
Lithuania has accumulated large quantities of low- and intermediate-level radioactive waste from
operation of Ignalina NPP. Since the beginning of NPP operation in 1984 all radioactive wastes
are stored in storage facilities at INPP site. In the Strategy on Radioactive Waste Management
approved by the Government of the Republic of Lithuania in 2002 [1] it is envisaged to construct
new repositories for radioactive waste and to retrieve, characterize and condition the short-lived
radioactive waste accumulated at INPP storage facilities. The Strategy also emphasizes the
necessity of getting ready for the management of radioactive waste which will result from INPP
3
decommissioning. A capacity of about 100,000 m is needed for the disposal of both the
operational and decommissioning wastes.
In 2002 a consortium of Swedish companies consisting of SKB, SWECO International AB
and Westinghouse Atom AB, with SKB in charge prepared a reference design of a near-surface
repository suitable for disposal of short-lived low- and intermediate-level radioactive waste [2]. A
design of hill-type repository with reinforced concrete vaults constructed above the ground water
level was proposed after scrutinizing designs and operational experience of the existing
repositories worldwide. The Reference Design was discussed at a meeting held in Vilnius on 6
June 2002. Upon request of VATESI, experts from the Institute of Physics, Kaunas University of
Technology, Serco Assurance, IRSN, Studsvik and STUK reviewed the Reference Design and
presented their comments [3].
In order to implement provisions of the Strategy, the Radioactive Waste Management
Agency started to prospect for a site suitable for a near-surface repository. An area survey and
preliminary site characterization were performed in 2003. The objectives of these studies were to
analyze Lithuanian legal requirements, to summarize the international experience, to exclude
areas which are not acceptable in terms of multiple ecological, land-use and technical criteria, to
determine regions most suitable for a near-surface repository, and to select and preliminarily
characterize several candidate sites. The results of the performed studies were presented in the
Report Identification of candidate sites for a near-surface repository for radioactive waste [4]. A
draft Report was presented for evaluation at the international seminar organized jointly by IAEA,
SIP and RATA, and held in Vilnius on 3-4 March 2004. All key institutional stakeholders took
part in the discussions. The Report was updated taking into account the expressed comments and
recommendations.
The northeastern Lithuania and the environment of Ignalina NPP in particular were
recognized as the areas most suitable for a near-surface repository [4]. A short distance from the
NPP and relatively favorable social-economic conditions are positive features of this region. A
relatively positive public opinion, in contrast with the rest of the country, prevails in the region.
More detailed investigations of three potentially most suitable sites located at a fairly close
distance from Ignalina NPP, including preliminary field investigations, were performed. It was
concluded that a ridge in Galilaukė village has the most favorable conditions for the repository
and the hills to the northwest of Apvardai Lake are a second potential candidate [4]. Both sites are
located in Ignalina district.
According to the national legal requirements, the site for a radioactive waste repository has
to be selected in compliance with the provisions of the Environmental Impact Assessment (EIA).
The decision on suitability of the sites has to be taken after a comprehensive analysis of
economic, social, technical and safety-related aspects. In 2004 RATA contracted the Lithuanian
Energy Institute (LEI) and the Institute of Geology and Geography (GGI) to perform the
Environmental Impact Assessment for construction of a near-surface repository. The main goal of
the EIA was to assess the suitability of the two, Galilaukė and Apvardai, sites identified in the

previous studies [4]. The results of integrated investigations are presented in Reports [5] and [6].
It was concluded in the Environmental Impact Assessment Report that the NSR could be
constructed at any of the candidate sites [6]. Due to better hydrological, hydrogeological, and
geological conditions, as well as more favorable social economic environment Galilaukė site is
preferable. In both cases expected individual doses would be below the dose limits, and the
population of Lithuania and the neighboring countries would not be affected.
A public hearing was organized to discuss the draft EIA Report. The draft Report was
agreed by all responsible state and municipal institutions. Apvardai site was excluded from further
consideration amid strong objections on the part of the public and Ignalina Municipality. The
Council of Ignalina district stated that of the two construction sites proposed in the EIA Report,
the one at Galilaukė is preferable. However, the Council also indicated that construction of new
nuclear facilities, no matter how indispensable, would have a negative impact on the overall social
and economic environment throughout Ignalina district. It would also result in psychological
discomfort, deterioration of real estate values and investment potential; it would also negatively
affect recreation and tourism, the main businesses in the region, and will increase the need for
human and financial resources for social healthcare. Therefore, before beginning to implement
other activities related to the near-surface repository for radioactive waste, a compensation
package has to be prepared.
Due to groundless requirements of compensations on the part of the Municipality Council
of the preferred sites, comparable with repository construction costs, the Ministry of Economy
and the Lithuanian Nuclear Safety Consulting Committee recommended to start investigations of
alternative sites in other municipalities, first of all in the territory of Visaginas Municipality.
Three new alternative sites were identified (Drūkšiniai, Stabatiškė, Vilkaragis) there. Of these,
Stabatiškė, located on the Ignalina NPP territory is preferable [7]. However, the site needs to be
investigated in more detail.

2. CHARACTERIZATION OF RADIOACTIVE WASTES TO BE
DISPOSED OF
2.1. Waste acceptance
Pursuant to the VATESI regulations [8], short-lived low- and intermediate-level waste is defined
as containing beta- and/or gamma-emitting radionuclides with half-lives of less than 30 years,
137
including Cs, and/or long-lived alpha-emitting radionuclides with measured and/or calculated,
by using approved methods, activity concentrations less than 4000 Bq/g in individual waste
packages provided that overall average activity concentration of long-lived alpha-emitting
radionuclides is less than 400 Bq/g per waste package.
Waste acceptance criteria for a near-surface repository are described in VATESI
regulations [9]. 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
transporting and with the appropriate disposal part of the repository.
The ability of the waste form to resist solubility and leaching as well as the integrity of the
waste form and waste package shall be identified. The chemical composition of the waste shall be
determined to identify hazardous or toxic constituents. These constituents shall be minimized
and/or avoided. Wastes containing substances which are pyrophoric, and materials with ignition
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temperatures of less than 60°C as well as reactive chemicals or metals shall not be accepted for
disposal.
The complexing agents and cellulose in the waste package shall be estimated and
minimized as far as possible. 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 aluminum, shall be identified during the waste characterization process. Potential
corrosion of waste packages shall be assessed to show that the degradation of waste containers
and leaching of radionuclides will not lead to unacceptable doses.
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.
Wastes of slurry type shall be homogeneously dispersed so that radionuclides never occur
in such concentrations that the above-mentioned radiological properties are affected to an
unacceptable extent. During packaging and grouting of solid waste, components, etc., and the
active material shall be emplaced in the package in such a way that the activity becomes
distributed throughout the package as uniformly as possible. Voids in a waste package shall be
minimized to ensure that wastes are immobilized and do not affect other properties, such as
strength and permeability.
The mechanical strength of a waste package against external stresses such as pressure,
strain, bending and impact, shall exceed the minimum for handling, storage and disposal, and be
sufficient to preclude unacceptable releases of radionuclides during foreseeable incidents and
accidents. A waste form shall have a structure and homogeneity complying with this requirement.
The structure and volume of a waste form shall be such that it does not deteriorate to an extent
leading to unforeseen release.
A waste package shall be able to withstand an external fire and to 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. 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.
For each type of conditioned solid waste candidate for near-surface disposal, the waste
producer shall present a waste package specification. It shall be examined by RATA for
compliance with disposal concept and waste acceptance criteria. RATA has already established
preliminary activity limits for cemented waste packages to be disposed of in the near-surface
repository [10]. Isotopic composition of the waste shall be characterized before disposal.
Measurements or estimation shall quantify the activities of radionuclides. The specific activity of
individual radionuclides in the waste packages as well as the total activities of alpha, beta and
gamma nuclides shall be determined. The surface dose rate and surface contamination of waste
packages shall comply with the limits established in transport regulations.

2.2. Expected amounts and inventory of waste
Both operational and decommissioning wastes will be disposed of at the NSR. Data on expected
waste inventory, forms and amounts are extracted from Ignalina NPP documents and the Final
Decommissioning Plan for Ignalina NPP Units 1 & 2 [11]. The operational and decommissioning
waste streams which are assumed to come into consideration for disposal at the NSR consist of:
•
spent ion-exchange resins, perlite and sludge (sediments),
• combustible solid waste,
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•

non-combustible solid waste.
The summarized data on repository volume occupied by specific waste and radioactive
inventory are presented in Tables 2.1-2.3.
Table 2.1. Composition of non-combustible wastes to be disposed of in the NSR
Operational wastes

Decommissioning wastes
Volume
percentage,
%

Volume percentage, %

Metals
Construction materials
Thermal insulation
Cables & casings
Other

43.1
22.8
18.8
14.7
0.5

Tools
Plastic (PVC)
Concrete rubble
Super compactable waste
Untreated waste

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
Volume of containers to be disposed of, m3

Waste type

Conditioned spent resins, perlite and
sediments
Conditioned combustible waste (ashes)
Conditioned non-combustible waste

56,717
534
36,676
93,927

TOTAL

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

Nuclide
!4

Combustible

NonIon-exchange
Sediments Total activity
combustible resins, perlite
4.55 10+1°

9.90 10+12

7.20 10 +1 °

1.0 10 +13

1.08 10 +l °

2.10 10 +l2

1.50 10+09

2.2 10 +12

59

Ni

—
5.27 10+l°

63

Ni

1.28 10+13

2.23 10 +12

5.10 10+13

3.70 10 +I2

7.0 10 +I3

Sr

8.33 10 + u

2.14 10 + "

3.70 10 +l2

1.50 10+1°

4.8 10 +12

Nb

1.02 10 + "

1.84 10+1°

4.00 10 + "

2.90 10+09

5.2 10 + n

"Tc

5.52 10+1°

1.46 10+1°

2.50 10 + n

9.70 10+09

3.3 10 + n

.29,

-

1.24 10 +08

2.20 10+09

8.50 10+06

2.3 lO^ 9

Cs

1.39 10 +l4

3.61 10 +13

6.00 10+14

2.40 10 +13

8.0 10 +14

238

Pu

2.38 10+09

6.19 10 +08

1.00 10+1°

4.20 If/08

1.3 10 +1 °

239

Pu

6.06 10+08

3.20 10 +0?

2.70 10*09

1.10 10+08

3.4 10 + 0 9

240

Pu

1.41 10 +09

3.61 10 +08

6.00 10+1°

2.40 10+08

6.2 10 +1 °

241

Pu

2.27 10 + "

5.85 10 +1 °

9.90 10 +l2

3.80 10+1°

1.0 10 + 1 3

Am

3.35 10+09

8.68 lO^ 8

1.50 10+1°

5.80 10+08

2.0 10 +1 °

C

90
94

137

241

Spent ion-exchange resins, perlite and sediments
A new waste management facility is under commissioning on Ignalina NPP site, where
spent sediments and resin mixed with perlite and sediments will be immobilized with concrete in
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200-liter drums, and these will then be placed into reinforced concrete storage containers [12].
4800 m3 of operational waste and 1060 m3 of decommissioning waste will be cemented. The
5860 m3 of total unconditioned waste will result, after conditioning, in the final volume of
56,717 m3 to be disposed of in the NSR. Appendix A contains the specification of packages of
cemented spent ion-exchange resins and liquid waste concentrates. Possible options of disposal of
the containers with the drums and direct disposal of the drums into repository vaults shall be
considered during development of the repository's design.
Combustible solid waste
Waste size reduction, super-compaction, incineration, packaging, immobilization and
interim storage are envisaged. About 3640 m3 of operational waste and 9280 m3 of
decommissioning waste will be incinerated. The ashes will be collected into standard 200-liter
drums that will then be super-compacted and placed into concrete containers. The containers with
ashes to be disposed of at the NSR will have a volume of some 534 m3 [11].
Non-combustible solid waste
The operational non-combustible waste consists of metals, construction materials, thermal
insulation, cables, casings, etc. The decommissioning non-combustible waste will consist of tools,
plastic, and concrete rubble. The wastes shall be subjected to super-compaction, the resulting
discs will be placed in concrete containers after which mortar will be poured to immobilize the
discs, or the waste will be directly placed in concrete containers and immobilized with mortar.
The volumes of conditioned operational and decommissioning wastes to be disposed of in the
NSR are about 3880 m3 and about 32,800 m3 respectively [11].

3. THE REPOSITORY REFERENCE DESIGN
3.1. Conceptual design principles
A generic conceptual reference design to be applied in Lithuania was developed after scrutinizing
the design and operational experience of the existing near-surface repositories worldwide [2].
Two options were considered. In the first option disposal vaults are to be located above the
ground water table, in the second option they are to be located below it. In both options barriers of
low permeability are to be used to prevent water from entering into the repository. The first option
was eventually chosen for the reference design.
The basic principles of the proposed design are as follows:
• A repository of hill type with reinforced concrete vaults constructed above the
ground water level;
• Engineered and natural barriers should restrict the access of water to the
radioactive waste and block or delay the release of radionuclides from the repository;
• The bottom layer beneath a reinforced concrete construction of cell type should
consist of nearly impermeable smectitic clay of very low compressibility or a mixture of
properly graded silty sand, gravel and smectitic clay;
• During the closure of the repository the sides and top of the reinforced concrete
vaults are also to be covered with the smectitic clay barrier, the whole system being
covered by a long-lasting cover with an erosion-resistant top.
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This reference design is applicable to the needs in Lithuania, considering its geological,
climatic, hydrogeological and other environmental conditions. After filling with waste packages,
the concrete vaults will be covered with concrete roofs (Fig. 3.1). The vaults and the clay liners
will be adequately protected from harmful atmospheric impact (e.g., with plastic sheets) until the
final closure of the repository.
Gas release from the closed repository will be through gas-permeable joints in the
concrete. A sand layer above the concrete roof of the cells should be applied before the clay-based
cover is placed since it ensures uniform distribution of gas and increases the probability of gas
penetration without endangering the cell integrity.
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[
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[
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V//////////////////////////////////////////A

Fig. 3.1. Structure of engineered barriers (cross-section of a NSR in the
post-closure phase [2])
The engineered barriers consist of concrete cells surrounded by clay-based material of low
permeability with about the same isolating capacity in all directions. Natural clay available in
Lithuania has low hydraulic conductivity and good self-sealing ability. It is a major candidate for
insulating the repository [13,14]. When the concrete vaults are filled, the repository cover will be
constructed. The surface of the mound will be planted with grass instead of the originally
proposed layer of boulders. It does not only protect against erosion, but also decreases the risk of
humidity penetrating into the repository, as it evaporates large amounts of water.
The proposed near-surface repository will also include a buffer storage, buildings housing
administration, a control room, and laboratory, premises for waste reception and for service
systems and installations.
All details of the reference design are described by SKB-SWECO InteraationalWestinghouse Atom Joint Venture NSR in the Final Project Report on Reference Design for a
Near-Surface Repository for Low- and Intermediate-Level Short-Lived Radioactive Waste in
Lithuania [2].

3.2. Assessment of the reference design
At the request of VATESI, experts from the Institute of Physics, Kaunas University of
Technology, Serco Assurance, IRSN, Studsvik and STUK reviewed the Reference Design. The
performed assessment did not reveal any major deficiencies at this stage of the study [3]. The
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major conclusion was that the studies should be less generic and should focus on a pre-selected
site.
The review team noted that the safety strategy of the proposed repository consists in
preventing rainwater from penetrating the disposal vaults. This strategy is roughly similar to the
design of Centre de l'Aube, however, with some noticeable differences. The vaults at Centre de
l'Aube are located in a permeable layer that ensures good drainage of water that could eventually
percolate the vaults. Differently from Centre de l'Aube, once filled with waste packages and
backfilled, the vaults are to be covered with a concrete cover and soil barrier but not protected by
a plastic sheet. Another significant difference of the proposed reference design is the absence of
water-collection system to drain the water that will eventually percolate the disposal vaults during
the phase of institutional control.
The most important comments concern the performance of engineered barriers. As a rule,
the isolating layer below the disposal cells should have somewhat higher permeability than those
of the liner and cover layers in order to avoid a bathtub effect. The team suggested reconsidering
the design basis for permeability of various clay layers around the disposal cells. Also, unclear is
justification of the use of clay rich in smectite. The risk associated with gas generation and release
into the atmosphere of certain nuclides should also be considered.
The experts of the review team indicated that more information was needed on the
mechanical strength of the disposal cells and on the shelter. The requirements for measuring
specific relevant radionuclides need to be more stringent. A detailed analysis of emergency
situations following a fall of a container, truck collision and treatment of fire risks should be
performed.
Most of the comments do not influence the site selection or the principle of the design and
could be taken into account at later stages (setting of waste acceptance procedures, inspection and
monitoring, record-keeping instructions, etc.) or they will be considered in the final design. The
authors of the reference design answered some of comments related to safety [15].

4. CHARACTERIZATION OF IGNALINA NPP REGION AND
SELECTION OF CANDIDATE SITES
4.1. Features of the region
The Ignalina NPP region consists of Visaginas, Zarasai and Ignalina districts (Fig.4.1). The choice
of the repository's area in the immediate vicinity of Ignalina NPP is restricted by its proximity to
the state border, Visaginas town, Lake Drūkšiai and protected areas. Due to the existing sociopsychological stereotypes, the most favorable environment for the search of sites suitable for the
repository is in the territory of Visaginas municipality or the territory within a 10-km radius of
Ignalina NPP. Features of Ignalina NPP region are given in Chapter 6 of the Report [4].
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Fig.4.1. Ignalina NPP region.

The region's social importance is characterized by very sharp contrasts in social
development of the population. The area of Ignalina NPP can be described as that of a deep, long
demographic crisis and the lowest income of the population in the country (if Visaginas and
Ignalina NPP are not to be taken into consideration), and at the same time as the area of the most
favorable natural demographic processes and the highest level of income in Visaginas and at the
NPP. It should be noted that the region is of great importance in terms of multicultural
development as a place where different cultures meet and interact.
The economic importance of the area is viewed ambiguously due to incompatible lines of
economic development that was formed during the Soviet times. On the one hand, the region has
energy potential of extremely great national (and transnational) importance. On the other hand,
the region is of negligible importance in the country's economy in terms of industry and
traditional bioproduction (with the exception of forestry): it provides only 0.5% of the country's
industrial production, 1-2% of agricultural production, and attracts only 1.4% of investments.
However, the region has immense potential of tourism and recreational resources. It has been for
quite a while one of the most important areas of Lithuania's recreation industry and used to enjoy
international fame that it is regaining again.
Climate in Lithuania is characteristic of the northern part of mid-latitudinal climate zone.
The Atlantic Ocean and the distance from the sea are the determining factors of air temperature
and its distribution. The influence of continental air masses is stronger in the Ignalina NPP region
than in other parts of Lithuania. The region stands out because of the highest contrasts of climatic
parameters. It manifests itself in the highest amplitude of annual average air temperature
variations, a very rapid change of seasons, the coldest and longest winters, and the warmest and
shortest summers.
In terms of precipitation Lithuania is in the zone of excess humidity. The annual
precipitation ranges from 590 to 700 mm, whereas the average annual evaporation from the land
in the Lake Drukgiai basin is about 518 mm. Features of Lake Drukslai, the main water body in
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Ignalina NPP region, and the hydrographic network of the lake basin are described in detail in
Appendix 3 of the Report [4]. Lake DrukSiai covering an area of 49 km2 is the largest lake in
Lithuania. Its water used for cooling the reactors of Ignalina NPP has a volume of about
369 million m3. Most of the region belongs to the Dysna River basin (Fig. 4.2).

Fig. 4.2. The main elements of hydrographic network within 30km zone of Ignalina NPP

The environment of Ignalina NPP was previously covered by detailed integrated
geological mapping. A wide complex of geophysical investigations, including seismic,
gravimetric, aeromagnetic and radiometric studies was carried out and a great number of wells
were drilled and hydrogeological testing was conducted. The geological cross-section in the
territory of Ignalina NPP comprises both rocks of crystalline basement and the sedimentary cover
[4]. The crystalline basement lies at a depth of about 720 m from the earth surface and is
composed of lower Proterozoic rocks. The sedimentary succession consists of pre-Quaternary and
Quaternary sediments.
The area of the Ignalina NPP is characterized by a complicated tectonic structure [4].
Several tectonic structures (blocks) of the lower order are distinguished on the surface of the
Precambrian crystalline basement. Down to a depth of 200 m palaeo-incisions defined in the subQuaternary surface are confined to the neotectonically active fault zones.
The territory of Lithuania is viewed as an aseismic area or an area of very low seismicity
(Fig. 4.3.).
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Fig. 4.3. Approximate range covered by the regional seismological catalog of Institute
of Seismology of Helsinki University and tectonic events recorded in the catalog in
1991-2002 [16]

The available data show, however, that weak or moderate earthquakes did take place in
Lithuania. In 1908-1909 a considerable increase in seismic activity was observed in all the Baltic
countries. The seismic activity in Lithuania is lower than that in Latvia or Estonia. A single major
seismic event is known to have occurred on Lithuania's territory southeast of Vilnius in 1909.
However, dozens of historical earthquakes took place near the Lithuanian borders, in the
territories of Latvia and Belarus. In accordance with the data of seismic-tectonic analysis,
earthquakes of magnitude Mmax = 4.5 generating in the epicenter vibrations of up to grade 7 (on
MSK-64 scale) on the earth surface are probable in Lithuania and the adjacent areas within zones
of potential earthquakes. The Lithuanian Geological Survey on the basis of the available data
assumes the design basis earthquake in the area of Ignalina NPP as grade 6 (on MSK-64 scale),
and the maximum design basis earthquake within Lithuania's boundaries as grade 7 on the same
scale. Given the tectonic conditions in the part of the area south of Ignalina NPP, the actual
earthquake levels should be lower.
The area of Ignalina NPP is in the recharge area of the Baltic artesian basin. Two aquifers
are present in the active hydrodynamical zone [4]. The Quaternary aquifer contains one
unconfined and six semi-confined intertill aquifers. Shallow groundwater occurs throughout
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Ignalina NPP area. The thickness of the unsaturated zone varies from several centimeters to thirty
meters. In low hills shallow groundwater occurs at a depth of 2-10 meters. The unsaturated zone
is lithologically composed of till and sandy till, sand, clay, peat and silt.

4.2. Identification of candidate sites
Three potential sites, Galilaukė, Apvardai and Visaginas (Fig. 4.4), were selected after the
integration of the results of negative screening, studies of geological data, considering safety
criteria and criteria not related to safety [4]. The following major safety-related requirements for
acceptable sites were applied:
1. The run-off of rain and melt-water must be sufficiently effective for at least 300 years
so that the flooding of the area cannot take place and the bottom of the repository remains above
the groundwater level. The topography is preferably a very large hill with smooth contours or a
ridge covering a horizontal area of at least 200x300 m2. The repository's soil must be stable, so
that slope stability is not endangered and there is no risk of deep erosion.
2. The repository will exert pressure on the ground which will be compressed and cause
settlement of the construction. The bearing capacity of the soil has to be sufficient to eliminate a
risk of failure due to settlement.
3. The repository's soil must not rupture or become unstable as a result of seismic events.
The safety-related factors and site ranking are given in Tables 4.1 and 4.2. All applied
criteria are presented in the Report [4] (Chapter 4 and Appendix 1).
Table 4.1. Assessment ofgeotechnical, hydrological and tectonic risks

Factor
Slope stability
Settlement
Flooding
Tectonic (seismic) activity

Effect
Cells badly damaged
Cells damaged
Intrusion of water into cells
Cells slightly damaged

Risk level
Highest risk
Moderate risk
Moderate risk
Least severe consequences

Table 4.2. Preliminary ranking of the sites

Site

Run-off
conditions

Slope
stability

Settlement

Seismic
impact

Overall ranking

Visaginas

Acceptable

No risk

Negligible

Negligible

Acceptable

Apvardai

Acceptable/good

No risk

Negligible

Negligible

Galilaukė

Very good

Negligible
risk

From acceptable to
good

Negligible

Negligible

Excellent
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Fig. 4.4. Preliminarily investigated candidate sites and communication routes [4]

After the comparison of available information it was preliminary concluded that the ridge
in Galilauke village has the most favorable conditions for the repository and hills northwest of
Lake Apvardai is the second-best potential candidate. Both sites are located in Ignalina district.
The last site, that at Visaginas, was later rejected because it is already occupied by other waste
management facilities.

5. CHARACTERISTICS OF GALILAUKE SITE
It was preliminary concluded that Galilauke in Ignalina district is candidate No. 1 to host the
repository [4]. The potential site is located on a large ridge with a sloping earth surface and
excellent water run-off conditions for rain- and melt-water. Galilauke site comprises an elongated,
10-15-m-high, flat-topped hill, underlain by a 50-odd-m-thick layer of sandy till. The high soil
density indicated by the general geotechnical survey suggests good slope stability, and the area
will probably remain stable for a long time. Tributaries to Lake Druksiai and the lake itself ensure
fast surface run-off and good dilution conditions.
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Galilauke site is situated 4 km southeast of Ignalina Nuclear Power Plant, 9 km east of
Visaginas, 11 km northeast of Rimse and 2.5 km northeast of Gaide village (Fig.5.1). The site is
0.6 km away from Lake DrukSiai, 0.7 km west of the DrukSa River and the national border with
Belarus.
i

1230000

Fig. 5.1. The location of Galilauke and Apvardai sites

The distances to the nearest larger settlements of the Republic of Belarus are as follows: 4
km to Drisviaty, 3-4 km to Grytuny and Gireyshi, 18 km to Vidzy, and 26 km to Braslav. The
distance to the nearest protected territories in Lithuania is 8-10 km, and some 20 km to the
Braslav National Park in Belarus. The distance to the nearest Lithuanian-Latvian border crossing
point is 11.5 km. There are no major settlements in the vicinity of the border on the Latvian side.
The social importance of the area is negligible due to small population density and its
demographic condition. The area is also of little importance in terms of economy, as it is used for
extensive agriculture of natural type. The recreational value of the area is very low owing to the
lack of conditions and resources, although favorable possibilities exist for recreational activities
on a local scale in the adjacent areas.
Preliminary characterization of Galilauke site was completed in 2003 and ^he results are
presented in Chapter 7.2 of the Report [4]. More recent integrated investigations are described in
Reports [5] and [6] and summarized in Appendices B, C, D and E to the present Report.
After consideration of possible environmental impact it was concluded [6] that the NSR
could be built at Galilauke. If the repository were constructed at Galilauke site, the neighboring
countries would not be affected [6]. Galilauke site is deemed to be preferable to Apvardai site.
Also, Galilauke, being not too far from and not too close to Ignalina NPP and a short
distance away from the existing railway, is a particularly favorable place for the repository.
Galilauke is remote enough from the NPP and leaves space for other activities related with
decommissioning or possible construction of new reactors. The proximity to the railway gives
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possibility to transport building materials. The railway could be considered as an alternative for
waste transportation on roads.

6. CHARACTERISTICS OF APVARDAI SITE
During preliminary studies [4] Apvardai was ranked as the second best site for the repository.
Apvardai site is situated in Ignalina district, 8 km southwest of Ignalina NPP, 6 km southeast of
Visaginas, 4.5 km east-northeast of Rimšė, 3.5 km southwest of Gaidė village, 1.3 km northwest
of Lake Apvardai, and some 3 km from the national border with Belarus that runs along Lake
Apvardai (Fig.5.1). The distance to the Lithuanian - Latvian border is 15.5 km. The distance to
the nearest settlements on the Belarusian side is 6 km to Grytuny and Gireyshi villages, and 17
km to the town of Vidzy.
The social importance of the area is also negligible due to small population and its
demographic condition. The area is also of very little importance in terms of economy, as it is
used for extensive agriculture of natural type. Expansion of forests would only be important in
terms of local resources. The recreational value of the area is very low owing to the lack of
conditions and resources. There are no natural resources in the area.
In the long term, the agricultural significance of the area can also grow, as large cultural
meadows and pastures offering favorable conditions for large-farm ecological cattle breeding
dominate there and in the adjacent areas.
Preliminary characterization and investigation of Apvardai site was completed in 2003 and
the results are presented in Chapter 7.2 of the Report [4]. Later complex investigations are
described in Reports [5] and [6], and in Appendices B, C, D and E to the present Report. Amid
strong objections on the part of the public and Ignalina Municipality, Apvardai site was excluded
from further consideration after a public hearing [6].

7. CHARACTERISTICS OF STABATISKĖ SITE
Due to ungrounded demands for compensations on the part of the Mayor of Ignalina Municipality
concerning the preferred Galilaukė site, a search for alternative sites in other municipalities, first
of all in the territory of Visaginas municipality, started in 2005. At first all the three new sites
located in close proximity of Ignalina NPP were identified (Drūkšinai, Stabatiškė, Vilkaragis),
Fig. 7.1. Of these Stabatiškė, located on the Ignalina NPP territory is preferable from the technical
viewpoint [17]. The site needs to be further investigated [18, 19]. The results of characterization
of Stabatiškė site are summarized in Appendix F.
Stabatiškė site has especially convenient infrastructure: roads, water-, heat- and electricitysupply systems are located next to the proposed site. Therefore it would be possible to optimize
the waste acceptance process and the layout of the auxiliary buildings. The railway could be used
to transport building materials as well as waste packages to the repository.
A highly complex hydrographic structure would require adaptation of the design of the
repository. Special attention should be paid to the drainage system [20] and to the engineered
barriers at the repository's bottom.
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Fig. 7.1. Location of candidate sites

8. THE REPOSITORY PERFORMANCE AND DOSE ESTIMATES
8.1. Performance of engineered barriers
The waste isolation capacity of the NSR is based on multi-barrier system. It depends strongly on
the performance of engineered barriers, of which the top cover, consisting of a double liner
system, is of particular importance. The local soil is the upper liner system, the Moulders above
serving as an erosion-resisting drainage layer while the clay is the lower liner with the sand and
silt layers on the upside and lower side serving as a combined drainage and protection against
particle transport from the clay (Appendix G).
Before percolation of top liner can start the clay layer must be fully water saturated and
the rate of saturation is hence of great importance. The Triassic clay is intended to be used. This
material has a smectite content of about 10% and the intended dry density of 1750 kg/m3 (2150
kg/m3 after saturation) [13,14]. Water percolation process would be controlled by diffusion.
Percolation does not start until after complete water saturation of the entire top cover and
upper slabs of the concrete vaults. Provided that effective compaction of the clay layer and also of
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all other soil components is made the NSR will offer excellent waste isolation conditions. By
increasing the clay layer thickness to 0.5 m the time for water saturation will exceed 300 years.
Even in a very conservative case practically no water will penetrate the bottom slab of the vaults
(Appendix G).

8.2. Operational external exposure
The potential impact of ionizing radiation on humans and the environment due to the disposal of
waste, as well as potential radionuclide migration were analyzed in the Environmental Impact
Report [6]. The impact of the repository will change with time. External irradiation caused by
waste containers, the vaults and buffer storage containing waste are irradiation sources during the
waste disposal phase. Radioactive aerosols could be formed during an emergency situation, e.g.
due to container damage. After waste disposal is completed, a multilayer cover will be
constructed over the vaults. It will prevent the possibility of external exposure.
The assessment of external exposure of the personnel and members of general public
during normal operation of the repository is presented in subchapter 4.3 of the Report [6]. The
doses were calculated with the use of MERCURE and SKYSHINE computer codes.
The following activities were taken into account in the assessment:
Transportation of waste packages from Ignalina NPP to the repository;
Inspection of vehicles in the repository;
Transportation of waste packages to the disposal zone of the repository;
Sealing of the covered vaults;
Covering the lateral walls of loaded and sealed vaults with clay barriers;
Final covering of vaults with a long-lasting cover;
Construction of new vaults in the repository during normal operation;
Maintenance of equipment.
Calculated occupational annual doses for normal operation of the repository are well
below the dose limits (the calculation is described in Appendix H). The maximum individual
doses reaching 4.5 mSv per year were estimated for drivers. As the annual effective dose should
not exceed 6 mSv, most of the activities will be performed by category B personnel. The
occupational exposure is minimized by the use of shielding, remote equipment control devices,
ventilation, rational distribution of waste packages of different activities, and covering the lateral
walls of filled vaults with a clay barrier and implementing other relevant radiation protection
measures.
It was assumed in the assessment of external exposure of general public members that the
exposure would be caused by vaults, a waste package suspended from a crane, the interim storage
building and another waste package on the way to the buffer storage. It was calculated that the
annual effective dose from external exposure would not exceed 0.16 mSv, which is lower than the
annual effective dose constraint of 0.2 mSv.

8.3. Irradiation via aquatic pathway
Considering long-term perspective, long-lived radionuclides can be released to the groundwater
after degradation of engineered barriers. The environmental impact will depend on the amount of
released activity, features of radionuclides and peculiarities of the site.
Releases of radionuclides into a water course were estimated. Two scenarios of engineered
barriers' evolution were analyzed taking into account site-specific geological and hydrogeological
conditions of the pre-selected sites. The normal evolution scenario describes expected evolution
of the disposal system including natural degradation of engineered barriers with time. Early
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degradation of engineered barriers due to unpredictable natural phenomena or human activities
after the institutional control period is considered in the engineered barriers' degradation
scenario.
Two biosphere models, typical for the investigated sites, were used for assessment of
public exposure:
- The well model, assuming that radionuclide releases to a water course are transported to
the well of drinking water installed next to the disposal system;
- The lake model, assuming that radionuclide releases to a water course are transported to
the nearest lake. Local inhabitants are using the lake water for common household purposes,
fishing, etc. The estimation of radionuclide migration and potential exposure was performed with
the DUST, GWSCREEN and AMBER computer codes (see Appendix J.I.). In case of the normal
evolution scenario, the annual effective dose preliminarily estimated for all radionuclides
4
3
transferred to the biosphere does not exceed 4.1 xlO" mSv for Galilaukė site and 9x10" mSv for
Apvardai site [6].
In case of the engineered barriers' degradation scenario, the annual effective dose
estimated for all radionuclides transferred to the biosphere does not exceed 0.037 mSv for
Galilaukė site and 0.18 mSv for Apvardai site [6]. The estimated annual effective doses are lower
than the dose constraint of 0.2 mSv for all the considered sites. Updated simulation of
radionuclide migration for Galilaukė site [18, 21] is presented in Appendix J.2.
The results of the modelling of radionuclide migration from the repository built at
Stabatiškė site via a water course and dose estimates are presented in the Report [18] and
Appendix J.3. to the present Report. The assessment will be updated after comprehensive site
characterization has been completed.
The aeration zone at Stabatiškė site composed of clayey sediments is underlain by a very
thick (25-30 m) aquifer that can only discharge into Lake Drūkšiai. Therefore in the scenario of
normal evolution extremely low activity of main radionuclides in ground water is forecast due to
intense dilution. Computations with the AMBER code show that activities of key radionuclides in
ground water at Stabatiškė site will be extremely low all the time, and the effective dose to a
resident will be lower by three orders of magnitude than the limiting dose of 0.2 mSv/yr if a
repository for short-lived low- and intermediate-level waste is constructed there.

8.4. Irradiation via airborne pathway
Packages of finally conditioned solid radioactive waste will be accepted for the disposal in the
planned repository. Dispersion of radionuclides in the atmosphere in forms of aerosols or gases
will be excluded during normal operation. However, releases of volatile nuclides 3 H and 14 C could
occur. The estimated annual dose will not exceed 5.7 10"3 mSv [6].

8.5. Possible incidents
The near-surface repository will be designed, constructed and operated in such a way that the risk
of occurrence of emergency situations with significant radiological impact to the environment
would be minimal. However, during the waste disposal period, emergency situations could result
from radioactive waste packages storage and handling activities. Emergency situations could
occur during transportation of radioactive waste to the repository and within the repository, during
temporary storage, transfer and handling of radioactive waste packages. When the waste disposal
is completed, the emergency situations resulting from waste handling will not be possible. During
the repository control period and later, emergency situations which affect containment of
radioactive waste could result due to the effects of natural phenomena or human activities.
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The following potentially possible emergency situations were analyzed in the Report [6]
and summarized in Appendix K to the present Report:
- The reception of waste packages not meeting the set criteria;
- Incidents during waste package handling operations (suspension of a lifted waste
package and a drop of a waste package);
- Incidents during waste package transportation to and within the repository;
- Fire in the controlled zone.
The most severe consequences are expected in case of a package dropping and seriously
damaged in the vault zone. Released aerosols and external radiation from a seriously damaged
package could result in exposure of the public. The estimated maximum individual effective dose
due to released aerosols and the external dose are below l*10"4 mSv and about 3x 10'3 mSv,
respectively. Packages of conditioned radioactive waste will be transported to the repository. The
danger of fire is negligible as the packages will be fire-resistant.
Probabilities of inadvertent exposure at the disposal facilities or exposure caused by
human intrusion are low. However, their occurrence cannot be ruled out. The dose constraint of
0.2 mSv per year for members of the public established in Lithuania for the optimization of
radiation protection is not applicable in the assessment of significance of human intrusion [22].

9. CONCLUSIONS
The design of modular multibarrier repository proposed for disposing Low- and Intermediatelevel wastes is robust and corresponds well to Lithuanian environmental conditions. A
combination of natural and engineered barriers gives sufficient safety level where some
deficiencies in natural barriers can be compensated by improved repository design and engineered
barriers. Safety in post closure phase will be assured without active systems and only limited
maintenance will be required.
A repository, if properly constructed in the vicinity of Ignalina NPP, will meet the existing
national and international safety standards and will not pose undue risk to public health or the
environment. However, when detail technical design of the repository has been prepared a
comprehensive Safety Analysis will be performed to verify the safety of the repository. During
the work the following aspects have to be taken into account: engineering viability, operational
safety, long term safety and specificity of the site. Future performance and safety assessments
have to be less generic and more site specific. More accurate assessments of individual and
collective doses should be performed, estimation uncertainties should be treated and possible
accidents should be analyzed.
The final decision on the repository site has to be done taking into account technical,
safety as well as social and political considerations.
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1. Introduction
The present description is applicable to packages of concentrate of liquid radioactive
waste whose contents in equal parts of volume consists of waste accumulated in storage tanks
TW18B01 and TW18B02 (spent ion-exchange resins, perlite, evaporation sediment [dissolved
and undissolved salts, mechanical admixtures]). The present description is not applicable to
wastes of other composition, i.e. waste packages with separately cemented wastes from the
abovementioned tanks, and wastes that will form after the decommissioning of the nuclear
facility.
Liquid radioactive wastes are aqueous solutions containing ion-exchange resins, perlite
and solid particles of dissolved salts. The MCC is the main source of radioactive waste. In
accordance with the project, spent pulps and resins together with water are to be pumped into
temporary storage facilities where they are to be stored below a layer of water.
The design has been produced at INPP of cement solidification facility that is currently
being implemented. After the facility is commissioned, spent resins and pulps will be placed in a
solid matrix. The waste will be taken to temporary storage and disposal facilities as solid
radioactive waste.
A package of radioactive waste is classified as class C intermediate-level solid waste, with
the dose rate on the surface exceeding 2 mSv/h, and is defined as:
• A 200-liter drum containing a solidified compound (cement matrix with
radioactive resins, perlite and salts inside),
• A solidified compound, liquid radioactive waste bound in a solid cement matrix.
2. Management procedure
Liquid radioactive wastes (spent pulps, resins and concentrated salt solutions) are removed
from storage tanks TW18B01 and TW18B02, and shifted to the cement solidification facility
where they are preliminarily processed in accordance with the selected compounding, and mixed
with cement and an additive for production of solidified compound. The resulting mass is placed
into 200-liter drums (Annex 1) which act as packages of cement compound. After a storage
container (Annex 2) is filled with 8 drums, it is taken in a transportation container to the
intermediate storage facility for storing. The space between the drums in the container remains
empty. The intermediate storage facility has been designed to store 6300 cement containers each
stowing eight 200-liter drums. The maximum number of drums stored is 50,400, which is
equivalent to some 25,000 tonnes of solidified waste. The containers are designed to be stored for
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a period of 60 years in the intermediate storage facility. The facility building has dimensions of
54.7 x 156.6 m. It is a reinforced concrete structure with the maximum height of 14.1 m. It
comprises three sections for storing containers as well as control and service rooms. Rails spaced
at 16.6 m are installed in every section for a traveling crane with a lifting capacity of 10 t. The
function of the crane is to load containers into stacks of 5 vertical rows. The facility will be filled
in accordance with an expressly developed scheme. To ensure normal functioning, auxiliary
systems have been installed in the building: ventilation, fire extinguishment, lightning protection,
grounding, and radiation monitoring.
The principal values of operational parameters of the equipment of ventilation system are
controlled during normal operation of the intermediate storage facility of cemented waste. The
function of ventilation system is to supply air from outside into the facility's compartments and to
maintain in them the necessary temperature and humidity (the air temperature of +5°C to 40° C
within the zone of container storage, in the rooms of ventilation center, in the re-loading
compartment), to maintain the required air temperature in wintertime so that it is higher than the
value of dew point, and to maintain stable temperatures in the long term while storing containers
with waste.
In accordance with the design requirements, transportation inside and outside the site of
the nuclear facility must comply with the Regulations for the Safe Transport of Radioactive
Material, TS-R-1. It means that the dose rate on the surface of a storage container must be under 2
mSv/h. To this end, a storage container is placed inside a transportation container that acts as
additional protection. The transportation vehicle is equipped with a protective transportation
container that is closed with a lid during transportation. The transportation container is designed
to meet the following requirements of TS-R-1:
• Ensuring adequate biological protection,
• Preventing water penetration during transportation,
• Ensuring the possibility of decontamination.
The possibility exists of inspecting storage containers throughout the service life of the
cement solidification facility. The waste package being inspected can at any time be loaded into a
transportation container installed on the truck. The package is transported to Building No. 150,
where its lid can be removed with the grip of the crane having a lifting capacity of 2 t. Visual
inspection of drums in the vehicle can be conducted by means of the video camera mounted on
the grip of the crane. If required, any drum can be unloaded thus ensuring the possibility of
inspecting any individual drum.
3. Quality criteria
Cement is used to bind radioactive substances. Cement combines well with the resin and
perlite being condensed, and is preferable to other substances. A solidified cement matrix of high
density is the final product. A package's mechanical stability is ensured by the cement matrix's
compression strength of at least 5 MPa [12] and by the container's design properties. The
container is designed to withstand [8] loads related to handling (89.6 kN), loading into stacks of
five vertical rows (448 kN), a design basis earthquake (DBE) of magnitude 6 (62^-162 kN) in
accordance with PNAE-G-5-006-87 [14], transportation for disposal (89.6 kN), and handling of a
container filled with concrete at the repository (128 kN). The chemical stability and resistance to
solution and leaching of the matrix of solidified waste were assessed during tests on samples of
actually existing waste [12]. The results indicate that such quality criterion as leach of
radionuclides fully complies with the international criterion for a solidified product [13]. As a
rule, pH indicators of cement matrices are high, therefore most radionuclides do not readily
dissolve, as hydrolysis groups form that ensure strong resistance to radionuclide leaching. Organic
matter occurs only in the spent ion-exchange matrix of AV-17-8 anionite and KU-2-8 cationite
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(these are copolymers of sterol and divinylbenzol). The packages do not corrode, they are not
chemically active, the matrix is chemically compatible with bentonite additives, and inflammable
or explosive gases do not form in them.
Homogeneous distribution of waste within a package will be ensured by uniform mixing
in the course of technological process and by the available plant. The porosity of the solidified
matrix will depend on the concrete. Gases or harmful toxic components do not emit during the
cementation process. The cement matrix is highly resistant to radiation, and ionizing radiation
does not affect concrete. The rate of dose from the package surface does not affect the structural
composition of the drum's metal. There is no free moisture inside the drum. This is confirmed by
the selected compounding based on the tests conducted [12]. A vibration device is to be used
when filling the drums ensuring that no voids remain. When the set maximum height of filling is
reached (750 mm, or 86.5% of the drum's height), the process of filling will end automatically.
The volume of waste in a drum is 0.173 m3.
A waste package will be resistant to temperature changes (freezing or heating), as the
selected compounding will ensure that all moisture will be bonded in the matrix. The main
criterion after solidification lasting 24 days is the absence of residual moisture on the samples'
surface that was seen during testing [12].
A radioactive waste package is nonflammable. The risk of fire at the disposal facility of
containers is expected to be very low. There is no fire hazard in the storage section of the
intermediate storage facility of containers.
The chemical composition of solidified radioactive waste is identified in terms of the
chemical composition of its components.
Cationite KU-2-8 is an insoluble, nonflammable, not explosive, not toxic ion-exchange
resin. It belongs to hard, virtually insoluble substances, sorbents in which ion exchange can take
place. Cationite is a copolymer of sterol and divinylbenzol, in whose aqueous solutions cation
exchange may take place. Its grains are from pale yellow to dark brown. There are no ozonecontaining particles in it.
Anion exchange may take place in aqueous solutions of anionite AV-17-8. Its spherical
grains 0.315-1.25 mm in size are from pale yellow to dark brown. The anionite is produced as a
result of chlormethylization of sterol copolymer with divinylbenzol, following which the
chlormethylized copolymer is aminated with trimethylamine.
Perlite is yellowish gray powder whose particles are approximately 80 um in size. It is
chemically stable in water having a temperature of up to 45° C, it is soluble in acids and alkalis.
Perlite is produced by grinding the particles of technical perlite that have the shape of a regular
sphere. The latter in its turn is produced through thermal processing of a mineral of volcanic
origin known as perlite.
Chemical composition of perlite (in %)
SiO 2

A12O3

Fe 2 O 3

CaO

MgO

Na 2 O

K2O

74

13.6

0.84

0.97

0.1

3.84

4.53

Chemical composition of salts in TW18B02 tank (in g/kg)

cr

Ca 2+

NO3"

SO42"

PO 4 J "

c2(V

SiO32"

co 3 2 -

Na+

NH4+

Fe

9.0

6.0

200

14.0

35.0

27.0

11.0

12.5

300

2.0

3.5

In accordance with Lithuanian standards, IAEA standards, and radiation safety
instructions of Ignalina NPP, the acceptability of finally processed radioactive waste is defined by
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the dose rate on the surface of a transportation container; therefore on the drum surface it must not
exceed 20 mSv/h. This value is the critical acceptance criterion for a tank. The values of dose
limits are given below:
• The maximum dose rate on the surface of the protective container of waste
transportation system (the vehicle's external surface): < 2 mSv/h.
•
The maximum dose rate 2 m away from the lateral surface of the protective
container of waste transportation system: < 0.1 mSv/h.
Each separately cemented drum will be checked for compliance with acceptance criteria.
Radiological quality control procedures are applied in order to confirm the actual dose rate
levels and activity level in every drum, and to ensure that the drums are manufactured in an
adequate manner.
The objective of control procedures is to confirm the limit dose of 20 mSv/h on a drum's
radial surface. The control is to consist of two stages:
Stage 1. Determining specific activities of main gamma-nuclides (54Mn, 60Co, 134Cs, 137Cs)
in a sample taken from a tank containing waste prepared for cementation and the dose rate of the
sample (the forecast value). The responsible personnel will analyze a sample of each prepared
mixture at INPP laboratory. Based on the results, the nuclides' concentration of specific activity
and the dose rate on the drum surface can be roughly estimated depending on the compounding
used. If the estimated dose rate on the drum's radial surface is below 20 mSv/h, all the drums
filled with the mixture of this composition can be expected to meet the set acceptance criteria. If
the limit of 20 mSv/h is exceeded, the prepared mixture is deemed to be unsuitable for final
cementation. The causes must be analyzed and the responsible personnel of INPP must take
remedial measures.
Stage 2. It comprises measuring the levels of the dose rate and gamma-spectrometric
analysis at the drum-measuring station (the measured values). This is the second mandatory
control procedure applied so as to finally confirm the quality of the waste in a filled drum. The
dose rate of gamma radiation is automatically measured by 6 detectors each having a limiting
value. If all the 6 measured values are below the limiting value, the maximum permissible value
of 20 mSv/h on the drum surface will not be exceeded. The limiting values used to confirm a
drum's compliance with acceptance criteria are as follows:
• Dose rate in drum bottom - 11 mSv/h
• Dose rate in lower part of drum wall - 5.6 mSv/h
• Dose rate in middle part of drum wall - 10.6 mSv/h
• Dose rate in upper part of drum wall - 9.5 mSv/h
• Dose rate in drum top - 11 mSv/h
• Dose rate 1 m away from drum -1.1 mSv/h
Uniformity of mixing is examined by turning a drum around its axis and checking it to see
if permissible dose rates are not locally exceeded. If they are, the tank is stated not to comply with
acceptance criteria, and remedial measures are to be taken (e.g. the tank is to be rotated within a
storage container).
Whilst comparing the forecast and measured dose rate and concentrations of gamma
activity, the tolerances given in [2] must be taken into account.
While manufacturing a drum in accordance with the effective quality plan, the
manufacturer shall control the materials supplied, production at every stage, welding joints, the
dimensions and discrepancies, surface working plan and leaktightness. The drums taken to the
Equipment Base shall be accepted by a storekeeper and an engineer in charge of supplies of
materials and equipment, with the help from representatives of the Chemical Shop in accordance
with Instructions regarding inspections of materials and equipment received by INPP, code
nTCb,a-1112-4B2, and The procedure of inspection of materials and equipment received in
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accordance with cementation facility project INPP/IPD-P18/37, code nTOrp-1132-57. A
statement shall be drawn up presenting the inspection results.
4. Formation and characteristics of radioactive waste
At present liquid radioactive waste is being stored in TW18B01 (spent ion exchange resins
and the pulp of perlite filter) and TW18B02 (evaporation sediments, dissolved and undissolved
salts, mechanical impurities, corrosion products) tanks. The volume of materials stored in the
tanks of the former type is 1300 m 3 at the waste density of 1.06 kg/1, and the waste weighs 1378 t.
The volume of materials stored in the tanks of the latter type is 1420 m 3 at the waste density of
1.49 kg/1 and 60 m 3 in the liquid phase at the waste density of 1.18 kg/1, and the waste weighs
2179.5 t. The overall volume of the waste being stored is thus 2780 m 3 . Wastes of this type will
be generated for another 11.5 years, and an additional 3220 m 3 will be generated. The wastes that
will have to be processed at the cement solidification facility will thus total 6000 m 3 . The design
annual volume of wastes processed at the facility is some 450 m 3 [3].
The main sources of liquid radioactive waste are:
• Products of nuclear decay getting into the reactor core coolant through the
cladding of fuel elements that is not leak-tight;
• Products of nuclear decay getting into the water of storage ponds through the
cladding of fuel elements that is not leak-tight;
• Radionuclides getting into solutions in the course of decontamination of NPP
equipment and operation of sanitary cleaning facilities and special laundry of the power
plant;
• Radionuclides of the activation products of the rods of the Main Circulation Circuit
(MCC) and Control and Protection System (CPS);
• Radionuclides getting into the evaporation residue that forms when purifying
different technological media of water;
• Oil products contaminated with radioactive substances. The amount of oil products
in the wastes intended for processing does not exceed 1 mg/1 [15];
• Spent substances for cleaning water of filters and certain systems.
The effects of the main radionuclides on specific activity of wastes in TW 18 B01 and
TW18 B02 tanks are given in Table 1 (the data were obtained on 29 May - June 4 2001).
Table 1
Concentration of activity of main radionuclides, Bq/kg
TWli SB02
TW18B01
maximum
minimal
maximum
minimal
54
6
6
8.51xl0 5
2.37x10"
Mn
4.44x10
5.92x10
u
8
7
5.55x10"
1.74x10"
" Co
1.26xlO
3.7xlO
1J4
6
1.41x10"
2.7x10"
2.66x10"
Cs
4.07x10
1J7
7
1.04x10'
6.29x10"
3.55x10'
Cs
4.44x10
2.10x10'
1.80x10*
Total*
* - the effects of radionuclides that are not indicated on TW18B01 tank: 51Cr, y5 Zr, y5 Nb, 5*Co,
59
"M
o approximately 20%;
Fe, 124 Sb, 99
Mo
* - the effects of radionuclides that are not iindicated on TW18B02 tank: 51Cr, 131 I, l36 Cs, 59 Fe,
58
Co, 95 Zr, 95 Nb, 99 Mo approximately 17%.
Radionuclide

In accordance with The Requirements for Managing Radioactive Waste at Nuclear Power
Plant Prior to Its Disposal (VD-RA-01-2001, p. 44, p. 54), Ignalina NPP must ensure that
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radionuclide composition is accurately defined and acceptability for disposal of the received
waste packages is controlled.
The data of nuclide vector will be used during operation of the cementation facility for
establishing the values of specific and summary activity of radionuclides in cemented waste,
including the ones that are hard to measure (alpha, beta). All the necessary radionuclides will be
indicated in the passport of each individual package. The data of assessment conducted by the
Institute of Physics show that the amount of radionuclides in a package meets acceptance for
disposal criteria [4].
5. Radioactive waste tank
A drum (industrial package IP-2) manufactured in accordance with [5] and [6] is used for
storing radioactive waste. A drum, as a container for low- and intermediate-level waste, not only
makes it possible to transport processed waste, it is also a certain way of disposal. It is made of
carbon steel (St 1203 DIN 1623/1-83; DC 01 AMO LST EN 1013), and is painted both on the
inside and outside. The type of paint is Epomarine BTD (WILKOPOX BTD), the color is RAL
1004 (yellow). The external surface is covered with two coats (2x40 urn) of EPOSIST 2000
primer. The main coat is lx80-um or 2x40-um thick. The paint protects against corrosion
throughout the storage period. The drum is closed with a lid that is attached to the drum body by
means of a clamping ring with a M16-screw bolt (40 N-m torque). The ring is made of steel to
German Standard DIN 1,4301. The leaktightness of the lid is ensured by a compressible gasket of
EPDM vacuum rubber glued to it. The dimensions of the drum: height 882 mm, external diameter
555 mm, wall thickness 1.5 mm. An empty drum with a lid and ring weighs 33 kg; the weight of a
filled drum ranges from 300 to 350 kg
A drum with a lid and gasket acts as:
• A container for waste prior to its hardening;
• A package for handling inside the cementation facility (Building 150) prior to placing
the drum in a storage container;
• A barrier preventing radioactive aerosols from spreading when handling the drum at
the cementation facility, transporting and storing at the temporary facility.
The drums filled with cemented waste are transported and stored in reinforced concrete
containers, 8 pcs. in each. The container body manufactured of reinforced concrete in accordance
with [7] and [8] has a loose lid that closes the container after the drums have been placed in it.
The containers have metal fittings necessary for handling operations clad with 60 um zinc. The
external dimensions of a container: 3000 mm*, 1500 mm* 1288 mm, the wall thickness is 120
mm. An empty container with a lid weighs 5.950 t; its internal and external volume is 3.2 and
3
5.49 m , respectively.
6. Processing/final processing
The aim of radioactive waste processing consists in solidifying it. Solidification of waste
makes it possible to safely store and manage it. One of the ways of solidification is mixing liquid
waste with cement with a view to ensuring long-term stability of the waste package.
The following binders and additives were used for solidifying waste:
• Cement CEM II/A-L 42,5N (MA) (LST EN 197-1) produced in Lithuania at
Akmenės cementas factory.
• Bentonite clay from Khakask deposit, Russia.
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Portland cement CEMU/A-L 42,5N
Chemical composition, weight, %
SiO 2

A12O3

Fe 2 O 3

CaO

SO3

MgO

20.40

5.51

4.05

64.59

0.94

3.71

Minerological composition, weight, %
3CaO*SiO 2

2CaO*SiO 2

3CaO*Al 2 O 3

4CaO*Al 2 O 3 *Fe 2 O 3

62.15

11.29

7.69

12.31

The quality of the supplied cement is controlled through a compliance declaration attached
to each shipment, and a report of testing.
Bentonite clay ofKhakask deposit
SiO 2

A12O3

Fe 2 O 3

69.15

15.26

2.05

Chemical composition, weight, %
FeO TiO 2 CaO MgO P 2 O 3

so 3

K2O

Na2O

0.11

0.18

1.47

1.17

0.46

0.51

0.66

2.22

Minerological composition, weight, %
Montmorilonite

Kaolinite

Mica

Quartz

Spar

70

7-8

4-5

<7

<6

The quality of the supplied bentonite is controlled through a quality certificate of the
manufacturer's factory.
The amount of cementation components (in terms of dry weight) is to be calculated
assuming the water-to-cement ratio in the range of 0.40-0.45 from the following equations:
(for waste mixture in TW18B01 and TW18B02 tanks)
13% ion-exchange resins + 6.5% perlite + 2% salts +
52% cement + 5.5% bentonite + 21% water

(1)

for waste in TW18B01 tank:
17% ion-exchange resins / perlite (dry) + 2% salts +
52% cement + 6% bentonite + 23% water

(2)

for waste in TW18B02 tank:
7.7% perlite (dry) + 9.8% salts + 54% cement +
6% bentonite + 22.5% water

(3)

The amounts of dry components per drum and tolerances of waste composition are
presented in Table 2.
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Table 2
Weight of
filled
drum, kg

Ion-exchange
resins,
kg

Filterperl ite,

21.5 ± 3

400

52

TW18B0
1

19
±3

400

TW18B0
2

17.5 ±3

400

Compounding

Waste
source

CT

TW18B0
1 and
TW18B0
2

SRT
SCT

Amount of
waste, %, d.
weight

Salts,
kg

Cement,
kg

Bentonite,
kg

Water,
kg

26

8

204

22

88

68

-

8

208

24

92

-

30.8

39.2

216

24

90

kg

7. Characteristics of solidified radioactive waste
The long-term stability of a radioactive waste matrix is characterized by the following
design properties of a cement compound with waste:
• A hardened product;
• The absence of residual water;
• Compression strength > 5 MPa (the mean compression strength of all samples
after 28 days = 16.1 MPa);
• Leaching < 10"3 g/(cm2/day);
• The absence of cracks and voids.
The specific features of the cementation process identified in compounding ensure that the
abovementioned properties will be attained. Also, the use of a vibrating table while filling a drum
prevents voids from forming.
The assessment was made with the use of existing liquid radioactive waste samples. A
solidified cement compound was used for the study. The quality of test samples was assessed in
terms of compression strength and the rate of leaching ofI3 Cs. The results of testing showed that:
• After the first 24 hours of solidification there was no residual water left on the
surface of all the samples being tested.
• The compression strength of all the test samples was not lower than 5 MPa.
137
37
Cs leaching rate in the course of the 112 days
ays it was kept in water was under
33
2
137
1*10~~ g/(cm *day). In this case the emitted activity of 137Cs did not exceed 3%.
8. Characteristics of a radioactive waste package
With a view to properly handling drums containing waste, they are marked with a distinct
code which permits to correctly identify them throughout the storage period. A drum's
identification number consists of six digits and begins with 000 001. The color is black, the font is
Arial, size 190 pts. Prior to placing a drum into a crate, additional labels are glued onto its lid with
a USS-39 bar code identical to the lid number. The label should be at least 70 x 40 mm, of black
color. The bar code is automatically scanned by a reader connected to the computer of the drummeasuring station. If the code is successfully read, the PC software will check the identity and
genuineness of the bar code, after which it will be reflected in the monitor screen. The operator at
the control panel will check with a video camera the bar code number for compliance with the
number of the drum's manufacturer written on the lid. If a malfunction occurs during reading, the
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operator has to read the number with the help of the video camera in compartment 231 and to
enter it into the computer. Later on, all the data related to waste quality control at the drummeasuring station will be automatically attached to the drum number. In accordance with
Regulations for the Safe Transport of Radioactive Material TS-R-1, the symbol Radioactive shall
be painted and the warning Contamination hazard written on the yellow drum in black paint.
A weighed drum is transferred to the sector of measuring with y-spectrometer. It takes not
more than 2-3 minutes to measure a drum with this device. The data of y measurement are entered
into the computer in compartment 324 of Building No. 150 as measurement reports. If 137Cs to
60
Co ratio is in the 0.25-2.5 range (the actual ratio in the waste is 0.7-0.78), the PC software
computes the activity of a and p nuclides that is not readily measurable. The inventory of nuclides
and coefficients for computing them are given in Table 4. The results of the computations
together with these of y-spectrum measurement are included in The Report of Drum Measurement
(Annex 3). The measurement report is displayed in the monitor screen in compartment 324 in the
form of a table with the following data:
• drum number;
• time of measurement;
• date of measurement;
• the weight of a filled drum;
• the results of measurement of y-radiation dose rate and the computation results of
y-nuclide activity and activity of hard-to-measure a and P nuclides.
The operator shall print out the reports of drums' y-spectrometry measurements and these
of computations of hard-to-measure nuclides of every drum, and attach them to the passport.
After container loading operations have been completed, the operator shall fill in The
Passport of a Package of Cemented Waste.
The present description does not apply to wastes of different composition, i.e. waste
packages with separately cemented waste of said tanks, and wastes that will form after INPP
decommissioning.
The computation coefficients of hard-to-measure a and P nuclide activity are presented in
Table 4 and are applicable if the measured activity ratio of 137Cs to 60Co ranges from 0.25 to 2.5.
These coefficients were identified for a mixture of radioactive waste concentrates of equal volume
parts stored in TW18B01 and TW18B02 tanks [4].
If a mixture's energy of y-spectra differs from that of previous drum measurements by
more than 5 keV, the operator shall suspend drums' y-spectrum measurements and take measures
to rectify the discrepancies.
The y-spectra measurements of a 200-1 drum can only be resumed after all the revealed
non-compliances and deficiencies have been put right.
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Table 4
Nuclide

14

Computation coefficients of
hard-to-measure a and p
nuclide activity in terms of
60
Co activity

Nuclide

Computation coefficients of
hard-to-measure a and p
nuclide activity in terms of
60
Co activity

C

7.0xl0- 2 -±3.5 xl(T 2

235

U

7.3xl0- 1 0 ±3.7xl0- 1 0

59

Ni

UOxlO^+SxlO- 4

238

U

8.87xl0- 9 ±4.4xl0- 1 0

63

Ni

0.16 ±3 xlO-2

Np

1.19xl0- 9 ±5.2xl0- 10

90

Sr

3.71xl(r3±7.3xl(r4

238pu

4.76xlO" 6 ±2.1 xlO"6

Nb

7.31xl0- 4 ±3xl0" 4

239

Pu

3.94x10-6 ±1.8 xlO-6

"Te

1.26xl0" 5 ±3.8xl0" 6

240

Pu

5.68xl0- 6 ±2.5xl0- 6

129

I

2.07xl0" 7 ±6.2xl0" 8

241

Pu

l^xio^xio- 5

Cs

0.78 ±2 x l O 1

'Am

1.25xl0-5±5.9xl0-6
-

94

137

234

U

3.04xl0" 8 ±1.5xl0" 8

237

24

-

The waste package must meet the following design requirements:
• long-term stability of matrix (cement-waste) in a drum;
• durability and integrity of a waste package throughout the storage period.
The following design decisions are to ensure safe transportation of packages to a
repository following their storage:
• strength and integrity of reinforced concrete storage containers;
• strength and integrity of metal elements intended for handling the containers;
• adequate protection properties of waste packages during their transportation (with
radioactive decay during storage taken into consideration);
• sufficient resistance to loads imposed during transportation and handling in a
repository. In accordance with [8] a container's legs are estimated to withstand the loads
forming while placing containers in a temporary storage facility in stacks of 5 vertical rows
after the empty space was backfilled inside the container, and the loads caused by a designbasis earthquake (in accordance with PNAE-G-5-006-87).
To make sure that there is no contamination, prior to a vehicle with a filled container
going through the gates of compartment 105 of Building No. 150, the dosimeter operator on duty
shall check the rate of y-radiation from the transportation container. The rate at a distance of 10
cm from the container must be under 2 mSv/h. The vehicle must not be allowed to leave if the rate
exceeds this value. Further actions must be decided upon in each individual case.
9. Results of tests and calculations
In accordance with an agreement based on the contract with the Institute of Physics, the
acceptability of summary activity of long-lived radionuclides [4] was checked. The results of the
computations indicate that the activity of the packages of cemented radioactive waste does not
exceed the values set by RATA, therefore they can be disposed of in a near-surface facility.
The design and various barriers of a waste package, their effect on long-term stability
ensure that the conditions set forth in Technical Specifications CW-01 and The Requirements for
Management of Radioactive Waste at NPP Prior to its Disposal, VD-RA-01-2001, will be met.
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Prior to disposal, requirements of [9] must be complied with. The gaps between the drums and
container walls can be filled with concrete.
10. Documents
[I] Technical Specification CW-01;
[2] Radiological Waste Quality Control Procedures for Cement Solidified Waste in the
Cement Solidification Facility, INPP, dated 28 October 2004;
[3] Elaboration of recipes based on the results of cementation tests performed by INPP for
solidification of liquid waste stored in tanks TW18B01 and TW18B02, dated 23 July 2004;
[4] Justification of computation methodology of nuclide vector and activity of the waste
being cemented, TAC-0545-71730;
[5] A detailed drawing of a drum, LIT005-NGEM3-11-11605-5, Rev.5;
[6] Detail Design Specification for Drum 200 1 with Clamping Ring, DS-11605, dated 19
April 2004;
[7] A detailed drawing of a storage container, LIT005-NGEM3-11-12469, Rev. G;
[8] Detail Design Specification for Storage Container DS-11681-3, dated 19 April 2004;
[9] Compliance declaration;
[10] System description No. 0600113087;
[II] The program of production and testing of test samples of cemented radioactive waste
in TW18B01 and TW18B02 (dated 16 January 2002, code PTO-1110-711);
[12] Regarding the production of test samples and the results of testing of liquid
radioactive waste in TW18B01 and TW18B02 tanks, TAC-1645-69908;
[13] ISO 6961-1982(E), Long-term leach testing of solidified radioactive waste forms;
[14] Stability of stacked drum containers under DBE seismic load, Summary of Data
FANP/NDA2/01/E0241, dated 20 August 2004;
[15] Collection of analysis methodology for water media, PTO-1528-16B4;
[16] Preliminary values of permissible activity levels of short-lived low- and intermediatelevel radioactive waste due to be disposed of in a near-surface repository, approved by order no.
15 of RATA director, dated 31 march 2003.
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Annex 1. Design scheme of a drum for solidified compound placement

Annex 2. Design scheme of a storage container

Annex 3. An example report of radiometric measurement of a drum

Ignalina-Barrel-Report
Barrel Number:
Measurement time:
Date and time of measurement:
Barrel weight:

001007
60.0 Sec.
10/27/03300 15:12:13
500.0 kg

Results of Dose measurements:
Doserale
sensor nr.

Doserate
Average [mSv/h]

1
2
3
4
5
6

3.22E-01
8.39E-02
4.98E-01
1.41E-01
2.11E-01
3.38E-01

Doserate
maximum [mSv/h]

Max. Angle

4.04E+00
3.84E+00
4.43E+00
3.48E+00
5.66E+00
5.64E+00

n
72°
102°
198°
66°
264°
42°

Background
value [mSv/h]
3.46E+00
2.52E+00
3.82E+00
7.77E+00
4.09E+00
1.16E+01

Results of Gamma measurements:

20031027151213.cnf
Adjust.dll
10/27/03300 15:12:13
60.0 Sec.
Livetime:

Filename (Count/Background):
Date and time of measurement:
Realtime:
Nuclide Library:
Efficiency:
Nuclide
name

Activity
[Bk]

NA-22
MN-54
CO-58
FE-59
CO-60
ZN-65
NB-94
NB-95
ZR-95
RU-103
RU-106
AG-108m
AG-110m
SB-124
SB-125
CS-134
CS-137
CE-141
EU-152
EU-154
RA226
U-235
U-238

O.OOE+00
0.00E+OO
O.OOE+00
0.00E+OO
4.75E+07
O.OOE+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
O.OOE+00
0.00E+00
0.00E+00
O.OOE+00
0.00E+00
O.OOE+00
5.22E+07
0.00E+00
8.63E+07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Ignalina.NLB

Pos 1: 1.95g/ccm
Error
[%]
0.0
0.0
0.0
0.0
2.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.8
0.0
1.9
0.0
0.0
0.0
0.0
0.0

Detection Limit
[Bk]
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.64E+05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
O.OOE+00
0.00E+00
0.00E+00
0.00E+00
8.62E+05
0.00E+00
1.36E+06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
O.OOE+00

AM-241
Warnings:
Measured by:
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Date:

55.55 Sec.

Annex 4. An example report of radiometric measurement of a drum, placed in a container

Ignalina-Barrel-Container-Report
Container Number:
Storage Bay:
X-Position:
Y-Position:
Level:

C 00100
CD
01
01
L1

Table of Contents

Container
Pos.
1
2
3
4
5
6
7
8

Barrel
nr.
000033
000034
000035
000050
000052
000051
000039
000054

Date/Time of
Measurement

2005.04.15
2005.04.15
2005.04.15
2005.04.15
2005.04.15
2005.04.15
2005.04.15
2005.04.15

13:30:00
12:30:00
12:30:00
07:53:49
08:06:20
07:55:58
09:05:20
09:07:26

Max. Doserate
1m [mSv/h]

Max. Doserate
SF [mSv/h]

3.0000E-02
3.0000E-02
3.0000E-02
6.6100E-02
4.7000E-02
5.6100E-02
5.1400E-02
9.5000E-02

1.0000E-01
1.0000E-01
1.0000E-01
2.0000E-01
2.0000E-01
2.0000E-01
2.0000E-01
2.0000E-01

Entered by:

Date:

Loaded by:

Date:

Approved by:

Date:

conf./
non conf

C
C
C
C
C
C
C
C

End of document-
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APPENDIX B. CHARACTERIZATION OF AQUATIC SYSTEM OF
GALILAUKĖ AND APVARDAI SITES

CHARACTERIZATION OF AQUATIC SYSTEM OF GALILAUKĖ AND
APVARDAI SITES
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.
General hydrographic situation and hydrological peculiarities
The sites under consideration are situated south of Lake Drūkšiai, within its basin. Therefore for
characterizing the hydrographic network and water resources of Galilaukė and Apvardai sites
hydrographic and hydrological characteristics of both, the two sites, and a larger area, that of the
southern part of Lake Drūkšiai are described in the present report.
Lake Drūkšiai belongs to the Daugava basin (Lake Drūkšiai —• the Prorva —> the Drūkša
(called the Drisviata in Belarus) —* the Dysna —*• the Daugava —* the Riga bay of the Baltic Sea).
The Richanka, Drūkša (Apyvardė), Smalva, Gulbine and Gulbinėlė rivers and another six
nameless streams flow into Lake Drūkšiai (Table B.I.), and the Prorva river flows out of it (Table
B.2.). Although natural annual water exchange in Lake Drūkšiai is only 29%, the large volume of
the lake's water is conducive to dilution of flows.
Table B. 1. Characteristics of Lake Drūkšiai
Lake number (in cadastre)
Area in ha
Average depth in m
Maximum depth in m
Volume of water in thou. m
Basin area in km2
Water exchange in %/year
Outflowing river
* without /with the Apyvardė basin

33-7
4480
76% (or 3700 ha) belongs to Lithuania and
24% (or 1200 ha) belongs to Belarus
8.21
33.3
367,650
470/620*
29
The Prorva

Table B.2. The tributaries of and the river outflowing from Lake Drūkšiai
Tributaries and outflowing river

Length in km

20.3
The Richanka
11.4*
The Apyvardė
The Smalva
11.9
8.0
The Gulbine
5.9
The Gulbinėlė**
—
Other minor tributaries
The Prorva (outflowing river)
*of which 4.4 km is the former river bed of the Drūkša
**the treated effluent of the town of Visaginas is let out into it

Catchment area in km2
213
147
88.3
33
6.3
76.4
613

Prior to 1953 two rivers, the Drūkša and Prorva, used to flow out of Lake Drūkšiai, and
the area of the lake was 466 km2. 3.5 km downstream from the end of the lake the Drūkša joined
the Apyvardė flowing out of Lake Apvardai. Downstream from the confluence the river was
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called the Drukša or Drisviata; 14 km downstream the Prorva flowed into it. The total length of
the Drūkša was 48.1 km.
In 1953 a dam was constructed at the confluence of the Drūkša and Apyvarde, and the
2
flow of the latter was directed to Lake Drūkšiai whose basin thus increased to 613 km . The
direction of flow of the former Drūkša river changed in the reach between the point of outflow
and its confluence with the Apyvardė. Since then the only river, the Prorva, has been flowing out
3
of the lake. At present the average flow of the Prorva is 3.2 m /s. The Prorva's length from the
point of outflow to the confluence with the Drūkša is 12.3 km. Downstream from the confluence
with the former Drūkša the river was also bifurcated by man. The Drūkša is the right-bank
tributary of the Dysna. The total hydrographic distance from the outflow point from Lake
Drūkšiai to the Dysna is 44.5 km. The Dysna's total length is 173.4 km, and its catchment area is
2
3
3
8179.5 km . Its average flow at Kazėnai is 10 m /s and as large as 30 m /s at Sharkovchizna.
Downstream from the confluence with the Drūkša (Drisviata), the Dysna flows for 113.6 km
before falling into the Daugava (near the town of Dysna), 425 km from the mouth of the Daugava.
3
The Daugava's total length is 1020 km, and the average flow at the Dysna's mouth is 288 m /s
3
and as large as 451 m /s near Daugavpils. In its mouth (Riga bay) the flow of the Daugava
reaches 700 m3/s.
The hydrographic distance from the point of outflow from Lake Drūkšiai to Riga bay in
the Baltic Sea is thus 583 km. Given the location of the sites under consideration with respect to
the point of outflow from Lake Drūkšiai, it can be maintained that the hydrographic distance from
Galilaukė and Apvardai sites to the Baltic Sea is 587 km and 601 km, respectively.
The hydrographic network of Lake Drūkšiai was changed considerably in the 20th
century. A channel was excavated between Lakes Drūkšiai and Stavokas ca. 1912, when a water
mill was being constructed. Part of the water flowing out of the lake started flowing through
Lakes Stavokas and Obolė along a new bed directly into the Drūkša, and the other part continued
flowing along the old stream. After The Friendship of Peoples Hydro-electric Power Station was
constructed downstream from Lake Stavokas in 1953, a sluice was installed. During the same year
the Drūkša (the Drisvėta or the Drisviata in cadastres) was dammed 50 m downstream from the
Apyvardė mouth by a 3-meter-high dyke (before the lake was dammed, the Drūkša used to flow
out from it). The whole flow of Lake Apyvardė was thus directed along Lake Drūkšiai and from it
along the new outflowing stream. The 300 kW hydro-electric power station was decommissioned
in 1982. The hydrographic network, however, was not re-naturalized. Drūkša dam is in Belarusian
territory. The state of repair and operation conditions of the dam are not known. If the dam is
demolished or naturally falls into disrepair, water from Lake Drūkšiai will again start flowing in
two directions, i.e. along the Prorva and Drūkša.
When the town of Visaginas was being built, its effluent was directed in pipes to a
treatment plant near Lake Skripkai. Thence it flows to the Gulbinėlė stream, a tributary of Lake
Drūkšiai.
Natural marshes of different size still remain in the area. The most important of these are
the marshes on the southwestern shore of Lake Drūkšiai and the northern shore of Lake Apvardai,
and the swamps near the banks of the Apyvardė (Drūkša). The largest marshes are those located
north of Lake Apvardai. The minor swamps related to the sites under consideration are described
below in appropriate subsections of the Appendix.
Description of land amelioration systems
Selective drainage amelioration of relatively small plots affected the area's hydrographic
network most. It changed both the length and density of watercourses, and the hydrographic type
of the basins, as some formerly isolated marshy depressions were connected with natural
waterways or lakes. Drainage amelioration was especially intense in the 1970s. Detailed data on
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the effects of land drainage on the area as a whole is not available. Its importance to the condition
of the sites under consideration is described below.
The main consequences of drainage amelioration and other hydrographic factors for the area
under consideration were as follows:
• The beds of small natural streams were channeled;
• Isolated marshy depressions were connected to waterways via ditches.
Owing to this as well as to the constructed underground drainage network, the
hydrological regime of natural watercourses in the drained areas could also change.
The condition of most of the amelioration systems is satisfactory or poor: numerous
channels are grown over, at places (e.g. between the villages of Švikščionys and Beržininkai)
water accumulates in depressions because the drainage system functions inadequately.
Peculiarities of the area's hydrological regime
Data of different gauging stations can be used for the hydrological description of the
southern part of Lake Drūkšiai basin. Generalized sources are also available [Bl].
The gauging station at the outflow from Lake Drūkšiai is situated at the Prorva channel.
Eight gauging stations are operational in the basin of Lake Drūkšiai in addition to the one on the
Gulbinėlė [B2]. The latter is not mentioned in the abovementioned source. According to the
scheme shown on p. 122 of the same source, there is not a single gauging station of the Lithuanian
Hydrometeorological Service. The former 8 departmental gauging stations probably do not
operate any longer. There are three departmental stations of Ignalina NPP in Lithuania at present,
on the Gulbine, Gulbinėlė, and Facility 500 (in the town of Drisviaty in Belarus). According to
the data of the Belarusian Hydrometeorological Department, there is a single gauging station on
the Belarusian side of Lake Drūkšiai basin. It is situated on the Richanka river. The data of 10
stations that were set up in 1926-1976 and were functioning for a different time were used during
the construction and operation of Ignalina NPP for hydrological studies [Bl]. Some departmental
stations were set up later on. The data of the stations of Lake Drūkšiai in Drisviaty (the Prorva;
Facility 500), that on the Gulbinėlė (near Vosyliškės) and Čepukėnai (Čepukai) station on the
Gaidė (Gaidzhianka) stream can be of the utmost importance for the area of Galilaukė and
Apvardai sites now under consideration. There are no reliable data about the stations' program of
activities and the regularity of gauging. Moreover, the bulk of the stations' data is inaccessible.
In accordance with the run-off maps compiled prior to 1969 [B3], the water yield of the
upper course of the Dysna is 7.5 1/s/km2 (Table B.3.), which exceeds the estimated short-term
water yield of Lake Drūkšiai basin by 30% [B4]. Loamy and clayey soils prevail at the sites under
consideration. In accordance with the land amelioration system, the ground water discharges to
the Apyvardė, Lake Drūkšiai and the Gulbinėlė (Galilaukė site), and to Lake Apvardai (Apvardai
site). The ground water flow is 2-3 1/s/km2 [B3].
Table B.3. Hydrological characteristics of the southern part of Lake Drūkšiai basin [B3J

Indicator
2

Average annual flow in 1/s/km
Minimal water yield of the cold season in 1/s/km2
Minimal water yield of the warm season in 1/s/km2
Water yield in wintertime in 1/s/km2
Water yield in summer and fall in 1/s/km2
Average height of spring flood runoff in mm
Average height of spring flood runoff of 1% probability in mm

Value
7.5
3.3
2.5
5.5
4.7
75
137

As the climate is relatively continental, spring floods account for 45-60% of surface runoff
in the area [Bl].
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As has already been mentioned, surface runoff in the area under consideration increases
due to the operation of a sewage treatment plant at Visaginas. The plant is designed for
comprehensive biological purification with additional treatment in sand filters. Its capacity is up
to 300 1/s. The purified sewage effluent is let out into Lake Drūkšiai via the Gulbinėlė stream.
Therefore the runoff of the Gulbinėlė (its average natural flow is approximately 37 1/s) may
increase several times. The flow of Gulbinėlė on 23 August 2002 was 103 1/s (the rate of runoff
2
2
16.3 1/s/km ) and 99 1/s on 5 July 2004 (the water yield 15.7 1/s/km ). On 23 August 2002 the
2
water yield of the Gulbine was 19 times less (0.85 1/s/km ) than that of the Gulbinėlė, although
the natural water yield of the two tributaries should be approximately the same (Table B.4.). The
hydrochemical studies of the Gulbinėlė water show that the sewage of Visaginas after treatment
has poorer hydrochemical parameters than those characteristic of surface watercourses in the
surrounding area. Concentrations of phosphorus are especially high in the treated effluent (Table
B.12.).
Table B.4. The runoff of Lake Drūkšiai tributaries

Watercourse
The Richanka
The Apyvardė
The Smalva
The Gulbine, D-3, D-4
Other minor tributaries

Water yield, 1/s/km2
5.0
5.8
5.8
5.8
4.5

Share of tributary's runoff in
the basin in %
40
24
17
8
11

Peculiarities of water levelfluctuations in Lake Drūkšiai
Water level fluctuation in Lake Drūkšiai is of particular importance to Galilaukė site.
The data of the station gauging water level in Lake Drūkšiai show that the lake's water
level radically changed ca. 1953 (when the hydroelectric power station was commissioned) and
ca. 1982 (when it was decommissioned). In 1952-1982 the water level in the lake was by some
0.3-0.5 m higher than before and after that period (Fig. B.I.).
The data of previous studies [Bl] show that the absolute amplitude of water level in Lake
Drūkšiai was as high as 150 cm (and the average monthly amplitude was 136 cm). This would
mean that the maximum water level in the lake corresponded to the height of 142.35 m above sea
level. The maximum level is mostly observed in April. When the hydroelectric power station was
in operation, water level fluctuations were cyclic in character. The average duration of the spring
flood is 82 days. Water rises at an average rate of 2.3 cm/day. As water rises much more intensely
than it falls, the phase of falling water lasts for 2/3 of the flood period.
It is believed that following the decommissioning of the Hydroelectric Power Station,
when they started regulating water level in Lake Drūkšiai primarily for the needs of Ignalina NPP,
the amplitude of water level fluctuations decreased several times (Fig. B.I.)-
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14 1

12
1.0

Fig. B.I. The amplitude of water level fluctuations in Lake
Drūkšiai in m. The elevation of 0.0 corresponds to 140.26 m a.s.l.

Hypothetically, the water level in Lake Drūkšiai may fall by 4-5 m at most, say, if the
Prorva levee suddenly collapses. Decrease in levels of surface water bodies and ground water is of
no importance to the proposed sites of the repository, as it would not endanger the facility's
stability.
The possibility of the sites' flooding
The possibility of floods inundating the area south of Lake Drūkšiai is analyzed in this
subsection. It should be noted that no data are available on past floods in this area. Only
inundation of marshes in the vicinity of rivers and lakes is a common phenomenon here. The
possibility of floods in the area under consideration has been identified whilst assessment was
made of the entire territory of Lithuania in terms of flooding [B5]. After criteria of floods were
identified it was stated that the probability of a flood was low. If inundations of the Dysna valley
in Ignalina District are not to be taken into account, the probability of floods in other parts of the
district should be considered to be very low. It should be noted that the quantitative assessment of
flood probability has been made only for the heaviest floods, those in the Lower Nemunas. The
area under consideration is not viewed as a territory where farming conditions are unfavorable
because of floods.
The bottom of the repository at Galilaukė site is at 150 m a.s.l. In accordance with the
probability of changes in water levels in Lake Drūkšiai and the Drūkša-Apyvardė, water cannot
reach this elevation (Table B.5.). Even if the dam of Facility 500 is closed completely, a reserve
of some 7 m will remain. If the dam of Facility 500 is closed, however, and the water reaches the
elevation of 144 m a.s.l. (a reserve of 6 m will remain), the water will flow out in two directions,
via the Prorva and Drūkša. Therefore surface water could not reach the bottom of the repository at
Galilaukė site even during the maximum probable floods.
The bottom of the repository at Apvardai site is at 154 m a.s.l. Prior to damming the
Drūkša, the normal top water level of Lake Apvardai was 142.9 m, and rose up to 143.5 m after
the damming. In 1975-1976 the lowest elevation of Lake Apvardai water level was 143.23 m, and
the highest one 143.76 m. The flood in Lake Drūkšiai that year was of 30% probability. In
accordance with the probability of floods in Lake Drūkšiai, water level in Lake Apvardai would
rise to 144.05 m a.s.l. during a flood of 1% probability. Due to unforeseen reasons (the Prorva
channel blocked by the earth dam remaining in the Apyvardė and Drūkša confluence, etc.) during
the maximum probable flood water level in Lake Apvardai can rise to 146-146.5 m a.s.l. Thus
even during the maximum probable floods surface water could only approach the Apvardai site
but would never reach the repository bottom.
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Table B. 5. The probabilities of maximum floods in Lake Drūkšiai and the Drukša and Apyvardė Rivers

Probability in %

Lake Drūkšiai

The Drukša-Apyvardė

99
95
90
80
70
60
50
40
30
20
10
5
1
<1

141.28
141.31
141.50
141.59
141.67
141.84
141.90
141.95
142.03
142.10
142.20
142.25
142.27
143.10

141.68
141.71
141.85
141.99
142.07
142.24
142.30
142.35
142.43
142.50
142.60
142.65
142.67
144.00

A danger of flood affecting the entire area or the region would arise if due to human
activities the water from Lake Drūkšiai stopped flowing out via the Prorva, and the levee of the
latter were of unlimited height. In this case:
• After the water level in the lake rises by 0.4-0.5 m (up to 142 m. a.s.l.), the new direction
of the Drūkša (Apyvardė) would correspond to the direction of flow prior to the damming in the
reach between the village of Mačionys (the former source) and the earth dam. The extent of
inundation of riversides and lakeshores would not be heavier than during spring floods. However,
the water would reach the northeastern foot of the slope of Galilaukė ridge (as the elevations of
the marsh surface differ but slightly from the current mean water level in Lake Drūkšiai).
Therefore additional engineering protection of the ridge's northeastern slope may be necessary.
Other edges of Galilaukė ridge, including depressions between hills, would not be inundated as
their surface is at elevations of at least 146.6 m a.s.l. The existing access road to Galilaukė is at an
elevation exceeding 146 m;
• If the water level in Lake Drūkšiai rises by another meter or so (up to 143 m a.s.l.) water
would start flowing out into Lake Apvardai, which would pose the danger of inundation of low
shores, including approaches to the repository site. The area around Galilaukė site (with the
exception of the northeastern edge) would not be inundated. The lowest parts of Apvardai site (the
restored areas) are at elevations somewhat exceeding 145 m.
Local inundations can occur owing to other reasons (obstacles in watercourses, heavy
precipitation or melting snow). The rise in groundwater level is to be estimated separately.
The maximum probable rise in Lake Drūkšiai depends on the elevation of the upstream
pool of the Prorva levee, which is at present being specified. In any case, it could not rise to more
than 144 m a.s.l. (which is the elevation of the earth dam's top). However, such a rise in Lake
Drūkšiai water level could result in intra-basin redistribution of surface water that in the area
under consideration comprises Lakes Apvardai, Žilmas, Rūžas, Alksnas and some others.
The global rise in the ocean level does not pose any threat to the area, as the sites are
situated at elevations of 140-180 m a.s.l. A rise in the ocean level of this scale is not expected in
the coming 300 years.
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Information on local conditions of surface runoff formation
As regards local conditions of surface runoff formation, it should be noted that the amount
of precipitation during the vegetation season on different slopes of morainic hills differs by only
some 3%. However, short-term differences in precipitation amounts can be as high as 8-12% and
even higher during individual showers [B6, B7, B8]. The thickness of snow cover in different
parts of the slopes of morainic hills differs 1.7-3.6 times [B6], since although the amount of water
in snow differs but little, the density of snow varies. Owing to the directions of wind prevailing in
the region in wintertime, thicker accumulations of snow form in the upper and middle parts of
northern and northeastern slopes of hills. Large accumulations of snow are characteristic of
convex hills, therefore the erosive potential of melting snow water increases there.
Frozen soil is another important factor in the formation of local runoff. Previous studies of
hilly morainic agricultural landscape show that during harsh winters the earth freezes down from
30 cm in peaty foots of slopes to 90 cm on eroded hilltops. On arable slopes and hilltops the depth
of soil freezing is by 10-50% larger than that in the plots of perennial herbs [B6].
The Lithuanian Amelioration Institute (later on renamed as the Lithuanian Institute of
Water Economy) had installed standards for studying flows of drainage systems and ditches, and
surface runoffs in a similar physical-geographical environment, in the vicinity of the area under
consideration (near Saldutiškis, north of Lake Žiezdrelis in Utena District). Data were published
of observations conducted in hilly morainic agricultural landscape in 1962-1995 [B9, BIO]. These
accurate long-term measurements in the formations of medium sandy loam with high hypsometric
levels can be used for assessing flows in drainage systems as well as runoffs from slopes and
along ditches. Drainage, ditch and surface runoff for several years was also gauged at Antaniškis
(Zarasai District) water rating stations.
The data obtained from Saldutiškis analog show that the maximum instantaneous drainage
runoff may be as high as 26.6 1/s/km2 and the average drainage runoff of the month most abundant
in water (April) is 0.17 1/s/km2 (and as high as 0.27 1/s/km2 in certain years). The largest drainage
runoff is observed in March through April. During the recent years, as the probability of warm
winters has been growing, the drainage runoff in wintertime has increased to 11.93 1/s/km
because of more often thaws (Table B.6.).
Table B.6. Average and maximum drainage runoff in hilly morainic agricultural landscape (based on
Saldutiškis analog), in Us/km2

Month

Jan

Feb

March

Apr

May

June

July

Aug

Sept

Oct

Nov

Dec

Av.
Max.

0.09
10.41

0.07
5.90

0.13
26.60

0.17
22.47

0.08
7.47

0.06
3.98

0.05
2.12

0.04
2.97

0.05
2.60

0.07
4.55

0.07
5.19

0.09
11.93

When the snow is melting, the maximum runoff of drainage ditches in the agricultural
landscape of hilly sandy till soils is as high as 80.44 1/s/km2 and the average runoff along drainage
ditches of the month most abundant in water (April) can reach 15.99 1/s/km2 (Table B.7.). The
average annual runoff of drainage ditches is 5.6 1/s/km2. However, during the dry summer season,
when water resources are mainly replenished by ground water, the runoff along drainage ditches
is as low as 1-3 1/s/km2.
Table B. 7. Average and maximum runoff along ditches in hilly morainic agricultural landscape (based
on Saldutiškis analog), in l/s'/km2

Month
Av.
Max.

Jan

Feb

5.46 5.29
19.90 27.86

March
13.13
80.44

May

June

July

Aug

Sept

Oct

Nov

15.99 5.72
58.11 35.67

1.65
7.51

2.37 1.22
10.59 4.30

1.22
3.93

3.10
9.57

4.58 7.36
13.29 30.88

Apr

Dec
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Surface (slope) runoff is mostly observed during the spring flood season or during winter
thaws. It lasts 8 to 49 days (19 days on the average). The maximum instantaneous surface runoff
2
(based on Saldutiškis analog) is up to 142.7 1/s/km , and the average monthly surface runoff is
2
0.89 1/s/km [BIO]. The average annual surface runoff of 90% probability (of 9 day duration) is
2
0.08 1/s/km (Table B.8.).
Table B.8. Probability of surface runoff in hilly morainic agricultural landscape (based on Saldutiškis
analog), in Us/km2

Probability in %

Average annual runoff
2
in 1/s/km

Maximum runoff in
2
1/s/km

Duration in days

10
50
90

3
0.21
0.08

125
16
3

24
17.5
9

Some simple water budgets
As has already been mentioned, the areas, in which the repository is to be constructed, are
of hilly morainic agricultural landscape type. On the other hand, the most important elements
proposed for constructing the facility are ridgy steep-sloped hills. Therefore the results of
comprehensive studies of elementary agricultural landscapes, lake-shore slopes, aimed at
identifying hydrological and hydrochemical regimen and conducted in eastern Lithuania in the
1980s, can be used for simple water budgets of the slopes of these hills. The published data [Bl 1,
B12] reflect average values of 5 hydrological years (Table B.9.). The studies were conducted in
typical portions of slopes 50-180 m in length.
Table B.9. Some simple slope water budgets for the hilly morainic agricultural landscape conditions of
eastern Lithuania

Indicator
Slope characteristics
Exposure
Soils
Slope steepness
Water budget in mm
Soil moisture in the 0-150 cm
layer at the beginning of winter
Precipitation (cold
season,+warm season)
Surface runoff
Seepage below 150 cm
Total evaporation losses
Soil moisture in the 0-150 cm
layer at the beginning of next
winter
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4(16) site near
Lake Vėlis

7 (18) site near
Lake Kemėšis

8 (20) site near
Lake Okoj as

Northern

Northeastern

5°

Northern
Medium loam over
light sandy loam
with interbed of
clay underlying
topsoil
6°

371.6

454.5

496.5

729.9
(188.3+541.6)

673.1
(152.5+520.6)

652.0
(140.7+511.3)

77.2

57.0

68.2

237.3
405.6

245.2
392.1

188.9
400.3

383.6

430.4

489.7

Sandy loam over
light loam

Clay
3°

The type and condition of hydraulic works
Different kinds of waterworks exist in the environs of the two sites. However, in terms of
hydrological regime of the area, only a small part of these are important, namely:
• The sluice in the town of Drūkšiai in Belarus on the Prorva channel (Facility 500) that
regulates water level in Lake Drūkšiai. The sluice is important both for the operation of INPP and
for the hydrological regime of the area, as it affects water level in Lake Drūkšiai and thus
(through ground water) the hydrogeological regime of part of the lake's basin;
• The blind earth dam on the Drisviata near the former confluence of the Apvarda. This
hydraulic installation changed the flow direction of the natural stream that used to flow out of
Lake Drūkšiai, and in interaction with the abovementioned sluice it changed the regime of water
level in Lake Drūkšiai. If the dam disintegrates the water level in the lake and the outflow from it
can naturally return to the former condition.
We don't possess any data on the condition of the blind earth dam on the Drisviata. It
should be noted, however, that the operation of Facility 500, differently from that of the dam on
the Drisviata, is governed by an agreement between Lithuania and Belarus.
Both installations are important in terms of probable or hypothetical inundation of the sites
proposed for the repository. Therefore the absolute elevations of their upstream pools are
important. Different elevations are found of the upstream pools (143.1 m a.s.l. of Facility 500),
therefore it is not known what maximum water level is to be expected in Lake Drūkšiai in
extreme situations (if the sluice fails to let water through or if one of the installations
disintegrates). The elevation of the dam on the Drisviata is believed to be at approximately 144 m
a.s.l., which is some 2.4 m and 1.1 m higher than the average long-term level of Lake Drūkšiai
and Lake Apvardai, respectively. The elevation of the dam's upstream pool is 143.1 m, the
normal top water level is 141.6 m, and the minimal and maximal water levels are 140.7 m and
142.3 m, respectively.
Other hydraulic works around the proposed sites of the repository are only significant on a
local level, therefore they will be briefly described in the subsection dealing with hydrographic
and hydrological situation of the sites.
Other existing water consumers
The main water consumers in the area of Galilaukė and Apvardai sites are:
• Ignalina NPP that uses water from Lake Drūkšiai for cooling the reactors;
• Public utilities and enterprises of the town of Visaginas that are using groundwater
from a water intake situated 2 km north of Apvardai site and 3.5 km west of Galilaukė site;
• Local residents mostly using ground water from shaft wells.
There are no irrigation fields, other important systems of surface or ground water supply,
or man-made fish-breeding ponds in the vicinity of the proposed sites.
General hydrogeological conditions
The general hydrogeological situation of the area in vertical section down to the uppermid-Devonian Šventoji-Upninkai aquifer is described according to the data of previous studies
[B13]. Preliminary data of the studies being carried out at present have also been used for the
description.
In the area south of Lake Drūkšiai the ground water occurring in cracks and sandy
interbeds of moraines' upper parts is relatively close to the ground surface and in terms of levels
is similar to surface water. This water does not form a continuous and discernible aquifer in
moraine formations. In accordance with the data of the studies being conducted, the rocks of the
moraines themselves are not fully saturated, therefore transfer of aeration zone moisture is
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characteristic of the continuous 15-20-meter-thick strata of moraines, whereas wells and
boreholes in the upper layer of the moraines yield very little water. This is characteristic of major
individual ridges at Vosyliškis and Vilkaragis (in the environs of Galilaukė site). Confined and
semiconfined aquifers are dozens of meters down from the ground surface and their safety can
hardly be doubted.
Clear groundwater aquifers with typical groundwater levels are discerned only above the
moraines or in sandy-gravelly formations lying in their upper part. In such cases water occurs 4-5
m from the ground surface.
At Apvardai site water occurs closer to the ground surface. Hydraulic conductivity of
aquifers and the separating aquitards is somewhat larger here, i.e. permeability coefficients are
higher, and flows of ground and underground water are larger. As a rule, ground water occurs at
depths of 1-2 m.
The conditions of groundwater flow throughout the area are fairly identical and depend on
seepage recharge (Table B.10.).
Table B. 10. Seepage recharge of ground water depending on properties of aeration zone [B14J

Properties of rocks of aeration zone
Lithological composition and genesis
1. Limnoglacial clay (lg III); peat (b IV)
2. Till and sandy loam (g III, gt III);
limnoglacial sandy loam (lg III); fine-grained
alluvial sand (a IV); marine (m IV), palustral
(b IV) and eolian (v IV) sand
3. Alluvial (a III, a IV), deltaic (a m IV),
marine (m IV), lacustrine (1IV), limnoglacial
(lg III) and glaciofluvial (fill) sand of
variable grain size (aeration zone is up to 5
m thick)
4. Ditto, aeration zone is up to 2 m thick
5. Sand of variable grain size and sandygravelly alluvial (a IV) and glaciofluvial (f
III) deposits (aeration zone is up to 5 m
thick)
6. Ditto, aeration zone is up to 2 m thick
7. Sandy-gravelly glaciofluvial (fill)
deposits and weathered pre-Quaternary rocks

Water
saturation,
%
<0.1

Parameters of seepage recharge
Seepage
Velocity, Coefficient,
yield,
mm/year
%
1/s/km2
-7-0
-220-0
-35-0

0.1-5.0

0-1

0-32

0-5

5-15

1-3

32-95

5-15

5-15

3-5

95-158

15-25

15-25

5-7

158-221

25-35

15-25

7-9

221-284

35-45

>25

>9

>284

>45

In accordance with the data of studies of groundwater seepage recharge as well as
estimates of hydrological budget, the velocity of seepage flow at Galilaukė site ranges from 14
mm/year to 62 mm/year. These values are higher for Apvardai site (from 36 to 120 mm/year,
respectively).
The hydrogeological situation of the two sites will be more widely discussed in
appropriate subsections. The hydrogeological parameters necessary for simulating the spread of
radionuclides are presented separately.
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GALILAUKĖ SITE
Galilaukė site is situated between Lake Drūkšiai and its tributaries, the Gulbinėlė and
Drūkša (Apyvardė). Surface water from the western and southern part of the site area flows along
drainage ditches to the Drūkša. Water from the eastern part of Galilaukė site along a drainage
ditch runs through marshland to Lake Drūkšiai, and from the northern part to the Gulbinėlė stream
(Fig. B.2.).
The principal surface elements of Galilaukė site determining the division and structure of
elementary basins of the site and described in Appendix D are:
• Vosyliškės ridge (about 2 km long from east to west);
• Galilaukė ridgy hill (1.2 km long from northwest to southeast);
• Švikščioniai ridge (some 1.8 km long from northeast to southwest along the Drūkša;
separated from the Drūkša by a 50-250-m-wide marsh).
In the relatively closed depression consisting of the abovementioned elements of terrain,
there are hills and waves having the shape of islets. On the western side the site is nearly closed
by a series of Varniškiai hills and waves.
Hydrographic situation and peculiarities of runoff
Drainage ditches, the Drūkša (the Apyvardė) and the Gulbinėlė stream, wetlands (marshy
areas between hummocks, waterlogged declensions, bogs) and underground drainage are the main
hydrographic elements of Galilaukė site. There are springs in the northwestern part of the site and
populated farmsteads with shaft wells within and around the site. The main ridgy hill of Galilaukė
is the principal divide of the area in whose southeastern part the Drūkša, channel K.-12 between
hummocks, the tributary to the southern bay of Lake Drūkšiai, K-2, and the Gulbinėlė (in the
north) basins join (Fig. B.2.).
The Drūkša together with the marshes along its shores drains the southeastern slope of
Švikščioniai ridge and the southern slope of Vosyliškės ridge; it is also the recipient of the water
from the abovementioned basin between the hills (K-8 drainage ditch). The river is 15-25 m wide,
up to 2 m deep, and its current is very slow, <0.1 m/s. The depth of the marshes along the river
banks is approximately 1.5 m. The fairly closed marshy depression surrounded by ridges and
ridgy hills is drained by K-12 main drainage channel (down to the bridge on Galilaukė-Vosyliškės
local road) and K-10 ditch (downstream from the bridge). It falls into K-8 running alongside
Varniškiai ridge (with a short left-bank tributary K-3, down to which the canal from its head is
referred to as K-7) [Table B.9.]. The grade of the system of drainage ditches (from the bottom
level at sources, to the Drūkša water surface) is some 5-5.5 m (approximately 0.0019°).
Waterlogged declensions situated at different elevations are characteristic of hills of heavy
mechanical composition in the area. There are no such hollows on Galilaukė main hill (with the
exception of the heads of somewhat wet short gullies on the southwestern and southern slopes).
The abovementioned hollows are observed on Švikščionys ridge at elevations of 157-159 m a.s.l.
(the elevation of the depression between the hills is approximately 149 m, and that of the Drūkša
some 141 m). The relative depth of the hollows is 1-3 m. On 25 June 2005 water up to 0.5 m in
depth was found in the hollows, and symptoms of continuous saturation were observed (judging
from the soil, vegetation and fauna). There was not any water in the hollows in late 2003,
nevertheless, the symptoms of saturation were obvious.
Given the location of the site, hydrographic character of its northeastern part is important
due to the position of Galilaukė main hill as that of the divide.
Varniškiai ridge is a divide between K-8* flowing to the Gulbinėlė in NE-N direction, and
K-8, flowing in S direction to the Drūkša. Damp plots are found on the eastern and northern
slopes of Varniškiai hills, and wet hollows with bushes on the eastern slope.
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Two springs issue at the northeastern foot of Varniškiai hills. The first one is situated 60 m
right of a field road from Varniškiai to Galilaukė, at the northeastern foot of a tall hill, on a small
(about 1 m high) rise, in a meadow without bushes, 30 m away from a small wet ravine
overgrown with bushes. Two concrete curbs 0.8 m in diameter were installed for drawing water
from the spring. The top of the upper curb protrudes 0.24 m above the ground. The water level in
the spring is 0.11 m above the ground, and the water seeps through the cracks in the curb. The
depth of the water from the surface is 1.87 m, and the bottom is hard. The water runs in N-NE
direction without forming a bed. Ferrous sediments are seen around the spring. The spring is in
use, and a pond for watering cattle was made nearby. The second spring is 20 m left of the field
road from Varniškiai to Galilaukė, 80 m away from the first one. The spring is at the mouth of a
deep gully, closer to its left slope, near the last trees. The gully is overgrown with alders, different
bushes, reed-mace and nettle. The spring also has a concrete curb installed. Its upper part
protruding about 0.5 m above the ground is badly decayed. The spring is clogged almost to the
ground surface, and only traces of water are seen. According to local residents, the spring started
drying up after the drainage system was constructed. Water from the gully flows in NE direction
without forming a bed. Both springs are at elevations of some 149-150 m a.s.l.
Description of land amelioration systems
As has already been mentioned in the subsection on the hydrographic situation of the site,
in the area under consideration there are drainage ditches (Table B.I 1.) as well as an underground
drainage network. The technical schemes of the latter have not been found, but judging by analogs
the drains were presumably placed at every 20 m.
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Table B. 11. Parameters of main canals of Galilaukė site

Length,
km

Width,
m

Depth,
m

K-7 (NE-SW direction
down to bend)

0.25

3-5

> 1.5

K-7 (in P direction down to
confluence with K-3)

0.38

4-6

> 1.5

K-3 (in NE-SW direction,
K-7 tributary on the left)

0.1

3-5

>1.2

K-8 (from confluence of K7 and K-3 down to
confluence of K-10 on the
left)

0.24

4-6

>1.5

Stretch

K-12 (from marsh between
hummocks down to bridge
on Galilaukė-Švikščionys
field road)

0.8

6-8

2-4

K-10 (from bridge on
Galilaukė-Švikščionys road
to confluence with K-8)

0.3

4-6

1.2-2

K-8 (from confluence with
K-10 down to ŠvikščionysBeržininkai road)

1.2

6-8

1.5-4

K-2 (from head down to
Vosyliškės-Mačionys road)

0.3

-

-

Note

Width of wet part 1-1.2 m; bushes up
to 2 m tall growing in the bed.
Water in the ditch 0.1-0.3 m deep.
Flow rate (on 5 July 2004) 2 1/s.
Bushes, orchises, marsh marigolds,
reed-mace grow in the ditch
excavated down to mineral soil.
Water in the ditch 0.3 m deep.
Current hardly noticeable; width of
wet part 1-1.2 m; elodeas, arrowheads, reed-mace, dense bushes
grow in the ditch.
0.6 km downstream falls into the
Drūkša
Flows into marshes adjacent to Lake
Drūkšiai. On 5 July 2004 flowed
from the lake into marsh at 3 1/s.

Note: According to land-use plans the above system of ditches covers 3.2 ha, and the length of ditches is
3.1 km. The average width of a ditch thus should be 10 m, but actually it is much smaller.

The marshy northeastern foot of Galilaukė hill is drained by K-2, a system of shallow old
ditches, which is directly connected to both Lake Drūkšiai and through the marshy Vosyliškės
forest to the Gulbinėlė (Fig. B.2.). The distance from the foot of Galilaukė hill to Lake Drūkšiai in
the northeast and the Gulbinėlė in the north is only 0.6 km. The water level in K-2 ditch should be
close to that in the lake. However, in the beginning of a rainy summer (25 June - 5 July 2004) in
the lowermost stretch of Mačionys-Vosyliškės road, near K-2, the road was inundated in a 20-mlong reach by up to 30 cm of water. The direction of flow changed depending on the water level
in Lake Drūkšiai, K-2 and the wetlands of Vosyliškės forest. Late in 2003 the road was also under
water, but this time only in a less than 10-m-long stretch. On 13 July 2004 water flowed towards
the lake at 1.8 1/s.
The basin area of K-2 draining the northeastern foot of Galilaukė hill is some 5.1 ha, and
the density of drainage ditches is 2.59 km/km2 (K-2 basin down to the siphon under VosyliškėsMačionys road). The basin area of K-12 (down to the bridge on Galilaukė-Švikščionys road) is
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62.5 ha, and the density of drainage ditches is 1.28 km/km2. Hill slopes, islet-shaped waves and
raised meadows take up some 3A, the rest is drained peat-bogs.
The present-day hydrographic network of K-12 basin formed after drainage measures were
implemented in 1971-3 (the design was produced in 1969). Prior to drainage, the abovementioned
area between hills was covered by deep low-moors, peat bogs up to 7.2 m, 3.5 m, 1-2 m, and 5-7
m deep in the northern, the southeastern parts, in the areas between hills, and on the edge of the
basin (the bridge on Galilaukė-Švikščionys road), respectively. Following drainage, 1.5-2 m-thick
layers of peat remained in the peat-bogs. After peat fires that broke out every year (at least
beginning with 1995), scattered hollows 0.5-1 m in depth appeared at the head of K-12 and at the
confluence of K-10 and K-8. In some places the peat burnt out down to mineral soil. Asps and
birches grow there, and the composition of herbs has changed, with cinquefoils, lychnises,
bluebells spreading, which shows that acid/alkali conditions of the environment are changing.
Land amelioration has radically changed the structure of the basin's hydrographic
network. Prior to drainage, shallow collecting ditches dominated in the basin, and K-12 main
canal with underground collectors following drainage. Before the amelioration there were some
2.6 km of ditches, mostly along foots of hills and marsh edges; only 0.8 km remained after the
amelioration. Therefore the density of ditches in the basin reduced from 4.3 km/km2 to 1.28
km/km2. In June 2004 no drainage collectors of K-12 were found because of dense grass and
bushes, but judging from the condition of the meadow the drainage system is functioning fairly
well.
On 25 June 2004 water flowed in the reinforced concrete pipe (0.9 m in diameter) of the
bridge on the Galilaukė-Švikščionys road at a rate of approximately 1.2 1/s with a velocity of 0.10.2 m/s. The flow from K-12 basin amounted to some 2 1/s/km2. Water flows along K-8 only
when snow is melting or following a heavy shower. After showers the flow slows down and soon
discontinues altogether. On 13 July 2004 the flow rate in K-8 was only 0.6 1/s.
In the drained foots of hills and hollows surface water remains for a long time every
spring, although water level in the wells of local residents is fairly low then. The well in Saulevič
farmstead in Galilaukė (water was 2.8 m deep on 5 July 2004) dries up almost every summer.
Water is then carried from the neighboring village of Varniškiai or from the spring (spring No. 1
in Fig. B.2.) flowing in the northwestern part of the site (the yield of the spring is 200 1/hr).
The generalized elements of water budget at Galilaukė site are shown in Fig. B.3.
P = 710 mm

66 mm

R = 164 mm
Fig. B.3. Generalized water budget at Galilaukė site
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The type and condition of hydraulic works
The main hydraulic works at the site are siphons of drainage ditches. Their condition is
satisfactory.
Water flowing from the marsh at the northern foot of Gali laukė ridge gets into the marsh
near the lake by spilling over the road rather than through the siphon.
The condition of underground drainage varies. Part of it is functioning in a satisfactory
manner, but there are symptoms showing that some plots have been soaked for a long time. No
drainage collectors have been found yet, therefore their condition is not known. Somewhat north
of the site area, near the bridge over the Gulbinėlė, there is a measuring weir in good technical
condition.
Other existing water consumers
Other water consumers at the site and in its immediate vicinity are local residents who for
domestic purposes use groundwater from shaft wells or carry it from Varniškiai spring. The
spring has been equipped so as to facilitate drawing water and watering cattle. However, the
access road to it no longer exists. According to the locals, supply of potable water is a constant
problem of Galilaukė. At the request of the villagers living in the farmstead at the foot of the hill,
a well was drilled in late 2003. Water was discovered at a depth of 4.5 m. According to local
residents, the well on Švikščionys ridge does not dry up every year. Nevertheless this is a fairly
serious local problem. There is always water in the wells on Varniškiai ridge, and in the
farmsteads west of it there are some ponds.
Hydrogeological conditions
Sedimentary Quaternary rocks of glacial origin 60-200 m thick occur in the area under
consideration underlain by pre-Quaternary (Devonian, Silurian/Ordovician, Cambrian and upper
Proterozoic deposits. Metamorphic and crystalline rocks occur at a depth of 700-750 m. The
upper part of Quaternary strata that formed when the last glacier was retreating is not
homogeneous. Alluvial, lacustrrine and palustrine deposits formed during the post-glacial period.
Lithological composition of surface formations determines permeability and strength properties of
soils. The lithological composition of soils at the site and in its environs does not vary much. At
the surface, down to 10 m, loams and clays of low permeability lie, and silty, gravelly sand in the
Gulbinėlė valley and in the hollows between the hills. A layer of peat that after the drainage
amelioration shrank to 7 m overlies silty deposits in the hollows between the hummocks. A
clearly defined aquifer occurs in gravelly sand some 5 m from the ground surface west and
northwest of Galilaukė site. The aquifer is not continuous and in some places in the Gulbinėlė
valley and in the hollows dissected by ditches it comes out to the surface.
An aquitard (glllgr, gllmd) composed of tills and sandy loams up to 40 m in thickness
underlies the first slightly pervious layer (gtlllbl). In some places of the slopes of disturbed hills
the till (glllgr) outcrops.
The first aquitard is underlain by a continuous (at the site and in the surrounding area)
semiconfined aquifer (fllžm) up to 10 m thick composed of heterogeneous sands. Its water
pressure around the site ranges from 137.7 to 134.9 m and is below the water level in Lake
Drūkšiai (141.6 m).
A second aquitard of till and sandy till (gllžm) 5-15 m thick underlies the first continuous
aquifer (Fig. B.4.).
The parameters of the upper low permeable zone at Galilaukė site are as follows: thickness
30 m, density 2.2 g/cm3, void factor 0.25, coefficient of effective diffusion lxl 0"6 cm2/s, seepage
coefficient lxl 0"5 cm/s (according to conservative estimates).
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The parameters of the aquifer at Galilaukė site are as follows: thickness 10 m, density 2.2
3
2
g/cm , void factor 0.3, seepage coefficient 2.5x10" cm/s, flow (confined) gradient 0.0008°,
5
stream (Darcy) velocity 2xlO" cm/s.
A path of water transmission important in terms of safety is in the central part of the hill
(vertical transmission in the loam of aeration zone, and horizontal transmission in the
semiconfined aquifer). The aquifer discharges into the well drilled for groundwater 150 m away
from the proposed repository's vaults.
Hydrochemical characteristics
The water taken from surface water bodies and boreholes at Galilaukė site is of calciumhydrocarbonate type. The amount of hydrocarbonates ranges from 280.6 to 585.6 mg/1; it is larger
in boreholes and almost by half smaller in surface water bodies (Table B.I2.). The amount of
chlorides, on the other hand, is larger in surface water bodies (Gulbinėlė and K-2), which can be
put down to the effluent of the town of Visaginas. It is not clear why a relatively large amount of
chlorides (25.56 mg/1) was found in borehole 5. The amount of nitrates (0.703 mg/1) and total
nitrogen content (2.132 mg/1) in this borehole is also relatively large.
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Table B. i 2. Chemical compositiorr of water at Galilaukė site as of 5 July 2004
Total
hardnes
s

TDS

mg/1

mgeq/1

mg/I

93.86

27.86

6.89

531.43

40.76

36.10

17.45

3.24

367.61

0.864

24.54

47.65

20.93

4.10

393.99

0.108

0.515

72.12

93.86

32.24

7.34

800.30

0.073

1.075

0.202

36.74

79.42

53.27

8.35

757.90

16.3

0.057

1.058

0.512

19.55

41.88

51.59

6.34

539.21

1.42

15.1

0.120

3.227

0.470

12.63

64.98

76.06

9.50

759.61

BO

PO

N/NO2

N/NO3

N/NH
4+

Nmin.

Norg.

Nb.

Pb.

Pmin.

Porg.

mg/1

mg/1

mg/1

mg/1

mg/l

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

K-12

57.13

29.76

0.023

0.198

0.552

0.773

0.808

1.581

0.044

0.033

0.011

Gulbinėlė

34.28

15.04

0.100

0.871

0.215

1.186

0.873

2.059

1.667

0.528

1.139

K-2

57.13

26.88

0.000

0.081

0.672

0.753

0.424

1.176

1.778

0.611

1.167

BH5

62.84

14.08

0.211

0.024

0.401

0.636

1.496

2.132

0.061

0.011

0.050

BH6

22.85

3.20

0.022

0.243

0.157

0.422

0.093

0.515

0.000

0.000

0.000

Spring
1

5.71

3.52

0.017

0.239

0.398

0.654

0.081

0.735

0.000

0.000

0.000

Spring
2

2.88

0.036

0.729

0.366

1.131

0.046

1.176

0.000

0.000

0.000

0.000

2

HCO "

Cl"

so 4 "

NO "

NO "

NH

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

K-12

341.6

2.84

63.0

0.077

0.857

0.710

0.61

Gulbinėlė

231.8

31.24

5.8

0.333

3.856

0.276

K-2

280.6

17.04

<2

0.000

0.358

BH5

561.2

25.56

14.0

0.703

BH6

561.2

8.52

17.4

Spring
1

402.6

5.68

Spring
2

585.6

3

Place

2

Place
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Fig. B.4. Hydrogeological section of Galilauke and its environs specified on the basis of data of
2003-4 studies. Water levels of: 1. Ground water; 2. Semiconfined aquifer; 3. Lake Druksiai

APVARDAI SITE
Apvardai site is located between the Gaide stream and the marshes it is draining in the
east, and lakeside marshes in the southeast. The area is drained by drainage ditches running in SSE direction.
The soils (medium and heavy loams), the terrain (large and small marshy depressions), a
low general slope of the site are not conducive to fast removal of excess precipitation. Therefore a
drainage system comprising open ditches and underground collectors was constructed for draining
the site and its environs on the northwestern shore of Lake Apvardai. The site belongs to the
direct basin of Lake Apvardai (Table B.13.).
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Table B. 13. Characteristics of Lake Apvardai

33-12

Lake number (in cadastre)

550.2/424.8*

Area in ha
Average depth in m

2.65

Maximum depth in m

4.97

Volume of water in thou. m
Basin area in km

3

2

Water exchange in %/year
Outflowing river

14596.0
134.5
218
The Apy varde

* overall/in the territory of Lithuania
The Žilma, bringing in the runoff of Lakes Ilgiai, Alksnas, Prutas, Rūžas and Žilmas, the
Gaidė, bringing in the runoff of Lakes Samanis (Pasamanis) and Gaidė, as well as three drainage
ditches on the northwestern shore of the lake, fall into Lake Apvardai. The annual water exchange
in the lake is fairly high, 218%. The western and southern banks of Lake Apvardai are marshy.
Hydrographic situation and hydrological peculiarities
Apvardai site is located some 1300 m from the northwestern shore of Lake Apvardai,
north of Čepukai-Bieniūnai road. The site is drained by ditches K-6 and K-4, with the latter
connecting a system of several ditches. Ditch K-6 collects surface water from the eastern and
southeastern parts of the site. Its water flows towards the lake, however, 600 m upstream from the
lake it spills into a lakeside marsh. Water from the central part of the site flows along ditches K-8
and K-6** (another ditch with the same index) to K-4 that 800 m downstream falls into Lake
Apvardai. A system of drainage ditches flowing into K-4 drains the southwestern edge of the site.
Part of the central and northern parts of the site is not drained (Fig. B.5.). The hydrographic
structure of the basin is still being specified. The low slope between the southern part of the site
and the mouth of K-4 is not conducive to fast removal of excess precipitation. On 5 July 2004 the
depth of water in the ditch north of Čepukai-Rimšė road was >1 m.
The principal surface elements of Apvardai site determining the division and structure of
elementary basins of the site and described in Appendix D are:
• Bieniūnai ridge on the west, some 1.5 km long in the SE-NW direction;
• Kumpiai and adjoining hills, the divide between K-8 and K-6 ditches (1.7 km in the
SE-NW direction) in the northeast;
• Vigutėnai-Žibakiai ridge (some 2.3 km long in the SE-NW direction) in the east;
• Tripuckai ridge, a dividing ridge extending in the SW-NE direction between the
basins of Lakes Apvardai and Drūkšiai in the northern and northwestern parts.
The above elements of terrain divide the site into two waterlogged declensions of SE-NW
direction that are drained by ditches leading to Lake Apvardai. Settled peat soils lie in the drained
hollows. Hummocks and waves of variable size (1-5 ha) having the shape of a peninsular cut into
the declensions. The former Girdžiūnai hill extending from SW to NE dissects the more easterly
declension. In the hollow cut off by the hill, there used to be a closed 0.9-km-long ditch (Fig.
B.5.), draining the hollow with no flow (the no-flow K basin). As there seems to be a disparity
between the surface and underground hydrographic networks, the hydrographic situation of the
area important in terms of potential control of surface and underground runoff needs to be
specified.
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Drainage ditches, wetlands (marshy areas between hummocks, waterlogged foots of hills,
lakeside marshes) and underground drainage are the principal hydrographic elements of Apvardai
site. The marshes of Apvardai lakeside begin on the southern edge of the site. In the site area and
around it there are several farmsteads with shaft wells (Fig. B.5.). Springs have not been found,
only waterlogged hollows and deep pools with water (on the northeastern edge of the site).
Description of land amelioration systems
Comprehensive drainage amelioration was implemented ca. 1972. Previously, the marshy
Žibakiai-Girdžiūnai depression used to be drained by shallow ditches. They were used as the basis
for the present-day main canals.
The site area is drained by ditches K-4 and K-6, lakeside marshes and closed hollows of
variable size. The ditches are 3-8 m wide and 1-2.2 m deep (Table B.14.). The slope of the K-8
drainage system is some 3.6 m (0.0033°). K-4 further away has a slope of only 0.2 m (0.0002°),
therefore the water in the channel is standing or hardly flows.
The drained marshes were not deep (approximately 2.5-4.5 m, with the exception of
Apvardai lakeside and the marshes east of Girdžiūnai where peat was up to 7 m thick). The drains
are spaced 20 m apart.
In the east the area is drained by K-6 that begins between Kumpiai forest and Vigutėnai
village, flows in SE direction and falls into a marsh in Žibakiai village. Its length is 1.2 km. K-6
probably connects with the ditch that flows from the abovementioned marsh to Lake Apvardai,
crossing Rimšė-Gaidė road on its way. The ditch is 0.5 km long, some 10 m wide, and its bottom
is overgrown with vegetation. There is current in the ditch, its flow rate is about 0.4 l/s. The slope
of the ditch is -7.9 m (or 0.0065°). After it falls into the marsh, however, the slope is but -0.1 m.
Given the siting of the facility, the hydrographic properties of ditches K, K-8 and K-6*
running along the western hollow of the site are important. The northern foot of Girdžiūnai hill is
drained by the no-flow ditch K that drains Pavarė meadows. The southern foot is drained by K-6
ditch whose slope at the confluence with K-6* is very low. The best conditions of flow are in
ditch K-6. However, it too spills widely into a lakeside marsh with a low slope.
In terms of the hydrographic network and hypsometry, the general slope of the site and its
environs is southeastwards, towards Lake Apvardai. There are no springs at the foot of Mikštas
mountain in the northern part of the area, only small declensions with symptoms of waterlogging.
Depressions sloping towards K-8 were formed at the southern and southeastern foot in the course
of land amelioration operations.
Ditch K collects excess water in the closed wet Pavarė meadow. At the surface it does not
connect with other ditches or Lake Apvardai, although it may have hydrographic of hydrological
2
connections. The area of this no-flow basin is 66.6 ha and the network density is 1.05 km/km .
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Fig. B.5. Hydrographic scheme of Apvardai site
Table B. 14. Parameters of main canals of Apvardai site
Stretch
K-6 (down to lakeside marsh)
K-8 (down to confluence with K6*)
Left-bank tributary of K-8

Length, km
1.2

Width, m
8

Depth, m
2.1

1.2

6-10

2-4

0.3

6

1.8

K-4 (from K-6* down to Lake
Apvardai)

0.85

3-5

<1.8

K-6* (from bridge on Bieniunaitepukai road to K-4)

0.85

5

1.8

K (no-flow ditch)

0.9

5

1.7

Note
—
—
—
Width of wet part
1.5-2.5 m;>l mof
standing water in bed
Standing water in
ditch
Ditch drains wet
Pavare meadows,
water is standing

Most of the site area is drained by K-8 with a left-bank tributary K-6**. Near Girdziunai
K-6* flowing from the west falls into K-8. The length of K-6 - K-4 from the confluence down to
the lake is 0.9 km. Wet declensions and hollows with water occur in the divide between the head
of K-8 and the eastern ditch K-6, in the NE part of the area, at a high hypsometric level. K-8 is 1.2
km long, 6-10 m wide, 2-4 m deep. The bottom is overgrown with vegetation, the ditch abounds
in water. The stream in the lower part, in the vicinity of the farmstead, is 4-5 m wide, ~1 m deep;
the current is not noticeable, but there are symptoms of flow (the midchannel is clear). The left72

bank tributary, K-6**, flowing from the leveled area is 0.3 km long and some 4-5 m wide. There
is water in the ditch although current is not noticeable. The area of K-8 basin down to K-4 is
2
105.2 ha, and the density of drainage ditches is 1.14 km/km . The area of K-6 basin down to the
2
lakeside marsh is 114.8 ha, and the density of drainage ditches is 0.94 km/km .
Waterlogged declensions situated at different hypsometric levels are characteristic of hills
of heavy mechanical composition in this area. There are scattered declensions of this type on the
hills at Apvardai site. More often than not they are overgrown with bushes. The relative depth of
the declensions is 1 -3 m. Constant saturation of the declensions is manifested in their flora and
fauna.
The network of drainage ditches appeared as a result of drainage measures implemented
around 1970s. Previously deep lowmoors lay in the depressions between hummocks; after the
land reclamation the peat-bogs compressed. The area south of K-8 was leveled and prepared for
the construction of greenhouses. No symptoms of saturation are evident in the leveled plots (thick
growths of melilotus choke seedlings of fir-trees). There used to be a dense drainage network in
the leveled plots. No functioning collectors were found. They might have been inundated after the
peat compressed. The land reclamation changed the structure of the basin's hydrographic
network. Prior to it, small marshes of declensions used to dominate along which water used to
reach Lake Apvardai. After it, excess water is faster removed from waterlogged areas.
Additional description will be given of the site's hydrogeological conditions.
The generalized elements of water budget at Apvardai site are shown in Fig. B.6.
P = 710 mm

SR = 66 mm

> 164 mm

Fig. B.6. Generalized water budget at Apvardai site

The type and condition of hydraulic works
The condition of drainage ditches is good or satisfactory in the recultivated area, and poor
in the site's southern part as the ditches are not cleaned.
The condition of drainage ditch siphons in the site area is satisfactory. The important
siphon under Gaidė-Rimšė road draining water from the eastern edge of the site is in poor
condition: the water runs around, rather than through it.
The installations for the planned greenhouses on the shore of Lake Apvardai have been
destroyed. The levee separating Lake Apvardai from drained compressed meadows is in
satisfactory repair.
There are groundwater boreholes in the immediate vicinity of the site, but their technical
condition and status are not known. The system of water supply that used to convey water to the
pastures has been destroyed.
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Other existing water consumers
There are no water consumers in the site's area. Previously, several farmsteads used to
consume water. In the 1960s - 1970s, when Apvardai kolkhoz was still functioning, a water
conduit was installed in the leveled area and adjacent pastures for watering the cattle. It was
planned in the 1970s to install a system of water supply to a complex of greenhouses. To this end,
the shore of Lake Apvardai near Zibakiai was transformed. (According to unchecked data, after a
good beach was destroyed, preparations were made for constructing a water intake in the only
place that was accessible; there used to be a levee further east protecting the lakeside from
inundation; preparations were made for constructing a water supply system in the northeastern
part of the site.)
Hydrogeological conditions
In the major part of the site and throughout the leveled area, ground water occurs at a
depth of 1-3 m. Lithologically, the aeration zone is composed of till and sandy till. The hills
within the site are composed of sandy till with sandy veins of lighter composition and lenses of
till.
The hydrogeological conditions of the site are defined by three 16-20-m-deep boreholes
drilled in 2004. Although the distance between the boreholes is not large, the settled water level in
them during installation of the boreholes in early June 2004 was different. Ground water lay at a
depth of 3.6 m, 1.2 m, and 11 m in the eastern part, in the middle of the hill, and in the hill's
northwestern part, respectively.
A hydrogeological section was compiled after a detailed study of data provided by the
boreholes (Fig. B.7.). A thin sand/clay (lgtlllbl) bed abounding in water is evident in the first
slightly pervious stratum. In the area of the occurrence of the layer of sand water lies at a depth of
2.2 m, and at a depth of 1.2 m in the area of the occurrence of the layer of clay. A 6-12-m-thick
aquitard (gtlllgr) underlies the first slightly pervious layer.

m a.s.l
164.0
1620
160.0
158 0
156 0
154 0
152,0
150.0
148.01460144.0142.0

I

First low pcnmble tajnr
Aquitards

Fig. B.7. Hydrogeological section of Apvardai site, specified on the basis of
studies conducted in 2003-4. Water levels of: 1. Ground water; 2.
Semiconfined aquifer; 3. Lake Apvardai
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Fig. B.8. Boreholes for studies of Apvardai site

The first aquitard is underlain by an up to 2-m-thick semiconfined aquifer (fll-IIImd-gr)
composed of clayey sand. Its water level around the site ranges from 152.4 m td 150.0 m and
exceeds that in Lake Apvardai (143.5 m). A second aquitard (gtllmd) lies below it.
The parameters of aeration zone of Apvardai site are as follows: thickness 3.5 m, density
2.2 g/cm3, void factor 0.25, coefficient of effective diffusion lxl0' 6 cm2 Is, seepage coefficient
lxl0' 5 cm/s (the available laboratory estimates show the value of seepage coefficient to be ~
5xlO"6 cm/s; however, it is likely that future measurements will produce a higher vklue, therefore
the above figure is proposed as a conservative one).
The parameters of the aquifer at Apvardai site are as follows: thickness 2.2 m, density 2.2
g/cm3, void factor 0.3, seepage coefficient 1.2xlO"3 cm/s, flow (confined) gradient 0.006°, stream
(Darcy) velocity 7x10"6 cm/s.
A pathway of water transmission important in terms of safety is in the central part of the
hill (vertical transmission in the loam of aeration zone, and horizontal transnlission in the
semiconfined aquifer). Seepage coefficients are higher than those at Galilauke site. The aquifer
discharges into the well drilled for groundwater 150 m away from the proposed repository's
vaults and into Lake Apvardai 1300 m away from the repository's vaults.
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Hydrochemical characteristics
The water taken from surface water bodies and boreholes at Apvardai site is of calciumhydrocarbonate type. The amount of hydrocarbonates ranges from 268.4 to 500.2 mg/1. In ditch
K-6, that is mostly fed by ground water, the amount of hydrocarbonates twice exceeds that in K-8
(Table B.I6.).
Table B. 16. Chemical composition of water at Apvardai site as of 6 July 2004
HCO3-

Cl-

SO42-

NO2-

NO3-

NH4+

Na++K+

Ca2+

Mg2+

Total
DS

Total
mineral

mg/l

mg/1

mg/1

mg/1

mg/l

mg/1

mg/1

mg/1

mg/1

mgeq/1

mg/1

K-6

427.0

2.84

<2

0.050

0.357

0.671

0.77

99.64

25.22

7.06

558.55

K-8

268.4

0.85

9.8

0.060

0.344

0.806

0.00

69.31

22.65

5.33

372.22

BH
11

500.2

14.20

23.0

0.077

0.419

0.979

32.79

102.52

32.22

7.78

706.41

BO

PO

N/NO2-

N/NO3-

N/NH4+

Nmin.

Norg.

Nb.

Pb.

Pmin.

Porg.

mg/1

mg/1

mg/l

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

K-6

68.56

31.04

0.015

0.081

0.522

0.618

1.074

1.691

0.050

0.000

0.050

K-8

85.70

28.16

0.018

0.078

0.627

0.723

0.822

1.544

0.028

0.008

0.019

BH
11

17.14

10.24

0.023

0.095

0.762

0.880

0.826

1.706

0.022

0.006

0.017

Place

Place

Comparison of hydrological and hydrogeological conditions at Galilaukė and Apvardai
sites
The main hydrological and hydrogeological similarities of the two sites are as follows:
• Both sites are in the vicinity of large lakes and within their basins;
• The area of both sites (the hilly environs of the repository) was drained, besides,
almost at the same time. This means that the hydrological regime of both sites has
been modified;
• The situation of both sites from the viewpoint of a hypothetical inundation is similar.
The main hydrological and hydrogeological differences of the two sites are as follows:
• The intra-basin situation of Galilaukė hill is more clearly expressed, besides, it is at a
juncture of 3 direct basins. Apvardai site is between 2 direct basins;
• The hydrological situation of Apvardai site is more complicated, and the ground
water level in it is higher.
The comparison of the hydrographical, hydrological and hydrogeological situation of the
two sites suggests that Galilaukė site is more suitable for a near-surface repository.
Refferences:
B1. Jurgelevičienė L, Lasinskas M., Tautvydas A. Drūkšių regiono hidrografija. Vilnius,
1983.
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B2. Gailiušis B., Jablonskis J., Kovalenkovienė M. Lietuvos upės: hidrografija ir nuotėkis.
Kaunas, 2001.
B3. Resursy poverchnostnych vod SSSR. T. 4, vyp. 3. Leningrad, 1969.
B4. Tautvydas A. Water resources and regime. Hydrophysical Basic state in lake
Drūkšiai. Vilnius, 1989.
B5. Taminskas J. Potvynių grėsmė Lietuvoje. Geografijos metraštis XXXV (1-2), 2002.
B6. Gidrologičeskije i landšaftno-geochimičeskije aspekty funkcionirovanija cholmistych
agrogeosistem. Vilnius, 1988.
B7. Ignatavičiene I. O količestve osadkov, vypadajuščich pri različnom napravlenii i
skrosti vėtra. Hidrometeorologiniai straipsniai, Nr.5, 1972.
B8. Kaušyla K. Popytka količestvennoi ocenki otnositelnoi veličiny sklonovych osadkov v
Pribaltike. Hidrometeorologiniai straipsniai, Nr. 6, 1973.
B9. Juozapaitis A., Berankienė L., Zelionkienė V. Hidrometrinis metraštis. Drenažo
nuotėkis 1962-1990 m., t2. Kėdainiai, 1995.
B10. Juozapaitis A., Berankienė L., Zelionkienė V. Hidrometrinis metraštis. Paviršinis
nuotėkis 1963-1990 m., tl. Kėdainiai, 1997.
BĮ 1. Dilys A. Paežerių šlaitų ariamų dirvožemių drėgmės išteklių kaita. Geografijos
metraštis XXII - XXIII, 1986.
B12. Dilys A. Vandens apytaka kalvotame Rytų Lietuvos agro - ir miško landšafte.
BĮ 3. Identification of Candidate Sites for a Near Surface Repository for Radioactive
Waste, RATA, LGT, GGI, LEI, Report, 2004.
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APPENDIX C. METEOROLOGICAL AND CLIMATOLOGICAL DATA

METEOROLOGICAL AND CLIMATOLOGICAL DATA
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.

General information on the sources of meteorological and climatological data of the
proposed sites
The repository sites under consideration are situated in Aukštaičiai subregion of the
climatic region of the Southeastern Heights. Intensification of turbulence circulation and thermal
convection in a very rugged terrain and formation of powerful thermal inversions in wintertime
are characteristic of the region. Dūkštas Meteorological Station is the shortest distance away from
the proposed repository site: 12 and 18 km from Apvardai and Galilaukė, respectively. Therefore
meteorological information characteristic of the area is presented on the basis of the data from this
station.
Dūkštas Meteorological Station (MS) is the only station in the area of Ignalina NPP that
has been carrying out systematic observations of climate elements. The station has been operating
since 1 January 1972.
Dūkštas MS is part of the network of meteorological stations of The Lithuanian
Meteorological Service. Observations at the station are conducted in compliance with the
standards of The World Meteorological Organization, therefore the data of Dūkštas MS can be
compared with those from other MSs complying with WMO requirements.
The following parameters are observed at Dūkštas MS:
•
Air temperature;
•
Atmospheric pressure;
•
Air humidity;
•
Atmospheric phenomena;
•
Wind direction and velocity;
•
Elemental and catastrophic meteorological phenomena;
•
Hourly air temperatures by means of thermograph;
•
Hourly air humidity by means of hygrograph;
•
Intensity of precipitation by means of pluviograph;
•
Soil humidity;
•
Temperature of soil surface;
•
Soil temperature during the vegetation season at depths of 5, 10, 15 and 20 cm;
•
Soil temperature at depths of 0.8, 1.2, 2.4 and 3.2 m;
•
Duration of sunshine by means of heliograph;
•
Daily thickness of snow cover;
•
Thickness of snow cover in the forest;
•
Phenomena of freezing rain, hoarfrost and glazed frost;
•
Phonological phases of trees and bushes.
The other nearest sources of climatic data are Utena MS (some 56 km away from the
sites), Švenčionys (some 50 km away) and Rokiškis (some 78 km away) elementary climate
stations (according to the classification of LMS). Should it become necessary to reconstruct
meteorological data, the records from the former Dusetos, Zarasai, Ignalina and Švenčionys MSs,
and from Moliakalnis (near Dūkštas), Naujasis Daugėliškis (near Ignalina) and Vyšniauka (near
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Zarasai) meteorological posts can be partially used. Some non-systematic data on the condition
of the region's climate elements can be obtained from 4 ambient air observations posts at Ignalina
NPP that have been functioning for some 10 years now. Their observation programs have been
changing. The meteorological posts of INPP conduct observations in accordance with an original
program, therefore to compare their data with those of other stations, an additional statistical
analysis is required. Ignalina NPP does not exchange meteorological data with LMS.
Microclimatological and agrometeorological studies are not conducted in the area of
Galilaukė and Apvardai sites.
Basic long-term meteorological data
As has already been mentioned, data of Dūkštas MS presented in Tables C.1.-C.3. and Fig.
C.I. and C.2. are analyzed below.
Winds of westerly and southwesterly directions dominate at the sites proposed for the
repository. One of potential sites is on Galilaukė hill, whose long axis lies in East-West direction.
The alternative site in the vicinity of Lake Apvardai is proposed in hills stretching in North-South
direction. Different exposition of the hills' slopes can affect snow cover during the cold season.
Different amount of solar radiation to which the slopes are subjected may result in different
intensity of melting of snow cover.
As a rule, constant snow cover (remaining at least a month with not longer than 3-day
intervals) forms on 15 December. The maximum thickness of snow cover is 25 cm. Constant
snow cover disappears on 25 March.
Table C.I. Long-term recurrence of wind direction (in %) at Dūkštas MS fCl/

Wind direction
N
NE
E
SE
S
SW
W
NW
Calm
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Recurrence of wind direction, %
January

July

Annual

5
6
14
15
12
23
16
9
3

10
8
8
8
7
17
24
18
9

8
7
12
13
11
19
18
12
6

1
251
20
15
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Fig. C.I. Long-term wind roses at DukStas MS: in January (right, in blue), in July (right, in red)
and annual (left)

Table C.2. Long-term average wind velocity at Dukstas MS [Cl]
Wind velocity, m/s
Wind direction
January

July

Annual

N

2.8

2.5

2.8

NE

3.4

2.7

2.8

E

3.6

2.6

2.9

SE

4

2.6

3.2

S

3.8

2.9

3.3

SW

4.1

3.1

3.6

W

4.2

2.8

3.6

NW

3.4

2.7

3.1

Table C.3. Long-term average amount of precipitation (mm) and long-term average maximum, mean
and minimal daily temperatures (°C) at DukStas MS [C2, C3]
Month
Annual

Indicator
Jan

Feb

March

Mean temperature

-6.8

-5.6

Max. temperature

-4.0

Min. temperature
Precipitation

Oct Nov

Dec

11.2

6.2

0.9

-3.8

5.5

20.9

15.6

9.5

3.0

-2.5

9.2

11.7

11.0

7.5

3.3

-0.9

-5.9

1.9

81

74

68

51

41

40

614

Apr May

June

July

Aug Sept

-1.8

5.2

12.1

15.5

16.8

15.9

-3.0

1.9

9.8

17.3

20.5

21.6

-9.0

-8.3

-4.9

1.2

6.8

10.2

31

25

29

43

56

75

83
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Fig. C.2. Long-term average amount of precipitation (mm) and long-term average
maximum, mean and minimal daily temperatures (°C) at Dukstas MS

Trends of climate change
In accordance with the results of the models of climate change developed in different
countries of the world and adapted for Lithuania [C4], the air temperature is expected to rise in
the 21st century. Presumably, the fastest change of climate will take place in the second half of
the century. Forecasts show that the temperature of the cold season (December through March)
will rise most. In addition to that, the overall amount of precipitation (and that of the cold season
in particular) and the frequency of recurrence of precipitation anomalies will also grow. The
trends of shortening summers and winters have also been established which shows that contrasts
between the seasons of the year are becoming less evident and that intermediate seasons are
growing longer. On the other hand, it was established that severe frosts of long duration occur less
frequently whereas hot spells of long duration occur more often. These trends of the recurrence of
anomalies are consistent with other indicators of climate extremes. The studies and simulations of
climate trends show that the trends of marine character of Lithuania's climate will become more
evident.
The radioactive waste repository will be intensely surveilled for a hundred years.
Therefore it is important to forecast the regional trends of climate change. The best way of doing
it is by means of carbon dioxide emission scenarios of IPCC (Intergovernmental Panel on Climate
Change) and global atmospheric general circulation models (GCM). In accordance with these, in
the coming 100 years air temperatures in Europe will rise by 0.1-0.4° C/decade. Temperatures are
expected to rise most in southern Europe and in the northern part of Europe, including the
territory of Lithuania. The cold season temperatures will probably rise even more, by 0.15-0.6°
C/decade. The rise in the warm season temperatures will be somewhat less pronounced, 0.08-0.3°
C/decade [C5].
The amount of annual precipitation in the northern part of Europe is expected to rise by
1-2%/decade. The amount of precipitation of the cold season is to grow even more, by 14%/decade [C5].
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Generalization of meteorological and climatic data
From the viewpoint of long-term safety and operation, climate anomalies, trends of
climate change and the existing regional differences in climate parameters, are of little importance
in the selection of a suitable site for the repository.
The location and properties of the two sites show that slopes of the most contrasting
exposition, northern and southern, dominate at the sites, which may be conducive to considerable
differences in surface runoff formation conditions, soil temperature regime and other
microclimatic differences in different parts of the facility.

References:
Cl. Lithuania climate catalogue. Wind (1996). Vilnius. (In Lithuanian)
C2. Lithuania climate catalogue. Precipitation (1991). Vilnius. (In Lithuanian)
C3. Lithuania climate catalogue. Air temperature (1992). Vilnius. (In Lithuanian)
C4. Bukantis A., Gulbinas Z., Kazakevičius S. ir kt. Climate variation effect on physical
geographical processes in Lithuania. Vilnius, 2001. (In Lithuanian)
C5. Climate Change 2001: Impacts, Adaptation and Vulnerability. Report. Ed. McCarthy
(US), 2001.
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APPENDIX D. TERRAIN OF GALILAUKĖ AND APVARDAI SITES

TERRAIN OF GALILAUKĖ AND APVARDAI SITES
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.
Morphometric and topographical features of the region and of the proposed repository's
sites are described in this section.
Geomorphological and topographical conditions of Ignalina NPP region are very diverse,
and respective properties are contradictory from the viewpoint of the repository's construction.
The principal data on the terrain of the region and its properties are given in scientific publications
[Dl, D2, D3]. The region's terrain has already been analyzed in previous studies [D4], and
described in the material of the feasibility and site selection studies [D5].
In accordance with the abovementioned sources, landscapes of different types
characterized by different natural properties and different changes resulting from human activities
are observed in Lake Drūkšiai area and the adjacent areas. In the northeastern part of the region
where the two alternative sites of the repository are located, morainic landscape of sandy till
abounding in large hills, depressions and lakes prevails. Morainic landscape of sandy till with
numerous small hills, depressions and lakes and glaciofluvial sandy, marshy landscape of
undulating plains is also common. Chains of relatively narrow, steep-sloped morainic ridges and
ridgy hills are also characteristic of the northeastern micro-region of the area. Loam landscapes of
steep ridges interspersed with hollows are a common feature here. The depressions between
ridges are dotted with small, deep lowmoor peatbogs.
As landscapes in the proposed repository's area are of small extent and highly variable,
the terrain features of the area can only be viewed as general background little related to the
properties of the repository sites. Therefore the terrain and its properties at both sites are discussed
separately below.

GALILAUKĖ SITE
The main surface elements determining the division and structure of elementary basins at
Galilaukė site are as follows:
• Vosyliškiai ridge, some 2-km-long in W direction, 0.2-0.5 km wide, the relative
height of hills > 18-22 m, absolute elevations 153-169 m;
• Ridgy Galilaukė hill, 1.2-km-long in N-SW direction, 0.2-0.4 km wide, relative
height 6-21 m; the higher part is on the NW edge; absolute elevations 152-164 m; spurs of
NE-SE direction in the southern end having a relative height of 10-15 m;
• Švikščioniai ridge (=1.8 km long in NE-SW direction along the Drūkša; 0.3-0.6
km wide, relative height on the Drūkša side 18-20 m, absolute elevations 160-164 m;
separated from the Drūkša by a 50-250-m-wide marsh.
Islet-shaped hills and waves of variable size (1-5 ha) having a relative height of 6-14 m are
found in the relatively closed depression formed by the abovementioned basic elements of terrain.
On the W side the site is nearly closed by Varniškiai ridge (relative height of hills in the N
and southernmost parts is 10-22 m, and 4-8 m in the central part). On the S side it adjoins a very
distinct stretch of tall, large and medium-sized, steep-sloped hills stretching along the Drūkša in
the NE-SW direction and characterized by deeply dissected surface. Thus formations of different
directions (with respect to the long axis) and dissected in a variable degree occur in the region. As
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a result of their interaction the closed Galilaukė basin formed. The terrain elements along its
perimeter are similar in their Morphometric properties.
The main hill (that of the repository) extends for 1.2 km in the NW-SE direction. The hill
is 0.4 km and 0.2 km wide in the NW and SE parts, respectively.
The narrow (0.2-0.5-km-wide) Vosyliškiai ridge with several crests having absolute
elevations of 153-169 m extends for a distance of 2 km in the E-W direction on the N edge of the
main hill. Minor surface forms and more variable lithology are characteristic of this ridge.
The area of the hill is =38 ha. Some of its parameters are presented in Table D.I.
Table D. 1. Principal morphometric parameters of Galilaukė main hill

Parameter

NE slope

SW slope

NW slope

S-SE slope

3(8)

13 (34)

17(45)

5(13)

Relative area of
slope, ha (%)
Relative height of
slope, m
Length of slope, m
Steepness, °

16-21

8-15

6-8

11-16

100-250
7-12

=150
3-6

150-300
4-7

Slope profile

Convex

100-200
<6
Level, convex at
places

Concave

Convex

APVARDAI SITE
Apvardai site is surrounded by morainic hills of variable size. In the E and SE (on Žibakiai
side) the site is surrounded by small and medium-sized hills with small wet hollows. The small
hills are 10-15 m high (with respect to adjacent marshes and the deepest depressions), and fairly
steep, especially in the E part. As a rule, the slopes are short (>150 m). Exposures vary greatly
although the slopes of the E-W exposure are somewhat more numerous. This stretch of hills acts
as a kind of barrier separating Apvardai site from a fairly wide (1 -3 km) strip of KukutėnaiGaidė-Čepukai marshes.
Larger and flatter formations and larger depressions prevail in the N and NE part of the
site area. The relative height of the hills is 16-20 m, and the length of the slopes is 200-250 m.
The largest and tallest (20-26 m) elements of terrain are found along the site's NW perimeter, at
Guriai, Tripuckai and Pušynas.
On the West, the site is surrounded by a belt of medium-sized, flat-sloped hills and waves
12-15 m in height that separates the area under consideration from a chain of small marshes
extending in the N-S direction between Magūnai and Bieniūnai.
The central part of the site area was leveled when a plot was being prepared for the
construction of greenhouses of INPP. An area of at least 25 ha was leveled and its environs were
transformed (the slopes of the adjacent hills were somewhat leveled, self-draining hollows were
formed). The operations on terrain transformation (including recultivation) are believed to have
affected an area of some 50 ha. Prior to leveling, wide, marshy depressions and flat-sloped waves
4-9 m in height used to dominate in this portion of the site.
From the viewpoint of the potential construction of a repository, the main element at
Apvardai site is a hill of intricate shape (with several low tops) that adjoins the hill of Kumpiai
forest in the north. The repository's main hill covers an area of =24 ha (37 ha with the hill in
Kumpiai forest). In the west, at Tripuckai (near Supakalnis hill and Klevo [Maple] mountain), it is
contiguous to a much larger and taller hill having a relative height of 22-26 m. The overall area of
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the "complex" is thus 98 ha. An intricate structure of the terrain (some 15 hilltops) and large
differences in height (up to 26 m) within its perimeter are characteristic of the complex. Therefore
further description is limited to the repository's main hill between ditch K-6 in the east and the
first deep depression between hills in the west.
The hill (called Mikštas mountain by the locals) extends in the E-W direction for a
distance of about 600 m, and is =400 m wide. Some of the hill's properties are tabulated below.
Table D.2. Principal morphometric parameters ofApvardai main hill

Parameter
Relative height of
slope, m
Length of slope, m
Steepness, °
Slope profile

N slopes

S slopes

W slopes

E slopes

8-10

12-16

10-14

9-13

60-90
6-9
Convex
dominant

140-180
6-9

80-150
7-12

100-180
4-6

Intricate

Convex dominant

Convex

Because of the intricate structure of the hill, only approximate combined areas of slopes of
different exposition can be given. Slopes of NE and NW exposition make up 24%, those of E and
SE exposition 11%, those of SW exposition 11 %, and those of S exposition 50%. Flat surfaces
are rare.
The hilltops are at absolute elevations of 161-165 m.
Comparison of terrain properties of the two sites
The main similarities of the two sites are as follows:
• The hills are at the same absolute elevation;
• Medium-long, medium-steep and steep slopes of the most contrasting, N and S,
exposition are the dominant elementary surfaces at both sites;
• Concave slopes dominate in both hills.
The main differences of the two sites:
• At Galilaukė site, differently from Apvardai site, the dominant forms of ridgy
morainic terrain form a relatively closed local basin which would facilitate control of
runoff and material migration;
• The main hill at Apvardai site is of more intricate internal structure and has a
distinct micro-terrain. Therefore the configuration of a facility (repository) at this site
would be more complex. The facility would be more difficult to construct and to control
(from the engineering viewpoint). Therefore construction of the facility at Galilaukė site
appears to be preferable.
References:
Dl. Basalykas A. Lithuanian SSR physiography. Tome 2. Vilnius, 1965. (In Lithuanian)
D2. Kudaba Č. Lithuanian heights. Vilnius, 1983. (In Lithuanian)
D3. Česnulevičius A. Lithuania relief: morphometrical and morphographical aspects.
Vilnius, 1999. (In Lithuanian)
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RATA, LGT, GGI, LEI, Report, 2004.
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APPENDIX E. GEOLOGICAL SETTINGS OF GALILAUKE AND
APVARDAI SITES

GEOLOGICAL SETTINGS OF GALILAUKE AND APVARPAI SITES

GALILAUKE SITE
Description of geological and hydrogeological structure
The geological and hydrogeological structure of Galilauke site has been described on the
basis of studies conducted in 2003-2004 and environmental impact assessment reports [El, E2,
E3, E4].
As Galilauke site, just like Stabatiske site analyzed in the following Appendix, is within
the area of Ignalina NPP, many geological and hydrogeological peculiarities are colnmon to both
sites and have been described on the basis of all the data of previous studies. A comprehensive
generalization of geological and hydrogeological conditions is presented in the environmental
impact assessment report (pages 61 -72).

Fig. E.I. A map of Quaternary geology of Visaginas area (the scale of the original map is
1:50 000; for legend see Fig. E.2.; the data base of Lithuanian Geological Survey)
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Fig. E.2. Legend of the map of Quaternary geology (Fig. E.I.) and Geological corss-section C - C of
Visaginas environs (Fig. E.3.)

To describe the general geological situation of the area, a map of Quaternary geology of
Visaginas environs (Fig. E.I.) and geological section C-C' (Fig. E.3.) are presented. The scale of
this geological cartographical information is 1:50 000.
The terrain of Ignalina NPP environs characterized by small and medium-sized
hummocks formed during the Baltic stage of the last (the Nemunas) glaciation, on the edge of a
glacier, therefore the lithological composition of surface sediments is non-uniform. Till and
sandy till dominate, although most of the hummocks and swells are made up of sands of variable
grain-size. Depressions are filled with lacustrine sediments and nearly all are boggy (Fig. E.I.).
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The Quaternary strata in Ignalina NPP environs are composed of glacial sediments
(moraines) of six glaciers interstratified with glaciofluvial and glacio lacustrine deposits (Fig.
E.3.).
SV/NW
Ats. a. m / m

GEOLOGINIS PJUVIS

C-C

Origlnalus mastelis M
Original scale
M

1 : 50 000
1 :1000

Fig. E.3. Geological cross-section C-C* of Visaginas environs (for legend see Fig. E.2.)
Geomorphotogical conditions
Galilauke site is situated on an oblong flat-topped morainic hill situated -600 m from the
southwestern shore of Lake Druksiai. A marshy plain of a post-glacial lake stretches from the
foot of the hill to the lake shore. The hill rises 16-22 m above the plain and -8-12 m above the
depression between hummocks at the southwestern foot of the hill. The absolute elevation of the
hill decreases towards southeast from 163.8 to 150 m. The uppermost northwestern part of the
hill down to a depth of 3.6 m is composed of clayey-sandy siltstone whose boundaries of
occurrence on the surface coincide with the 160-m contour line. The data of deciphering of aerial
photographs indicate that the hill is of uniform structure. Special geological studies confirmed
that down to a depth of 25 m the hill is composed of till and sandy till of the last (the Nemunas)
and the last-but-one (Medininkai) glaciers. The hilly terrain of marginal glacier formations
northwest of the hill in question is of non-uniform structure.
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The structure and composition of Quaternary deposits
The depression stretching at the southwestern foot has been found to be of non-uniform
geological structure. Once boggy, now drained declensions at the southwestern foot are filled
with lacustrine deposits down to a depth of 1.5 m. These are strata of very-thin-layered siltstone,
clay and very-fine-grained sand with a peaty upper part to a depth of 0.6-1.0 m. Very finegrained sand lying in the lower part of the section is water-bearing. Lacustrine deposits overlie
the 4.4-m-thick till of Baltija stadial separated from the 3.3-m-thick Griida till by an interbed of
water-bearing sand ~1 m in thickness. Gruda till is underlain by a stratum of water-bearing sand
of variable grain size going back to Medininkai age. The foot of the northeastern slope is
composed of sandy till containing considerably more sand than the hill proper. The interbed of
water-bearing sand discovered at a depth of 5.8 m is an aquifer of Medininkai stadial. The
specific features of Quaternary geology of Galilauke site are shown in Figs. E.4.-E.6.
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Fig. E.4. Map of Quaternary geology of Galilauke site. [El] Age and genesis of deposits.
Holocene: 1 - marsh deposits, 2 - diluvial deposits, 3 - solifluctional-diluvial deposits, 4 lacustrine sediments; Nemunas glaciation, Baltija stadial: 5 - glaciolacustrine deposits of the ice
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24

Medininkai glaciation, 1 2 - intcrmorainic deposits; Lithology: 1 3 - very-fine-grained sand, 1 4 flne-grained sand, 15-sand of variable grain size, 1 6 - gravelly sand, 1 7 - silts tone, 1 8 - sandy
silty clay, 19 - clay, 20 - peat (type not identified), 21 - clayey and sandy till (on the map only), 22 till, 23 - sandy till; Other symbols: 24 -boreholes (a) drilled during the study, (b) drilled during
comprehensive geological cartography, 25 - line of geological cross-section

Geophysical studies
Field work of electric tomography (ET) was done in preliminarily selected sites for a
near-surface repository of radioactive waste on 4-7 May 2004 with the use of CAMPUS
Resistivity Imaging System. The method is used in solving all kinds of geological tasks, among
other things, for assessing the composition of the upper part of a geological section according to
changes in electric properties of deposits. The investigation at Galilauke site was conducted
along 7 profiles (Fig. E.7.). The data obtained in the course of the field work were processed and
interpreted with RES2DINV program.
1
The currently available geological data allow to maintain that tills lie in the upper part of
the section throughout Galilauke site. Only on the northwestern edge of profile 1, in the upper
part of the section, a lens of probably sandy deposits with higher resistances going down to a
depth of 5 m is discerned. Clayey deposits of low resistance dominate in the section. To give a
better idea of the geological composition of Galilauke site, a continuous 910-m-long profile
along the hill was compiled (Fig. E.8.).
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Seismicity
There are not any concrete data on seismological conditions of Galilauke site. On the basis
of the available data the design basis earthquake in the area of Ignalina NPP to which the site
belongs is assumed as grade 6 (on MSK-64 scale), and the maximum design basis earthquake as
grade 7 on the same scale. Given the tectonic conditions at Galilauke site situated south of
Ignalina NPP, the actual earthquake levels could only be lower.
Geotechnical conditions
The soils of the central part of Galilauke site were divided into individual geotechnical
strata by classifying them in accordance with DIN 18196. The values of grain-size distribution,
liquid limit and plasticity index WL presented in Table E.2. indicate that the glacial-lacustrine
lglllbl and morainic soils of marginal formations gtlllbl of Baltic stadial within the framework of
the classification used can be classified as clays of average plasticity, whereas morainic soils of
Gruda and Medininkai stadials can be considered to be of low plasticity.
The values of conic strength (qc) based on the data of static sounding were used as an
additional criterion for distinguishing geotechnical strata. The mean values of conic strength
given in Table E.I. confirm the necessity of adherence to genetic geotechnical boundaries when
distinguishing geotechnical strata. On this basis the values of geotechnical indicators are divided
into the following strata:
Table E. 1. Mean values of conk strength qc and deformation modulus E of soils at Galilauke site
Geological index
lglllbl
gtlllbl
gtlllgr

Soil
Medium-plastic clay
Medium-plastic till
Medium-plastic till

Iglllbl - medium- plastic clay; gtlllbl
gtlllmd - till of low plasticity.

qcmean, MPd

2.7
3.2
3.4

E,MPa
18.9
30.9
32.3

medium- plastic till; gtlllgr - till of low plasticity;
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Table E.2. Grain-size distribution and physical properties of soils at Galilaukė site
BH No.

Soil
Particle denGeolodensity, sity,
Depth,
gical
3
m
>2 2-0.06 0.06-0.002 < 0.002 mg/m Mmg/m
index
Grain-size distribution, %

No

1
1
2
3
4
5
6
7
8
9

2
5
5
5
5
5
5
5
5
5

10

5

11

5

12

5

13

5

14

5

15

5

16

5

17

5

3
1.3-1.8
1.8-2.2
3.0-3.5
4.0-4.4
5.0-5.5
6.5-6.8
7.0-7.3
8.2-8.6
9.0-9.4
10.410.9
11.712.2
13.213.7
14.715.2
16.216.7
17.718.2
19.319.5
19.920.4

Dry
density

Void
factor
V

mg/m3

3

10
P
2.17
2.18
2.18
2.14
2.10
2.17
2.16
2.14
2.19

Ps
11
1.85
1.87
1.85
1.82
1.77
1.87
1.83
1.79
1.88

e
12
0.49
0.46
0.48
0.49
0.51
0.45
0.48
0.52
0.44

Natural
moisture
Degree of Liquid
content
humidity limit,
(by
V
%
weight)
%
W
Sr
w,
13
14
15
17.20
0.97
38.40
16.70
0.99
36.50
17.70
39.70
1.01
17.50
0.97
36.90
18.70
0.98
42.80
16.20
0.98
37.10
18.20
1.03
38.70
19.50
42.70
1.02
16.30
1.00
33.40

Plastic
limit,
%

Plasti- Liquidicity
ty
Soil type ace. to DIN
index, index
18196
%

%

wP

16
17.00
16.60
17.40
15.80
18.40
16.20
16.20
18.30
13.90

IP
17
21.40
19.90
22.30
21.10
24.40
20.90
22.50
24.40
19.50

18
0.01
0.01
0.01
0.08
0.01
0.00
0.09
0.05
0.12

20
medium-plastic clay
medium-plastic clay
medium-plastic clay
medium-plastic clay
medium-plastic clay
medium-plastic clay
medium-plastic clay
medium-plastic clay
clay of low plasticity

k

5
0.0
0.7
0.1
0.4
1.8
1.4
0.7
0.4
0.4

6
3.80
17.90
14.60
22.60
14.00
25.10
23.10
20.90
29.30

7
76.80
61.80
63.00
57.20
63.80
49.80
55.50
55.30
48.10

8
19.40
19.60
22.30
19.80
20.40
23.70
20.70
23.40
22.20

p,s
9
2.75
2.73
2.75
2.72
2.68
2.71
2.71
2.72
2.71

gtlllgr 2.4

36.10

43.80

17.70

2.70

2.24

1.97

0.37

13.70

1.00

28.40

12.60

15.80

0.07

clay of low plasticity

gtlllgr 0.6

27.70

44.70

27.00

2.72

2.16

1.83

0.48

17.80

1.01

37.60

17.80

19.80

0.00

medium-plastic clay

gtlllgr 2.6

42.70

34.50

20.20

2.69

2.22

1.94

0.39

14.40

0.99

30.80

14.20

16.60

0.01

gtlllgr 3.4

38.30

37.40

20.90

2.70

2.20

1.91

0.41

14.90

0.98

30.80

14.80

16.00

0.01

gtlllgr

1.2

40.80

34.90

23.10

2.70

2.22

1.95

0.38

13.80

0.98

27.90

12.60

15.30

0.08

gtlllgr

1.3

26.30

52.40

20.00

2.68

2.19

1.92

0.39

13.80

0.95

27.00

13.00

14.00

0.06

gtlllgr

1.0

27.10

52.80

19.10

2.71

2.20

1.91

0.42

15.00

0.97

28.20

13.40

14.80

0.11

gtlllmd 1.8

24.50

50.00

23.70

2.72

2.20

1.92

0.41

14.30

0.95

30.20

13.80

16.40

0.03

4
lglllbl
lglllbl
lglllbl
lglllbl
gtlllbl
gtlllbl
gtlllbl
gtlllbl
gtlllgr

clay of low plasticity
clay of low plasticity
clay of low plasticity
clay of low plasticity
clay of low plasticity
clay of low plasticity

The data of geotechnical indicators for each distinguished geotechnical stratum are
presented with the mean value, the range of values, standard deviation, and variation coefficient
taken into account.
Statistical indicators of values of soils' physical properties are shown in Table E.5.
The range of variation of the mean values of soil density and void factor is low. Relatively
lower values of density and higher values of void factor are due to the higher amount of dusty and
clayey particles. This large amount of fine particles also leads to higher values of plasticity index,
liquid and plasticity limit. All the soils are fully water-saturated or nearly fully saturated. Semihard consistence is characteristic of all soil variations.
The lower layers of till (gtlllgr, gtlllmd) are characterized by somewhat higher density
and lower plasticity values.
The values of indicators of strength properties of the soils are presented in Table E.3. The
least squares technique was used for calculating the mean values. Typical values were calculated
for the one-sided confidence interval with confidence level a assumed at 0.95.
Table E.3. Mean and typical values of strength indicators c, and tgę and ę of soils at Galilaukė site

Geotechnical stratum

lglllbl
gtlllbl
gtlllgr
gtlllmd

Coefficient of internal
friction

Cohesion,
kPa
(--mean

tgCmean

CK

0.317
59
79
58
0.281
73
0.354
32
42
0.300*
67*
Note: Cmean-mean value; CK-typical value; * - 1 test

Angle of internal friction,0

tZVK

(Pmean

0.254
0.202
0.304
-

17.6
15.6
19.5
16.7*

14.3
11.4
16.9
-

The results show that most of the soils at the site have a fairly high mean value of
cohesion and a relatively low angle of internal friction. The tills of Grūda stadial (gtlllbl)
somewhat differ from the rest in a lower value of cohesion (cmean=42 kPa) and a higher angle of
internal friction (<pmean=19.5 °). The difference is mainly due to the amount of fine particles (<0.06
mm).
Deformation properties of soils were tested with compression techniques in compliance
with the methodology proposed by NGI. The initial loading was up to the over-consolidation
pressure recommended by A.W. Skempton [E5], and the deformation modulus was calculated
from the second loading curve. The deformation modulus was calculated in the range of second
loading pressures with the use of the primary compression line method (Table E.4.).
Table E. 4. Values of deformationmodulus of soils at Galilaukė site

Eng. -geological stratum

lglllbl
gtlllbl
gtlllgr
gtlllmd

Emin>

MPa

31
—
49
-

Emax, MPa

38
—
84
-

Emean, MPa

35
33
68
99

Number of tests
3
1
7
1

When soil samples were "reanimated" to over-consolidation pressure, the dependence of
deformation modulus on pressure became obvious in geologically older strata (gtlllgr, gtlllmd),
i.e. the deformation modulus increased considerably.
The data of static sounding generalized with the use of correlation relationships produced
appreciably lower values of deformation modulus.
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Table E.5. Statistical indicators of values of soils' physical properties at Galilaukė site
Natural
Dry
moisture Degree
Particle Soil
Engineering
Void
content,
of
geological Statistical density density density,
factor,
W,
%
humidity,
stratum
indicator
Ps,
Pi
A ,
e
(by
Sr
mg/cm Mg/cm Mg/cm
weight)
0.99
2.1A
2.17
1.85
0.48
17.28
Mean
1.87
0.49
17.70
1.01
Max
2.75
2.18
2.72
2.14
1.82
0.46
16.70
0.97
Min
Variation
lglllbl
0.01
0.01
0.03
0.03
0.019
0.01
coefficient
Standard
0.02
0.02
0.02
0.01
0.43
0.019
deviation
4
4
4
4
4
Amount
4
2.71
2.14
1.82
0.49
Mean
18.15
1.00
Max
2.72
2.17
1.87
0.52
19.50
1.03
Min
1.77
2.68
2.10
0.45
16.20
0.98
Variation
gtlllbl
0.01
0.01
0.02
0.06
0.08
0.03
coefficient
Standard
0.02
0.03
0.04
0.03
1.41
0.03
deviation
4
4
4
4
Amount
4
4
Mean
2.70
2.20
1.91
0.41
0.99
14.96
Max
2.72
2.24
1.97
0.48
17.80
1.01
Min
2.68
2.16
1.83
0.37
13.70
0.95
Variation
gtHlgr
0.001
0.01
0.02
0.09
0.10
0.02
coefficient
Standard
0.01
0.02
0.04
0.04
1.44
0.02
deviation
Amount
8
8
8
8
8
8
2.72
2.20
1.92
0.41
14.3
0.95
gtlllmd

Liquid Plastic Plasticity Liquidity
limit, limit, index, Ip, index, Ib
%
w % Wp.% %
h

37.88
39.70
36.50

16.70
17.40
15.80

21.18
22.30
19.90

0.03
0.08
0.01

0.04

0.04

0.05

1.27

1.47

0.68

0.99

0.04

4
40.33
42.80
37.10

4
17.28
18.40
16.20

4
23.05
24.40
20.90

4
0.04
0.09
0.00

0.07

0.07

0.07

1.10

2.88

1.24

1.69

0.04

4
30.51
37.60
27.00

4
14.04
17.80
12.60

4
16.48
19.80
14.00

4
0.06
0.12
0.00

0.12

0.12

0.13

0.81

3.54

1.71

2.11

0.05

8
16.40

8
0.03

8
8
30.20 13.80

The number of blows (20 cm) and dynamic conical strength (qd) determined during
dynamic sounding show that these parameters noticeably increase with depth.
The conducted tests of the soils' geotechnical properties and their generalization makes it
possible to recommend for further geotechnical solutions the following typical values of specific
weight, cohesion, angle of internal friction and deformation modulus identified in the course of
preliminary studies:
Stratum 1 (lglllbl) - yK=21,5 or 21,9 KN/m3, cK=59 kPa, cpK=14,3°, E=35 MPa;
Stratum 2 (gtlllbl) - yK=21,0 or 21,7 KN/m3, cK=59 kPa, cpK=ll,4°, E=33 MPa;
3
Stratum 3 (gtlllgr) - yK=21,8 or 22,2 KN/m , cK=32 kPa, cpK=17°, E=68 MPa.
Assessment of slope stability
The slope angle, strength properties of the slope soil mass, the overburden exerted by the
structure, and the seismic force are the factors determining slope stability in geotechnical
calculations.
All these factors were taken into consideration whilst assessing slope stability at Galilaukė
site. To this end, 3 characteristic geotechnical sections were compiled on a 1:500 scale [E2].
The position of identified geotechnical strata is shown in the sections. The outlines and
recommended embedment of the repository's building are also shown in the sections in
accordance with the recommendations submitted in June 2004 by UAB Krašto projektai. Based
on a topographical plan, scale 1:1000, natural angles of slopes were calculated in the sections. In
the northern part of section III-III (SZIŠL, SZ2§L and GR.SZ3ŠL) where the slope angle is the
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highest (a=18.4-19.3°), the slope stability was calculated with the use of Fellenius' cylindrical
slip method.
Given the embedment of the structures of the proposed repository which is at absolute
elevations of 155.9, 152.8 and 149.3 m in the western, central and eastern parts, respectively, it
can be maintained that the zone of additional stresses resulting from the overburden of structures
will not affect the natural slopes of the site.
The produced inventory of the slope geometry and the data presented in the compiled
sections indicate that in most cases the slope angle does not exceed 8-9.5°, and more often than
not is 5-7°. A portion of the slope in the northern part of section III-III where the slope angle is as
high as 18.4-19.3° is an exception. The slope stability of this portion was assessed individually.
The assessment of strength properties of the soils forming the slopes (the typical value of
cohesion is 59 kPa, and that of the angle of internal friction is in the range of 11.4-14.3°) enables
to maintain that the stability of these natural slopes is ensured.
The stability of the surface of the slope portion in the northern part of section III-III was
assessed with the Fellenius' cylindrical slip method widely used by the Reclamation Bureau of
U.S. from the following equation:

-b, -seca, +W, -cosa, -tgę)
,
n

(1)

where F is the slope stability coefficient; n is the number of vertically distinguishable
blocks; c is the typical value of cohesion in kPa; bj is the width of an individual block in m; ai is
the angle of the block floor; tgcp is the typical value of the coefficient of internal friction; W, is the
weight of a block in kN; c s is seismicity coefficient according to MSK-64 equal to 0.07; a< is the
distance from the block center to the contour line measured through the center of the arch of
cylindrical slip; and R is the radius of cylindrical surface in m.
The center of cylindrical slip surface ensuring the minimal value of slope stability was
established by means of N. Janbu's method.
The estimated value of the slope stability coefficient F=4.29. It shows that even in the
most unfavorable portion of the slope its stability is very high.
On the other hand, when assessing slope stability solifluctional processes affecting the
surface to a depth of 1-1.2 m need to be noted. The processes, however, will not affect the overall
stability of the slopes. Piping or erosion phenomena were not observed during the slope inventory.
Valuable geological properties and their suitability for the planned economic activities
According to the currently available information and data, the geological properties of
Galilaukė site and its environs are not too valuable. Groundwater is well protected against
potential contamination. Galilaukė site is characterized by the most uniform geological
composition and comprises a single morainic flat-topped hill 10-15 m in height, down to a depth
of 30 m composed of semi-hard till (in accordance with DIN 18196, clays of medium and low
plasticity), without any lenses or interbeds of sand (with the exception of the peripheral areas of
the site). The soils of the site are highly dense and stable, which makes it possible to forecast that
the slopes will remain stable. Large differences in the height of the terrain, clayey and loamy soils
as well as a system of drainage ditches create favorable conditions for surface runoff; the
tributaries to Lake Drūkšiai and the lake itself ensure fast surface runoff and its intense dilution.
Due to these reasons Galilaukė site is suitable for a near-surface repository of radioactive waste.
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Hydrogeological conditions
The general hydrogeological situation of the region in vertical section down to the uppermiddle-Devonian (the Šventoj i-Upninkai) aquifer has been described on the basis of previous
studies [El]. The description has been supplemented with the data of the studies conducted in
2004-2005.
In the area south of Lake Drūkšiai the ground water occurring in fissures and sandy
inclusions of the upper part of moraines is relatively high (i.e. near the ground surface) and in
terms of level fluctuations is similar to surface water. The water does not form a clear continuous
aquifer within morainic formations, although the studies being conducted indicate that the
morainic rocks are nearly fully water-saturated. Therefore the mechanism of transfer of aeration
zone moisture is characteristic of the continuous 15-20-m-thick masses of moraines having low
permeability, and the yield of wells and boreholes drilled in the upper layer of the moraines is
very low. Conditions of saturation zone with more intense seepage recharge are characteristic
only of sandy lenses and fissures that are drained by installed piezometers and observation wells.
If such fissures are connected to the surface and the filter interval of a well, water in the wells
rises rapidly as a result of massive seepage during heavy precipitation. This is characteristic of
higher individual ridges at Vosyliškės and Vilkaragis adjacent to Galilaukė site. Semi-confined
and confined aquifers lie dozens and more meters below the ground surface. Their safety is
virtually beyond any doubt.
Distinct aquifers with the typical ground water regime are only distinguished above the
moraines or in sandy-gravelly formations of their upper part. In this case water occurs 4-5 m
down from the ground surface (Vilkaragis site).
The conditions of ground water formation throughout the region are rather similar and are
dependent on the seepage recharge of ground water. The data of the studies of ground water
seepage recharge and the water budget estimates indicate that the seepage rate at Galilaukė site
ranges from 98 mm/year in the upper part of aeration zone to 14-32 mm/year in its lower part.
The upper portion of Quaternary deposits at Galilaukė site that formed during the retreat
of the last glacier hydrologically is not uniform. Alluvial, lacustrine and marsh deposits formed
during the post-glacial period. The lithological composition of surface formations determines the
seepage and strength properties of the soils. The lithological composition of the soils at the site
and in its environs is not diverse, with loamy and clayey soils lying on the surface down to a
depth of 10 m. Silty-gravelly sand lies in the Gulbinėlė valley and in depressions between hills. A
layer of peat that has subsided to a 7-m-thick layer following drainage overlies silty deposits in
the declensions between hummocks. A distinct shallow aquifer composed of gravelly sand lies
some 5 m below the surface west and northwest of Galilaukė site. It does not form a continuous
aquifer, and in the Gulbinėlė valley and declensions dissected by ditches in some places comes
onto the surface.
An aquitard up to 40 m in thickness composed of tills and sandy tills (glllgr, gllmd)
underlies the uppermost first slightly pervious layer (gtlllbl). Till (glllgr) outcrops on some slopes
of disturbed hills.
A continuous (at least within the site and its environs) semi-confined-confined aquifer
(lgllžm and fllžm) up to 10-m-thick composed of siltstone and variable sand underlies the first
aquitard. Its water level around the site ranges from 137.7 to 134.9 m and is lower than that of
Lake Drūkšiai (141.6 m).
An aquitard of 5-15-m-thick till and sandy till (gllžm) underlies the first continuous
aquifer (Fig. E.9.).
The strata overlying the semi-confined aquifer at Galilaukė site (stagnant moisture in the
mass of tills, flowing moisture, sandy material in filled lenses and fissures in the upper 2-3-mthick portion of the formation draining into ditches and marshes) have the following parameters:
thickness 30 m, density 2.2 g/cm3, void factor 0.25, coefficient of effective diffusion lxlO"6cm2/s,
seepage coefficient lxlO"5cm/s (conservative assessment).
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The semi-confmed-confined aquifer (lglizm and fllzm) at Galiiauke site has the following
parameters: thickness 10 m, density 2.2 g/cm3, void factor 0.3, seepage coefficient 2.5xlO"2, water
gradient 0.0008°, flow (Darcy) velocity 2.0x10"5 cm/s.
A pathway important from the viewpoint of water transfer is in the central part of the hill
(vertical transfer in the loam as aeration zone, and horizontal in the semi-confmed-confined
aquifer). The aquifer discharges into a well (a borehole drilled into ground water) 150 m away
from the proposed repository's vaults.
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Fig. E.9. Hydrogeological section of Galiiauke site and its environs compiled from the data
of a scale 1:50 000 geological survey and the studies conducted in 2003-4. Water levels: 1.
Ground water. 2. Semi-confined-confined aquifer. 3. Lake Druksiai
The conducted studies make it possible to draw up a conceptual hydrogeological model
mainly based on the data of the studies carried out at Galiiauke site since considerably more
studies were conducted at this site than at others. Ground-water flows of three levels associated
with the repository's environs can be distinguished with the use of this model. The flows of level
one that form in diluvial sediments run into the overlying sandy and peaty formations, and drain
into local ditches and rivulets. This drainage system is highly dependent on the terrain and
drainage conditions.
The system of level two flows forms in thin sandy inclusions lying at a depth of several
meters. It ought to be drained by the main streams, the Gulbinele and Druksa, in the case of
Galiiauke. The available data indicate the absence of this system with lateral flow in the central
portion of the hill. However, a system of moderate fissures stretches in the hill's central part in
which water moves only downwards. Level-three system of flows covering a large area of the site
is the semi-confined-confined aquifer flowing towards Lake Druksiai.
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Observations of ground-water levels
Ground-water levels were observed at eight observation points within Galilauke site (Fig.
E.10.) three times a month on the average. The observation period lasted from December 2004 to
September 2005. The preliminary data of the previously conducted studies are presented in the
working report [E2]. The data on ground-water levels from the ground surface and in absolute
elevations are summed up in Tables E.6.-E.7. The data have also been analyzed in diagrams
covering all the collected results (Figs. E.10.-E.18.). The data have also been analyzed
statistically.

• 2003 prospecting BH
BH of previous studies
O temporary piezometer
• con BH also used as observation
well or piezometer
• observation well
• prospecting BH of previous studies
|, ) radwaste repository
/ , ' line of geological section
A / drainage ditch
K 10 basin
K 2 basin
wttlands
300

300

600

Meters

Fig. E. 10. Observation wells at Galilauke site
Several groups of wells can be distinguished at Galilauke site in terms of the character of
changes in ground-water levels: those on the northern slope of the hill (BHs 2/s and 6); those on
the southern slope (BHs 7, 8 and 1/s); BH 9, and those in the central part of the hill (BHs 5 and
5a).
The highest level of ground water with respect to the ground surface in borehole 2/s was
observed on 13 May 2005 (0.1 m), and the lowest (3.76 m) on 8 October 2004; the average water
level throughout the observation period was 1.68 m. and the standard deviation was 1.0 m. The
highest and lowest water level in borehole 6 (0.1 and 3.15 m, respectively) was recorded on 2
November 2004 and 8 October 2004; the average water level throughout the observation period
was 1.14 m, and the standard deviation was 1.0 m.
The water level changed most simultaneously in boreholes 7, 8 and 1/s drilled into the
southern slope of the hill, in the same drainage sub-basin. Throughout the observation period the
highest level was observed on 13 May 2005, and was 1.55, 1.64, and 1.0 m from the ground
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surface in BHs 7, 8 and 1/s, respectively. The lowest level in the same boreholes was recorded on
16 October 2004 (2.87, 3.01 and 2.09 m from the ground surface). The average values of the
water level were 1.55, 1.64 and 1.0 m, and standard deviations were 0.7, 0.8 and 0.6 m,
respectively.
Water level reacts very promptly to precipitation in the wells drilled in the central part of
the hill, as these boreholes, especially in their upper part, drain fissures in sandy soils close to the
borehole shaft. Besides, these wells were pumped out on a regular basis (three distinct drops of
water level are seen in the diagrams), therefore they are not suitable for statistical analysis, as
their water level regime was distorted. After several weeks later the water level fully returned to
the normal state, in boreholes 5 and 5a it mostly fluctuated at depths of 0.07-2.0 m from the
ground surface.
In well 9 drilled into a semi-confined aquifer, water level fluctuated between 1.62 and 5.45
m from the ground surface. The phases of changes, however, were considerably longer in
comparison with other boreholes. All the boreholes reflected a sudden increase in ground water
level due to the showers in early August of 2005.
Table E. 6. Water level from the ground surface
in boreholes at Galilaukė site, m.
BH7
BH2/s BH9
BH5
BH5a BH6
Date

BH8

BH 1/s

14 Dec. 2004

0.97

4.08

0.34

0.40

0.25

0.87

0.93

0.48

25 Dec. 2004

1.35

3.96

0.57

0.45

0.23

1.06

1.38

0.60

7 Jan. 2005

0.75

3.76

0.07

0.28

0.12

0.68

0.50

13 Jan. 2005

0.48

3.31

0.07

0.28

0.12

0.78

0.50

0.22
0.27

29 Jan. 2005

0.94

3.25

0.79

0.54

0.38

1.28

0.76

12 Feb. 2005

1.11

3.40

0.93

0.63

0.79

1.16
1.33

1.50

0.90

26 Feb. 2005

1.30

3.58

1.04

0.72

0.84

1.49

1.72

1.02

12 March 2005

1.37

3.71

1.13

0.78

1.20

1.60

1.86

26 March 2005

0.80

3.78

0.65

0.51

0.22

0.93

0.87

1.09
0.29

10 Apr. 2005

0.35

2.71

0.09

0.45

0.29

0.96

0.88

0.41

25 Apr. 2005

0.69

2.70

0.37

0.45

0.42

1.04

1.12

0.70

3 May 2005

0.67

2.82

0.67

0.56

0.68

1.27

1.42

0.87

13 May 2005

0.10

0.07

0.23

0.14

0.07

0.33

0.25

0.29
0.32

0.18

21 May 2005

1.66
1.62

0.85

28 May 2005

0.55

1.95

0.55

0.48

0.29
0.66

1.11

0.47
0.87

0.34
0.64

8 June 2005

0.44

2.22

0.27

0.52

0.37

1.14

0.74

0.51

16 June 2005

0.69

2.34

0.40

0.49

0.63

1.25

1.03

0.74

6 July 2005

1.64

2.89

2.16

1.02

1.73

1.79

1.61

1.17

21 July 2005

2.03

3.14

1.86

1.10

1.91

2.03

1.78

0.98

31 July 2005

2.32

3.44

2.12

1.18

3 Aug. 2005

2.42

3.51

2.19

2.14
2.18

2.00
2.05

1.14
1.21

10 Aug. 2005

0.53

3.15

0.87

1.21
0.96

2.17
2.24
0.32

18 Aug. 2005

1.21

3.17

1.02

0.64

0.55

0.40
1.00

0.28
0.99

0.18
0.57

24 Aug. 2005

1.61

2.95

1.34

0.67

2 Sept. 2005

1.93

3.17

1.80

0.80

1.12
1.59

1.25
1.57

1.30
1.62

0.87
1.10
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Table E. 7. Water level in boreholest Galilaukė
at
site in absolute elevations, m a.s.1.

BH9
BH5
156.24
157.43 155.10
157.05 155.22 156.01
157.65 155.42 156.51
157.92 155.87 156.51
157.46 155.93 155.79
157.29 155.78 155.65
157.10 155.60 155.54
157.03 155.47 155.45
157.6 155.40 155.93
158.05 156.47 156.49
157.71 156.48 156.21
157.73 156.36 155.91
158.30 157.52 156.51
158.07 157.56 156.33
157.85 157.23 156.03
157.96 156.96 156.31
157.71 156.84 156.18
156.76 156.29 154.42
156.37 156.04 154.72
156.08 155.74 154.46
155.98 155.67 154.39
157.87 156.03 155.71
157.19 156.01 155.56
156.79 156.23 155.24
156.47 156.01 154.78

BH2/s

Date

14 Dec. 2004
25 Dec. 2004
7 Jan. 2005
13 Jan. 2005
29 Jan. 2005
12 Feb. 2005
26 Feb. 2005
12 March 2005
26 March 2005
10 Apr. 2005
25 Apr. 2005
3 May 2005
13 May 2005
21 May 2005
28 May 2005
8 June 2005
16 June 2005
6 July 2005
21 July 2005
31 July 2005
3 Aug. 2005
10 Aug. 2005
18 Aug. 2005
24 Aug. 2005
2 Sept. 2005

BH2\i

BH6
156.09 149.85
156.04 149.87
156.21 149.98
156.21 149.98
155.95 149.72
155.86 149.31
155.77 149.26
155.71 148.90
155.98 149.88
156.04 149.81
156.04 149.68
155.93 149.42
156.20 149.92
156.17 149.81
156.01 149.44
155.97 149.73
156.00 149.47
155.47 148.37
155.39 148.19
155.31 147.93
155.28 147.86
155.53 149.78
155.85 149.55
155.82 148.98
155.69 148.51

BH5a

BH7
BH8
152.75 155.83
152.56 155.38
152.94 156.26
152.84 156.26
152.46 155.48
152.29 155.26
152.13 155.04
152.02 154.90
152.69 155.89
152.66 155.88
152.58 155.64
152.35 155.34
153.39 156.62
152.77 156.29
152.51 155.89
152.48 156.02
152.37 155.73
151.83 155.15
151.59 154.98
151.48 154.76
151.44 154.71
153.22 156.48
152.62 155.77
152.37 155.46
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Fig. E. 11. Changes in ground water levels as measured
from ground surface and in absolute elevations in
borehole 2/s in 2004-5
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Fig. E.12. Changes in ground water levels as measured from
ground surface and in absolute elevations in borehole 6 in 2004-5
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Fig. E. 13. Changes in ground water levels as measured from
ground surface and in absolute elevations in borehole 7 in 2004-5
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Fig. E.14. Changes in ground water levels as measured from
ground surface and in absolute elevations in borehole 8 in 2004-5
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Fig. E.I 5. Changes in ground water levels as measured from
ground surface and in absolute elevations in borehole 1/s in 2004-5
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Fig. E.I6. Changes in ground water levels as measured from
ground surface and in absolute elevations in borehole 9 in 2004-5
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Fig. E.I7. Changes in ground water levels as measured from ground
surface and in absolute elevations in borehole 5 in 2004-5 (maximal
drops due to pumping)
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Fig. E.I8. Changes in ground water levels as measured from
ground surface and in absolute elevations in borehole 5a in 2004-5
(maximal drops due to pumping)

APVARDAI SITE
Peculiarities of geological structure
Geomorphological conditions. Apvardai site comprises a mass of small, low morainic hills
surrounded on the west and east by flat-bottomed, once boggy but by now drained declensions.
The terrain descends towards the floor of Lake Apvardai from 148-147 to 144 m a.s.l.
Quaternary deposits. According to the data of geological studies, glaciolacustrine deposits
of the Baltija stadial of the last glacier composed of sand of variable grain size (with mediumsize-grained sand prevailing), lie in the declensions at Apvardai site, in some places to a depth of
as much as 8-10 m (Fig. E.19.). They are underlain by an enriched moraine of the Medininkai
stadial of middle Pleistocene (gllmd) with abundant sand inclusions. The surface of the main hill
is rough. The data of drilling conducted by UAB Grota show that the geological section is
composed of moraines of Baltija and Grūda stadials of the most recent glacier overlying
glaciofluvial and glacial (moraine) formations of the penultimate glacier of Medininkai stadial.
Some hills in the mass are of kame type, and down to 2-5 m are made up of sandy till with sandy
veins of lighter composition and lenses of till.
The geological structure of Apvardai site in comparison with that of Galilaukė site is much
more complex and non-uniform.
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Fig. E.I9. Map of Quaternary geology of Apvardai site. Age and genesis of
deposits. Holocene: I - marsh deposits, 2 - diluvial deposits. 3 - solifluctional
deposits, 4 - lacustrine sediments; Baltija stadial of the Nemunas glaciation: 5 glaciolacustrine deposits, 6 - kame deposits. 7 - ice-marginal deposits (till);
Lithology: 8 - lowmoor bog peat, 9 - peat (type not identified), 1 0 - very finegrained sand, 1 1 - fine-grained sand, 1 2 - sand of variable grain size, 1 3 gravelly sand, 14 -till and sandy till, 15 - fill (clayey, peaty sand of variable grain
size with organic matter); Other symbols: 1 6 - boreholes, 1 7 - boundaries of
Apvardai site
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Geophysical studies at Apvardai site
Studies employing electric tomography at Apvardai site were conducted along two
profiles (Fig. E.20.) with the use of CAMPUS Resistivity Imaging System.
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Fig. E.20. Geophysical profiles at Apvardai site

Judging from geolelectric profiles of Apvardai site (Fig. E.21.), the situation is somewhat
different there than at Galilauke site. At Apvardai site more sandy deposits having higher
resistances lie in both profiles. A lens of sand and gravel is distinguishable on the northern edge
of profile 2.
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Fig. E.21. Ceolectric models with topography along profiles 1 and 2 (for profile lines see Fig.
E.20.) at Apvardai site

Seismicity
There are not any concrete data on seismological conditions of Apvardai site. On the basis
of the available data the design basis earthquake in the area of Ignalina NPP to which the site
belongs is assumed as grade 6 (on MSK-64 scale), and the maximum design basis earthquake as
grade 7 on the same scale. Given the tectonic conditions at Apvardai site situated south of
Ignalina NPP, the actual earthquake levels could only be lower.
Geotechnical conditions
Large differences in the height of the terrain, loamy soils and flowing drainage ditches
create favorable conditions for prompt surface runoff. However, the closed drainage ditch on the
northeastern edge and scattered patches of sandy loam soils reduce the rate of slope runoff and
increase the potential seepage of surface water. Lake Apvardai in the vicinity of the site is
conducive to fast surface runoff. Morainic terrain with small hills is characteristic of Apvardai site
which on the west and east is surrounded by drained flat-bottomed declensions. Down to a depth
of 3-5 m the site area is composed of till or sandy till. Further down, the section is non-uniform.
Lenses and interbeds of sand of variable grain size and gravelly sand 3-5 m in thickness are found
in the moraine. Surface declensions are boggy; in some peat is 1-3 m thick. Ground water occurs
at a depth of 0.5-3 m within the site area. The aeration zone is composed of till and sandy till. The
hills inside the perimeter of the site are made up of sandy till with sandy veins of lighter
composition and lenses of till. The upper- middle-Devonian aquifer that is now being exploited is
protected against surface pollution in the site's eastern and relatively protected in its western part.
No geological processes are taking place within the site area. Although the geotechnical
conditions as a whole are favorable for construction of a repository, attention must be drawn to
the fact that when the foundations of engineering structures are being embedded below the
ground-water level during the construction, the water level will have to be lowered. The
preliminary assessment of physical-mechanical properties of the soils and the data of static
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sounding indicate that the soils at Apvardai site are of high density and hard plasticity, which
makes it possible to forecast long-term stability of the slopes.
According to the currently available information and data, the geological properties of the
site under consideration and its environs are not too valuable.
The geological section of Apvardai site is non-uniform. The site surface is composed of
dense, stable till and sandy till with sand interbeds. Large differences in the height of the terrain,
loamy soils and flowing drainage ditches create favorable conditions for prompt surface runoff.
Therefore Apvardai site is suitable for a near-surface repository of low- and intermediate-level
radioactive waste. However, the ground-water level at the site more often than not is at a depth of
0.5-3 m, which makes it less suitable than Galilaukė site.
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APPENDIX F. PRELIMINARY CHARACTERIZATION OF
STABATIŠKĖ SITE

PRELIMINARY CHARACTERIZATION OF STABATISKE SITE
Prepared by: J. Taminskas. J. Mazeika, A. Zuzevicius, R. Linkeviciene',
R. Guobyte, J. Satkunas, R. Kanopiene, N. Seirys, A. Abromaviciute'
The site under consideration is in Visaginas area whose peculiarities of geological
structure are described in the report on previous work [Fl]. A map of Quaternary geology of
Visaginas area and geological section C-C presented in Appendix E will help to understand the
general geological situation of the area. The scale of this geological cartographic information is
1:50,000.
I
Detailed geological and geomorphological studies of Stabatiskes site were carried out in
the following stages:
• Deciphering of aerial photography data. In the beginning, large-scale aerial
photographs of 1952, showing the surface of the area overgrown with forest and
unchanged by man, were deciphered (Fig. F.I.). On the basis of deciphering, Quaternary
geology maps of the area were compiled to a scale of 1:10,000.
• Field observations. The lithological composition of the surface deposits was
examined by drilling 1-m-deep holes with a manual bore (5 holes).
• Preliminary drilling. Three 20-m-deep boreholes were drilled with an auger drill at
Stabatiskes site after the sites was examined and its geomorphological conditions, terrain
and hydrography were assessed [F2].

Fig. F.I. A 1952 aerial photograph covering Stabatiskes, Vilkaragis and Dmksiniai sites (the
archive of the Lithuanian Geological Survey)
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StabatiSkes site comprises a cluster of concentric hummocks that is very distinctly seen
when analyzing under stereoscope aerial photographs of 1952 (Fig. F.I). The relative height of
hummocks above the depressions surrounding them is 6-9 m (Fig. F.2.).
The surface of the site's main morainic hill that extends in the south-north direction and is
convex on the western side lowers towards the south from 157.9 to 152 m a.s.l. The hummock
surface is covered with a 0.5-1.4-m-thick layer of fine yellowish sand (Figs. F.3. and FA). The
thickness of the layer of sandy till of which the hill is composed ranges from 9 m in the tallest part
to 4 m in the lowest southern portion. The sandy till is brownish and coarse in the layer's upper
portion, and brown and fine (i.e. containing more till) further down. This is a glacier edge moraine
of the Baltic stage that has a fairly variable lithological composition. A lens of dry yellow fine
sand was drilled at the bottom of the moraine layer in borehole 1 (Fig. F.4.).
A smaller hummock adjacent to the main hill in the southeast is but 5 m high. Its
uppermost 9.7-m-thick part is composed of sandy till that turns into till in the bottom part of the
stratum (see section of borehole 3 in Fig. F.4.).

Fig. F.2. A 1998 aerial photograph of Skabatiskes area with topographical layer on top
The eastern hummock of the site is composed of sandy till. The eastern and western hills
are connected by a swell-shaped sandy bank whose surface down to 2-3 m is composed of sand of
variable grain size. The bank reminds of an esker, however, more detailed studies are necessary to
establish its origin more accurately.
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The depression between the hummocks is formed by a 2-3-m-thick silty sand of lacustrine
origin. The lowest portions of the depressions are wet and boggy.
The depressions between hummocks that have not turned boggy form shallow valleyshaped hollows in whose bottoms sediments of solifluctional-deluvial type are found, more often
than not sand of variable grain size. The surface moraine in the area under consideration is
underlain by 20-odd-meter-thick strata of sandy deposits. The upper part of the strata is composed
of glaciofluvial and limnoglacial deposits of the last glacier, and the lower part of limnoglacial
deposits of Medininkai age (Fig. F.3.). These strata of sandy sediments overlie a moraine of
Medininkai age whose roof at the site is at an absolute elevation of 124 m.
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Fig. F.3. A map of Quaternary geology of Stabatiskes area (for legend see Fig. E.2. in Appendix E)
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Geotechnical conditions
Stabatiškė site is 1100 m south of the building of Unit 2 of Ignalina NPP, between the
main access road and railway. Holocene lacustrine sandy, silty sandy (1IV), deluvial clayey (dIV)
sediments, bog peat (blV), sandy deposits of the edge formations of the most recent glaciation
(ftlll bl; flllbl), glaciofluvial and morainic (gtlllbl) sediments form the surface of the site. Part of
the site is boggy, overgrown with bushes and forest. The ground water level is close to the ground
surface and only in rises is some 2 m deep. Semi-confined underground water occurs in
glaciofluvial gravelly sand, at a depth of 5.5-10.5 m where it fills a morainic hollow. The water
level in this layer rises from 10 cm to 2.5 m above its roof. A borehole (No. 29155) drilled near
the site's southern boundary in the course of previous studies revealed that organogenic
compressible soils (peat and sapropel) form a 3.3-m-thick layer. A similar layer of peat can be
expected in the swamp situated in the central part of the site. In a borehole (No. 34329) drilled
near the western boundary of the site the Quaternary strata are composed of morainic sediments,
although sand lies at a depth of 3-7 m. Physical-mechanical properties of soils depend on the
genesis of sediments, their grain-size distribution and water content. The maximum inclination of
slopes within the site is 7° (in the SE part), with inclinations of approximately 5° predominant.
Unfavorable geological processes (slope erosion) are not developed on the slopes; bogging
process is taking place in the depression in the site's central part.
Table F. 1. Generalized physical-mechanical properties of soils at Stabatiškė site

E, Mpa

p, Mg/m3

b IV (peat)

0.6

1.04

1 IV (fine sand)
gt III bl (light sandy till)
gt III bl (heavy sandy till)
fill bl (dusty)
fill bl (fine)
f III bl (medium-coarse)
g III gr (heavy till)
f III gr-bl (coarse sand)

12
18
46
14
30
40
31
46

1.7
2.16
2.18
1.89
1.7
2.09
2.24
2.07

c, MPa

Index, lithology

0.028

21

0.035

26
32
34
29

II

Note
Extremely
compressible
weak

0.58
0.25

0.058

strong

The main geotechnical problem throughout the site is that of the risk of the dusty sand
attenuating under dynamic loads. Therefore in the course of future studies this property of dusty
soils must be studied in detail. Physical-mechanical properties of the surface deposits of the site
preliminarily can be viewed as suitable for constructing a near-surface repository for radioactive
waste. Locally occurring marsh soils (peat) are extremely compressible and not suitable as
foundations for buildings. The depth of occurrence of the uppermost ground water has not been
assessed in sufficient detail.
Conditions of surface runoff
General hydrographic situation
Stabatiškė site
radioactive waste is in
(Lake Drūkšiai —> the
Daugava —> Riga Bay

for the construction of a repository for low- and intermediate-level
the direct basin of Lake Drūkšiai which belongs to the Daugava basin
Prorva -> the Drūkša (the Drisviata in Belarus) —• the Dysna —> the
of the Baltic Sea). The Richanka, Drūkša (Apyvardė), Smalva, Gulbine,
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Gulbinėlė and another six nameless streams fall into Lake Drūkšiai, and the Prorva flows out of it.
The regulated nameless streams drain the site under consideration and its environs.
The hydrogparhic network and runoff conditions of Lake Drūkšiai basin underwent
significant changes in the 20th century. The hydrographic network was changed most on the SW
shore where the site under consideration is located in the course of the construction of Ignalina
NPP. The areas due to be built up were drained, surface drainage was replaced with underground
drainage, the direction of surface runoff was reversed in some places. As a result of modification
of natural drainage, intermittent or permanent lakelets formed in some boggy hollows. In other
places such lakelets formed because of beavers' dams. Part of the drainage systems draining the
site's area are of satisfactory or poor condition: there are numerous ditches that have not been
cleaned, water is accumulating in some depressions because the drainage system is functioning
inadequately.
The rate of flow of Lake Drūkšiai basin is 7.5 1/s/km2 (Table F.2.). In terms of the drainage
system ground water slopes towards Lake Drūkšiai. The rate of ground water flow is 2-3 1/s/km2
[F3]. As the climate is relatively continental, spring floods account for 45-60% of surface runoff
in the area [F4]. Although the annual exchange of water in Lake Drūkšiai is only 29%, the large
volume of water in the lake is favorable for dilution of flow.
Continuous hydrometric observations are necessary in order to assess in more detail the
hydrological parameters of the site intended for the repository of short-lived radioactive waste and
their changes.
Table F.2. Hydrological characteristics of the southern part of Lake Drūkšiai basin (based on ĮF3J)

Average annual flow in 1/s/km2
Minimal rate of runoff of the cold season in 1/s/km2
Minimal rate of runoff of the warm season in 1/s/km2
Rate of runoff in wintertime in 1/s/km2
Rate of runoff in summer and fall in 1/s/km2
Average height of spring flood runoff in mm
Average height of spring flood runoff of 1% probability in mm

7.5
3.3
2.5
5.5
4.7
75
137

Stabatiškė site is located on 5-7-m-high hummocks surrounded by boggy depressions. The
excess water that accumulates in the marshes and depressions between hummocks flows along
two streams into Lake Drūkšiai. The northern portion of the site is drained by a ditch dammed by
beavers in several places. Water flows from inundated marshes eastwards along this ditch. A pond
4.35 ha in area has formed on the northwestern edge of the site as a result of the modifications of
the drainage system. A stream flowing from it carries its water through two dammed lakelets, 0.88
and 3.25 ha in area. Water flows northwards from the picturesque lakelet that has formed on the
northeastern edge; after merging with the ditches that drain nearly all of the area of Ignalina NPP,
at the mouth of the escape canal it flows into Lake Drūkšiai. In an effort to drain the lakelet in the
northwestern part of the site, it was connected with the closed drainage system that dissects the
area further north in SW-NE direction. The lakelet was not drained completely, but its water level
was reduced by ~1 m.
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Fig. F.5. Hydrographic network of Stabatiske site during floods and freshets
A nameless stream flowing towards SE drains the central and southern part of the site. It
collects excess water from most of the marshes surrounding the site. On 12 May 2005 the flow of
the stream was approximately 150 1/s. The stream flows into Saskiai cove of Lake Druksiai.
The drainage of Stabatiske site is complicated by changes in ditches made by man and by
beavers' dams. Water can rise by as much as 2 m in boggy depressions, and the resulting lakelets
in the SW part of the site occupy an area of some 9 ha (Fig. F.5.). During freshets and floods
caused by snowmelt, the inundated area may increase by another 50% or so.
Hydrogeological conditions
In the course of preliminary studies hydrological conditions were characterized on the
basis of the main geological section of Quaternary deposits of the site and on the data of newly
drilled three boreholes.
The main specific hydrological features of Stabatiskes site are as follows:
• A thin (0.5-1.5m) layer of glaciofluvial sand lies at the surface in many places.
Ground water in it accumulates only seasonally, with the exception of the lowermost
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poorly drained places. The layer as a whole is drained by local boggy depressions. Surface
water from these depressions eventually reaches Lake Drūkšiai.
• The first continuous semi-confined aquifer is overlain by 5-9-m-thick strata of
sandy till and till. The aquifer is some 20-25-m-thick and is composed of sand of variable
grain size. A continuous layer of low permeability lies below beginning with an elevation
of 124 m a.s.l. Water is at a depth of 5-10 m (at absolute elevations of 149.99-147.04 m;
the long-term water level in Lake Drūkšiai is 141.6 m). The aquifer has little connection
with the boggy local depressions; it is drained to larger extent by Lake Drūkšiai. The
conditions of underground recharge and drainage are relatively constant owing to good
seepage properties of the aquifer and constant drainage contour of Lake Drūkšiai.
Therefore water level fluctuations at the site ought to be negligible. The permeability
coefficient values of the aquifer, depending on the grain-size distribution of sand, range
from 2.8 to 42.5 m/day, and the flow gradient is 0.009-0.01. Hydrogeological conditions
are easy to identify, characterize and schematize.
Hydrological observations were begun at Stabatiškė site. Generalized data of short-term
observations show that 39.6 mm of water flowed out of the site (the catchment area is 2.41 km2)
over the observation period. If this value were assumed as average, the annual amount of runoff
from Stabatiškė site would be 195.7 mm. However, considering wide variation of the data, the
runoff value needs to be specified after data of a longer period of observations have been
collected. Groundwater runoff amounted only to 0.6 mm over the observation period (or 3
mm/year), and seepage flow was 1.1 mm (or 4.3 mm/year). The overall seepage would thus
amount to 7.3 mm/year. However, these indicators are very rough and need to be specified after
data of a longer period have been collected and generalized. The value of seepage recharge
estimated from the maximum activity concentration of tritium in the aeration zone is 222 mm/yr.
Negligible changes in groundwater levels were characteristic of Stabatiškė. It testifies that
the conditions of underground recharge and drainage are relatively constant owing to good
seepage properties of the aquifer overlain by a layer of deposits of very low permeability and the
constant drainage contour of Lake Drūkšiai. The average water level throughout the observation
period in borehole 2k was 5.53 m from the ground surface, and the standard deviation was 0.18.
In borehole 3k the average water level throughout the observation period was 5.70 m, and the
standard deviation was 0.09. Judging from the values of standard deviation, water level
fluctuations in all the wells are negligible.
5
4
Hydraulic conductivity of pervious rocks at Stabatiškė site ranges from 3.2" to 4.9" m/s,
5
8
and that of rocks of low permeability ranges from 8.8" to 9.5' m/s.
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APPENDIX G NSR PERFORMANCE

GEODEVELOPMENT AB
IDEON RESEARCH PARK
SE-22370 LUND

PERFORMANCE ANALYSIS OF THE LITHUANIAN NSR

General
The waste isolation capacity of the NSR depends on the performance of the engineered
barriers, of which the top cover, consisting of a double liner system, is of particular importance.
The local soil is the upper liner, the boulders above serving as an erosion-resisting drainage layer,
while the clay is the lower liner with the sand and silt layers on the upside and lower side serving
as a combined drainage and protection against particle transport from the clay. The geometry is a
regular triangle with a 60 m base (30 m on each side of the top) and the slopes of the surface as
well as of the upper and the lower drainage layer of the top cover are 17°.
The top cover components are listed in Table 1 showing the physical constants:
Table 1. Top layer components of the NSR
Thick- Texture
ness
Organic,
Vegetation
0.2 m
root-rich
layer, bushes,
grass
Boulder
0.5 m
Boulders
Loam
2.0 m
Local soil
Sand
1.0 m
Sand
0.1
m
Silt
Silt
Clay
0.3 m
Clay
Silt/sand
0.1m
Silt/sand
0.5 m
Concrete
cells*

Layer

Porosity

K(m/s)

0.9

1E-2

0.4
0.35
0.45
0.45
0.25
0.45
0.3

1E-1
1E-7
1E-3
1E-4
1E-10
1E-4
>E-4

High value selected so that the concrete roof does not perform as an obstacle to percolation

Water saturation of the top liner
Before percolation of the top layer can start the clay layer must be fully water saturated
and the rate of saturation is hence of great importance. It can be predicted by referring to
laboratory and field investigations in which soil layers with similar clay contents and
compositions as the Triassic clay type B or C, which is intended to be used. This material has a
smectite content of about 10 % and the following geotechnical properties for the intended dry
density 1750 kg/m3 (2150 kg/m3 after saturation), [1]:
1. Hydraulic conductivity E-10 m/s
2. Swelling pressure 100 kPa
3. Shear strength= product of swelling pressure and the friction angle 32° [2]
The rate of water saturation depends on the access to water from the overburden and a
conservative assumption is that water is constantly available at the upper boundary of the clay
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layer. The process is controlled by diffusion and it can be assumed that the diffusion constant is
comparable to that of the German illite/smectite mixed-layer FIM clay, i.e. about 3E-10 m2/s
(Figure 1).

Water content distribution after 240 days

20

15
o 10
u

n

5

2

4

Centimeters from "wet" end

Figure 1. Comparison of predicted and measured water content of FIM (Friedland) clay
with 1900 kg/m3 dry density and an initial water content of about 8 % after 3A of a year. The
smooth curve represents prediction with D=3E-10 m2/s and the irregular one the
experimental data.
Using the diffusion coefficient 3E-10 m2/s one finds that a clay layer with 0.3 m thickness
will require at least 25 years to be completely water saturated. In practice, the time to reach this
state may be more than a hundred years because of the varying access to water considering
desiccation, winter conditions with frozen overburden etc.

Percolation of the top liner
Making the conservative assumption that the clay layer becomes fully water saturated
immediately after its placement on the NSR one can calculate the percolation rate of the system.
This has been made by use of the code HELP and applying the data in Table 1 the results are
those compiled in Figure 2 and Table 2.
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Figure 2. Compilation of data from the calculation of percolation of the NSR top cover
including the leakage into the concrete vaults (bunker), cf. Table 2.
Table 2. Average annular water balance of the NSR in mm assuming that all the layers and
the concrete vaults were water saturated from start (Klaus Berger).
Balance components
Precipitation

Annular average
792

Surface runoff
Potential evapotranspi ration
Actual evapotranspiration
Lateral drainage of upper part, i.e.
boulders and local soil
Percolation through upper part
Lateral drainage of lower part,
clay with silt layers
Percolation of lower part=leakage
into concrete bunker

46
913
489
228

Remarks
Mean average
temperature 5.78°C
98%

29
26
3

The calculation shows that the annual inflow of water into the concrete vaults would be 3
liters per square meter horizontal area of their roofs assuming that the concrete has a hydraulic
conductivity of E-4 m/s. In practice, intact concrete has a conductivity of less than E-13 m/s
meaning that water passing through the top cover will not flow into and through the vault roof but
be discharged laterally through the silt layer below the clay layer. The piezometric pressure in this
layer may occasionally correspond to the surface of the top cover and hence to 3.8 m water head
(38 kPa). Taking this pressure as a basis of a calculation of how much water will percolate the 0.5
m thick concrete roof, one finds, using Darcy's law, that it will be less than 3 milliliters per year
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and square meter. In 300 years it will amount to 1 liter, which is much less than is required to fill
the open voids in the space containing nuclear waste. Since the concrete will undergo some
weathering by which fine fissures can develop it is wise to assume that the conductivity of the
concrete roof is up to a hundred times higher, i.e. E-l 1 m/s, which speeds up the water saturation
of the interior of the bunker but the resulting inflow of 100 liters in 300 years will still not fill up
the voids. The water pressure on the floor of the bunker will therefore be low and practically no
water will flow through it in this period of time.

Geotechnical performance (stress/strain)
The geotechnical performance of the engineered barriers is of significance because it is
required that the layers making up the top liner remain sufficiently homogeneous and coherent to
maintain the isolating capacity for at least 300 years. The most important requirement is that the
clay layer remains intact, which requires that its expandability and self-sealing ability are
preserved. A primary request is that the slope stability factor (tan<))/tana, where <) is the friction
angle and a the slope angle) exceeds 1.5, which is the case since (tan32/tanl7)=2.0.
The stress/strain situation of the clay layer and overlying frictional soil has been estimated
by elastic FEM analyses using the code ANSYS, ascribing the properties in Table 3 to the
simplified system in Figure 3, which represents the NSR.
Table 3. Assumed data
Component E-modulus, kPa
Clay (A)
10000
Sand (B)
20000)
Sand (C)
50000

Poisson's ratio
0.3
0
0.2

Sand C

The hatched area is most
important since here is where
tension is expected

Figure 3. Simplified system usedfor FEM calculation of stress/strain in the system.
The results of the calculations are shown in Figures 4 to 7.
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NODAL SOLUTION

OCT

STBP-1
SUB -1
TIMB-1
EPTOX
(AUC)
RSYS-0
DHX =.023363
SHN —.001509
SHX -.002661

5 2005
16:46:00

epsx

Figure 4. Strain in horizontal direction. In green parts tensile strain less than 0.3 %
prevails while in a very local region the horizontal strain is about 2 % (brown and red). In
the dominant bluish/light green areas there is horizontal compression. Figure 5 shows the
detailed strain distribution at the upper bunker edge, i.e. where the strongest tension occurs.
Only one half of the symmetric pile is shown.
HODAL SOLUTION

AIM

3T1P-1
SUB -1
TIIU-1
1PI0Y
UVG)
R8T3=0
DHX -.023363
SKH --.015693
SHX -.011061

Figure 5. Strain at the upper bunker edge. At the upper end of the wall there is a horizontal
strain of 2 %, meaning that the clay has to expand horizontally by 2 % for maintaining
contact with the concrete. The expandability of the clay is at least 5 % [1] implying that
there will be no gap. The inclined upper part of the roof is due to the mathematical
formulation and not real.
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Figure 6. Stress in horizontal direction (- is pressure, + tension). At the upper end of (he
wall there is a local zone with a horizontal tension stress of about 200 kPa. This will cause a
drop in density that is counteracted by expansion of adjacent clay with high density.

SY
RSY3-0
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3HH --169*31
SHX -603606

Figure 7. Stress in vertical direction (- is pressure, + tension). At the upper end of the wall
there is a local zone with vertical tension stress of about 500 kPa. This will cause a drop in
density that is counteracted by expansion of adjacent clay with high density. The vertical
pressure on the clay layer is about 100 kPa, which means that the overburden pressure
balances the swelling pressure.
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Discussion and conclusions
The results of the calculations can be interpreted as follows:
Percolation
•

Percolation does not start until after complete water saturation of the entire top cover
and upper slabs of the concrete vaults. This process will probably take 100 years or
more. If the thickness of the clay layer is increased to 0.5 meters saturation will take
about 500 years, which delays the start of percolation to beyond the required waste
isolation time.

•

Considering the most conservative conditions with respect to saturation and piezometry
water will start percolating the top cover and enter the concrete vaults after 100 years.
The amount of penetrated water in 300 years is estimated at 1 liter per square meter
horizontal section area of the vaults, and it will be sorbed on exposed surfaces,
primarily concrete walls and waste package surfaces, and not collect as liquid water on
the floor. Taking a very conservative figure for the hydraulic conductivity of the
concrete the amount of percolated water in 300 years is 100 liters per square meter.
Most of this water is believed to be sorbed on exposed surfaces in the vaults but some
may collect at the floor without creating any significant water pressure. Hence, even in
this very conservative case practically no water will penetrate the bottom slab of the
vaults.

Physical constitution of the clay layer and overlying strata
•

Horizontal compressive strain prevails in the large majority of the soil mass provided
that the toe of the slopes are effectively supported. However, in a significant part of the
layers covering the concrete vaults low tensile strain prevails and in a very local region
near the upper end of the walls the horizontal strain is significant. Here, the clay has to
expand horizontally by 2 % for maintaining contact with the concrete but since the
expandability of the clay is at least 5 % there will be no gap but some minor drop in
density and hence increase in conductivity will remain.

•

The stress conditions are naturally directly related to the strain pattern according to the
assumed elastic conditions. The horizontal stresses are compressive in a large part of the
soil mass provided that the toe of the slopes are effectively supported. Where the strain
analysis indicates horizontal tension the horizontal stresses are hence tensile but of very
moderate magnitude. However, the stresses in vertical direction are more significant in
a local zone at the upper end of the wall. Here, there will be a drop in density that is
counteracted by expansion of adjacent clay with high density. Still, in this local part
there may be a permanent reduction in density and rise in conductivity.

The negative effect of the stress situation at the upper end of the walls can be minimized
by shaping the upper edge of the concrete bunkers as in Figure 7.
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Sloping part of the
upper surface of
the top slab
Figure 7. Smoothing of the roof slab by sloping its outer part will minimize stress
concentrations.

General conclusions
The proposed design makes the NSR perform satisfactorily even if conservative data are
assumed. Provided that effective compaction of the clay layer and also of all other soil
components is made, for which pilot compaction tests need to be made on a large scale, the NSR
will offer excellent waste isolation conditions. By increasing the clay layer thickness to 0.5 m the
time for water saturation of it will exceed 300 years, meaning that no water will percolate down to
the roofs of the vaults in this period of time. It would also mean that the stress concentration at the
upper end of the walls will be reduced and that the self-sealing potential of the clay layers will be
enhanced and eliminate any risk of practically important increase in hydraulic conductivity.

References
1. Geodevelopment AB, 2004. Report on Possible Use of Candidate Clay Barrier
Materials in NSR Construction (dated 2004-08-16).
2. Clay Technology, Internal report on physical properties of bentonite mixtures.

Lund, October 12, 2005
Roland Pusch

138

APPENDIX H. ESTIMATION OF EXTERNAL DOSES

ESTIMATION OF EXTERNAL DOSES
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.

Irradiation of the personnel
General safety measures that are to be implemented to ensure that the exposure doses of
the personnel due to the operation of the near-surface repository are as low as possible (in
accordance with the ALARA - As Low As Reasonably Achievable - principle) and do not exceed
the dose constraint values set in standard legal documents are described in this Appendix. Also,
radiation safety of the personnel is analyzed in this Appendix, as the personnel exposure doses
and radiation safety are directly related to the specific features of barriers screening ionizing
radiation that are to be installed in the repository proper, in the vehicles transporting radioactive
waste packages, and in the temporary storage.
The personnel exposure is reduced to minimum and radiation safety is ensured through the
use of screening barriers, remote control equipment, instrumentation, ventilation, and rational
placement of radioactive waste packages of different activity in the repository's vaults. Besides,
loading of radioactive waste into a new vault must not begin before the vault that has already been
filled is covered, the engineering barriers of the side walls of the filled vaults must be installed
without delay, and procedures ensuring radiation safety of the personnel must be applied. These
measures reduce dose rates and the duration of exposure, and thus occupational exposure
throughout the period of the repository's operation is reduced.
Dose constraint values
The effective dose limit of the personnel is 100 mSv over a 5-year period, and the
maximum annual effective dose is 50 mSv [HI]. The dose limit of the planned nuclear facilities is
0.2 mSv/year [H2].
In accordance with Lithuanian hygiene standard HN 87:2002 [HI], the rooms of the
controlled zone of a nuclear facility in terms of the dose rate are divided into the following three
categories:
• Category 1 >56 uSv/h;
• Category 2
12-56 uSv/h;
• Category 3
<12 uSv/h.
Throughout the zone controlled by the near-surface repository and in its rooms the dose
rate will be less than 12 uSv/h, with the exception of the interior of the vault being operated, the
temporary storage facility, in which 20 containers can be placed, and a certain zone near the
operational vault when a container is being loaded into it. To reduce the exposure doses of the
repository's personnel to minimum, all operations inside the temporary storage facility and those
of loading of unscreened containers into the operational vault will be carried out remotely. The
driver who has driven a vehicle with a package of radioactive waste from Ignalina NPP to the
reception area of the temporary storage that will be separated from the area of packages' storage
by a screening barrier, will have to get off the vehicle and to close the door of the temporary
storage. A traveling crane installed in the temporary storage will be remotely controlled and will
carry out all operations of unloading, shifting and loading of packages. The driver who has driven
a vehicle with a radioactive waste package from the package transportation area (that is separated
from the package storage area by a screening barrier) to the disposal area near the vault in
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operation, will have to get off the vehicle and leave this zone. The radioactive waste package will
be unloaded from the vehicle by a traveling crane remotely controlled from the central control
panel. An operator will control all operations of shifting of the radioactive waste package with the
help of video cameras.
It was assumed in dose estimates that radioactive waste packages from Ignalina NPP will
be transported to the near-surface repository and within the area of the latter with the same vehicle
that will be used for transporting packages with cemented radioactive waste in Ignalina NPP area.
A transportation container into which a package with radioactive waste will be placed is fixed in a
stationary manner to the truck's platform. The cover of a transportation container consists of two
lids that are opened and closed by remotely controlled pistons. The dose rate at any point of
external surface of such transportation container must not exceed 10 mSv/h and can be higher
than 2 mSv/h only if the conditions of safe transportation requirements [H2] are met.
Furthermore, the dose rate at any point of vertical plains drawn at a distance of 2 m from the sides
of the vehicle must not exceed 0.1 mSv/h [H2]. The steel lateral plates of a transportation
container are 39 mm thick, and the front plate screening the driver is 45 mm thick.
The surface contamination of radioactive waste packages will never exceed the
permissible values set in the requirements for safe transportation of packages [H2], as the values
of contamination at the intermediate storage facility of Ignalina NPP will not exceed the values set
for category 3 rooms.
The values of specific activity of waste packages
Whilst calculating the screening barriers, the occupational exposure to the repository's
personnel and the effective dose to the members of the critical group of population during the
repository's operation, the values of specific activity of packages with cemented radioactive waste
given in Table H.I. are used, because this typical spectrum of radionuclides is sufficient to prove
that the exposure doses resulting from the repository's operation will not exceed either
permissible effective doses of the personnel or the dose constraint values set in legal documents of
Lithuania. This typical spectrum of radionuclides was used in the technical design of the facility
for cementation of liquid radioactive waste and intermediate storage facility of Ignalina NPP, and
in the final safety analysis report [H3] as well as in the Environmental Impact Assessment Report
approved by the Ministry of the Environment [H4]. As a matter of fact, dose estimates show that
for actinoids the share of alpha sources in the summary effective dose is approximately 0.5%
during the repository's normal operation conditions and less than 0.1% in emergencies, and thus it
can be not taken into account. The share of such radionuclides as tritium, I4C or 129I is negligible
in comparison with that of the radionuclides being assessed. The assessment of potential
additional share of other radionuclides, mostly 90Sr and actinoids in the summary effective dose
showed that the estimates using this typical spectrum of radionuclides are conservative enough.
Table H. 1. Specific activity values of cemented radioactive waste packages [H3J
Nuclide
M

Mn
Co
1J4
Cs
13/
Cs
Total
bU

Specific activity, Bq/m 3
Maximum value
7

l.lOxlO
2.02xl0 l u
6.43x10*
1.80xl0 lu
3.89xlO 10

Mean value

7.17x10"
1.35x10'°
3.26x10*
1.63x10'°
3.01xl010

The maximum values of specific activity of radioactive waste packages are used for
calculating screening barriers (the thickness of concrete walls in the disposal vaults and temporary
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storage, the thickness of the vehicle's steel screening plates, etc.) and for assessing potential
emissions in the case of design basis accidents. The mean values of specific activity of radioactive
waste packages are used for calculating the occupational exposure of the personnel (including the
assessment of collective doses), the effective dose of the members of a critical group of the
population, and when drawing up the program of radioactive monitoring.
It was assumed for the exposure dose estimates that a radioactive package contains 8
barrels of cemented radioactive waste with a capacity of 200 1 each that are placed into an INPP
container for cemented radioactive waste [H3], with cement mortar poured over them.
Dose rate assessment
Calculation methods
The values of equivalent dose rates have been computed with the MERCURE (C. Dupont,
1995) and SKYSHINE (C. M. Lampley et al., 1988) computer programs. The programs are
intended for calculating screening of ionizing radiation in a three-dimensional space. The
programs were checked and legitimized through comparison of the results with the data of model
experimental studies. In addition to that, verification of the developed computation models was
conducted by means of comparison of equivalent dose rates computed with these programs with
simulation results presented in the detail design of the cementation facility of liquid radioactive
waste and intermediate storage facility of Ignalina NPP, and in the final Safety Analysis Report
[H3]. In the above report, the values of equivalent dose rate on surfaces of objects under
consideration and at a certain distance were computed with the RANKERN computer program.
After different models were produced and computations performed with the MERCURE and
SKYSHINE programs, the values of equivalent dose rate computed with these programs were
found to differ from the results obtained by RANKERN by ±5%.
The equivalent dose rates of ionizing gamma radiation penetrating through the container,
transportation container, and the walls of temporary storage and disposal vaults were computed
with the MERCURE program, and the equivalent dose rates penetrating through the roofs of the
temporary storage and vaults were computed with the SKYSHINE program. The paths of the
spread of ionizing radiation assessed by the latter program are shown in Fig. H.I. However, only
two paths of spread, i.e. radiation suppressed in the wall and scattered in the air, and radiation
scattered in the wall and air, are assessed when computing the equivalent dose rate generated by
radiation spreading through the roof of a closed vault and temporary storage. The following
components are assessed in the case of an open vault: the radiation scattered in the air, and the
radiation reflected from the internal wall of the vault and scattered in the air.
CD Direct radiation
© Radiation suppressed in the wall and scattered
in the air
CD Radiation scattered in the wall and suppressed
in the air
© Radiation scattered in the wall and air
©Radiation scattered in the air
© Radiation reflected from the wall and scattered
in the air
Detector

Fig. H.I. The schematic of the paths of spread of ionizing radiation assessed by the
SKYSHINE program
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The principal assumptions of the calculations:
• The calculations of equivalent dose rate have been performed for four objects, a
vehicle (transportation container), an unscreened container, one vault, and the temporary
storage;
• The mean values of specific activity of packages of cemented radioactive waste
were assumed as in Table H.I.;
• The containers placed on the vault periphery screen the radiation emitted by the
containers in the inner part. Therefore when computing the equivalent dose rate with the
MERCURE program in a three-dimensional space, 60 containers were described standing
near the vault's lateral wall, and when assessing the effect of the ionizing gamma radiation
spreading through the vault's roof with the SKYSHINE program, 72 containers in the
vault's upper part were assessed;
• In the case of the temporary storage, the radiation spreading through its lateral wall
was assessed from 10 containers at its side, and the radiation through the roof from 10
containers at the top, since other containers are screened by those on the outer side;
• In the computation model, the thickness of the vault's concrete walls was assumed
at 50 cm. The equivalent dose rate of the gamma radiation spreading through the vault's
top was estimated for the case when the vault is covered with a 40-cm-thick concrete slab
and when it is open;
• The thickness of the concrete wall and roof of the temporary storage was assumed
to be 60 and 30 cm, respectively;
• The equivalent dose rate was calculated at points removed from the object under
consideration (an unscreened container, a transportation container, the vault, the temporary
storage) to a distance of 0 to 500 m.
The repository for radioactive waste consists of 50 vaults. The assumption was made in
the simulation that during the facility's operation only one vault is open and the side walls of this
vault and another two closed vaults are not filled with clay and earth. The roofs of other vaults are
covered with concrete slabs, and the side walls are filled with clay and earth. Thus, the summary
rate of equivalent dose resulting from 50 vaults at a certain point is calculated from:
S = OVU + (2xCVC) + (47xCVF),
where OVU is the equivalent dose rate calculated for an open vault with side walls that are
not filled; CVU is the dose rate calculated for a closed vault with side walls that are not filled; and
CVF is the dose rate calculated for a closed vault with filled side walls.
The results
The relationship between the equivalent dose rate and the distance to an object under
consideration is shown in Figs. H.2.-H.5. The uncertainty analysis of the results obtained was not
performed, as the aim of the present report is to assess the major technical decisions and their
possible effects on the environment. When the repository's detail design is being produced, the
design solutions, the materials to be used and their properties will be specified. The design
solutions will be made more accurate to take into account concrete results of safety analysis. A
comprehensive sensitivity and uncertainty analysis of the input data is to be performed in the
safety analysis report of the near-surface repository for radioactive waste.
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Fig. H.5. Relationship between equivalent dose rate and distance to disposal vaults

Assessment of doses
The assessment of the personnel doses can be broken down into assessment of three
components, exposure doses during normal conditions of the repository's operation, during
supervision and maintenance of installations, and during emergencies.
The maximum dose limit of the personnel is 20 mSv a year (100 mSv over a five-year
period), and the maximum annual effective dose is 50 mSv [HI]. The optimization principle will
be applied with a view to reducing the doses as much as possible given economic and social
factors.
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Normal operation
In 50 vaults of the near-surface repository, 18,000 packages of radioactive waste are to be
disposed of in 20 years (50 vaults x 360 packages = 18,000). During normal operation conditions,
every year 900 packages with radioactive waste will be transported from Ignalina NPP to the
temporary storage, then taken from the temporary storage to the disposal area and placed in the
repository's operating vault. External exposure doses to the personnel of the operating repository
may be due to the following principal operations:
• Transportation of a package from Ignalina NPP to the repository's temporary
storage;
• Inspection of a vehicle at the repository;
• Transportation of a package from the temporary storage to the disposal area;
• Sealing of a closed vault;
• Filling side walls of a closed and sealed vault with clay-based substance and its
compaction;
• Forming a top cover of a covered vault;
• Construction of new vaults in the repository whose operation has already begun.
It can be seen that such operations as unloading of radioactive waste packages, inspection
(measuring surface dose rate, gamma spectroscopy, weighing), transfer and placement in the
temporary storage, unloading packages from a vehicle and placing them in the vaults' sections
(within the disposal zone), pouring sealant into vaults filled to capacity with packages and
covering with concrete slabs are not included in the list of occupational exposure sources, as these
operations are performed remotely from the central control panel situated in the observation area,
and not in the controlled area. The operator controls these operations with video cameras.
It was estimated with conservative assumptions that a radioactive waste package in a
transportation container will generate a dose rate of 62 uSv/h on the container's lateral surface
and a dose rate of 15 uSv/h 2 m away from this surface. Thus it will be much lower than the
values of dose limit set in the requirements for safe transportation [H2]. The dose rate 123 cm
away from the front surface of the transportation container (this is the distance separating the
driver from the surface) will be 7.6 uSv/h. For the assessment of occupational exposure doses the
maximum dose rate for a vehicle's driver is conservatively assumed at 10 uSv/h, and the time
required for transporting a package from INPP to the repository's temporary storage at 60
minutes.
After a vehicle with a package of radioactive waste comes from INPP to the near-surface
repository, the surface contamination of the vehicle and dose rate are to be measured with
portable devices for measuring surface contamination and/or with the use of the smear method to
make sure that the requirements of safe transportation [H2] are complied with. Although the
measurements are made with portable devices, the personnel member will be subjected to a small
dose of exposure, since the package is covered by the vehicle's screening barrier (a transportation
container) and the measurement takes a short time. A single measurement takes approximately 10
seconds with the estimated dose rate on the transportation container's surface of 62 uSv/h. It is
conservatively assumed for the estimates of external occupational exposure that surface
contamination takes 20 seconds to measure, with the dose rate being 100 uSv/h. In this case the
exposure dose is -0.56 uSv/h. A similar dose rate measurement is made in 60 seconds with a
portable telescopic measuring device, with the estimated dose rate being 15 uSv/h. For the
estimates of external occupational exposure it is conservatively assumed that a single
measurement takes 80 seconds, with the dose rate being 25 uSv/h. In this case, the exposure dose
is also approximately 0.56 uSv/h. Since measurements of both types for every vehicle are made
twice (once on the either side), the occupational exposure dose of some 2 uSv/year is envisaged
for checking all the vehicles coming to the repository's site.
It is assumed in dose assessment that radioactive waste packages in the repository's area
will be transported with the same vehicle that was used for carrying packages of cemented
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radioactive waste at INPP site. The equivalent dose rate 123 cm away from the front surface of
the transportation container (this is the distance separating the driver from the surface) will be 7.6
uSv/h, when the steel plate screening the driver is 45 mm thick. As the driver will be driving in
the controlled area where the equivalent dose rate may be up to 1.56 uSv/h (provided that the
vaults are filled and an unscreened container is not placed into the operational vault), in
occupational exposure dose estimates an equivalent dose rate for a vehicle driver is conservatively
assumed at 12 uSv/h, and the time necessary for taking a package from the temporary storage to
an operational vault at 20 min.
It takes 4 workers a week (5 days x 6 effective working hours = 30 working hours) to seal
a single vault covered with concrete slabs. Thus operations of this kind will take some 75
hours/year. Until a covered vault has not been sealed, the crane with a temporary roof cannot be
moved above a new vault. Therefore the use of a new vault will not begin (containers will not be
loaded into it) until the sealing operations have been completed. The equivalent dose rate can thus
be as high as 1.56 uSv/h, but conservatively it is assumed at 2 uSv/h.
The filling of side walls of a single vault can take 4 weeks. Thus operations of this kind
will last 300 hours/year. Since filling operations will be carried out also at the time when 900
times a year unscreened containers will be placed into the operational vault 20 m away (it will
take 10 minutes for one container to be placed), the equivalent dose rate during these 150 hours
20 m away from the operational vault will amount to 2.51 uSv/h. However, for dose assessment
the equivalent dose rate was assumed at 4 uSv/h throughout the operations of filling of the vault's
side walls.
If the upper durable cover of vaults resistant to weathering is only formed at the end of the
operation of the near-surface repository, the equivalent dose rate will be very low. It was
conservatively assumed that the equivalent dose rate will be 1 uSv/h and that 10 personnel will be
working all year round (1500 working hours).
New vaults can be constructed in the operational repository. However, given that a
relatively large number of personnel will be working at the construction site for a long time, in
order to optimize the external occupational exposure doses, the construction operations will be
carried out at least 50 m away from the operational vault, where the equivalent dose rate may
amount to 1.71 uSv/h. In dose assessment it was conservatively assumed that the equivalent dose
rate will be 2 uSv/h and that 10 personnel will be working all year round (1500 working hours).
Estimated occupational exposures for all operations are given in Table H.2.
Table H.2. Operations carried out at the repository in the course of a year

Operation

Transporting package from INPP
to repository's temporary storage
Vehicle check:
- of surface contamination
- of dose rate
Transporting package from
temporary storage to disposal area
Sealing closed vault
Filling vault's side walls
Forming upper cover of vaults
Construction of new vaults in
operational repository

Personnel
number

Number
of packages
or
vaults

Time per
unit

Dose rate,
uSv/h

ManmSv

2

450 p.

60 min.

10

9

1
1

900 p.
900 p.

2x20 sec.
2x80 sec.

100
25

1
1

1

900 p.

20 min.

12

3.6

4
4
10

2.5 v.
2.5 v.
Repository

30 h
120 h
1500 h

2
4
1

0.6
4.8
15

10

Repository

1500 h

2

30

Total:

148

65

As can be seen from Table H.2., during the conditions of normal operation individual
doses of personnel exposure are very low, and the collective dose even according to very
conservative estimates is only 65 man-mSv/yar.
The vehicle drivers will receive the largest individual exposure doses. Provided that two
vehicles transport radioactive waste packages from Ignalina NPP to the near-surface repository,
that one vehicle transports the packages within the facility's area and one driver works in every
vehicle, then the driver transporting packages with radioactive waste from Ignalina NPP to the
near-surface repository would be subjected to occupational exposure for 450 h/year. If the
equivalent dose rate is 10 uSv/h, the driver's external occupational exposure would amount to 4.5
uSv/year. The occupational exposure rate of the driver working within the repository's site would
be 3.6 uSv/year. This fully complies with the requirements of Lithuania's legal documents [HI].
Cf.: the occupational exposure dose envisaged for the driver of a vehicle transporting cemented
radioactive waste packages at Ignalina NPP is 12 uSv/year [H3].
As the annual effective dose of those involved in operations on sealing a covered vault, the
filling of the covered and sealed vault's side walls with clay-based substance and its compaction,
the formation of the upper durable cover of vaults resistant to weathering, construction of new
vaults in the already operational repository and many others will not exceed 6 mSv, personnel of
category B will be able to carry them out.
Servicing and annual maintenance of machinery
Repairs of the traveling crane of the near-surface repository's temporary storage will be
carried out in the crane repairs area that must meet requirements for category 3 rooms. If
necessary, local temporary screening barriers will be used. The conservative dose rate assumed in
the estimates is 12 uSv/h.
The servicing and annual maintenance of the crane of the disposal area and other
machinery moving with a temporary roof are carried out when the crane and the temporary roof
move off the operational vault. However, the equivalent dose rate in the estimates was also
conservatively assumed at 12 uSv/h.
The estimates of occupational exposure due to servicing and annual maintenance of the
machinery are given in Table H.3.
Table H.3. Occupational exposure due to servicing and annual maintenance of machinery

Place
Temporary
storage
Disposal area

Machinery
being
repaired
Crane
Other
Crane
Other

Duration of
repairs, h

Number of
personnel

20
10
30
25

3
2
3
2

Dose rate,
uSv/h
12
12
12
12
Total:

Dose,
uSv/year
720
240
1080
600
2640

The collective effective dose of the personnel of the near-surface repository due to
servicing and annual maintenance of machinery is very low, some 3 man-mSv. This is because
simple technologies are used at the repository, there are not any intricate systems or machinery,
and the servicing and maintenance can be carried out in the environment where the rate of
equivalent dose is low.
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Personnel monitoring
Upon entering the controlled zone of the near-surface radioactive waste repository, the
personnel will have to carry with them dosimeters (say, of TL class) showing the accumulated
dose. The drivers of vehicles will have to carry along personal electronic dosimeters (say,
ALNOR-RAD class) even outside the boundaries of the controlled zone. The dosimeter readings
will be checked and recorded on a regular basis. The personnel will be able to see their exposure
doses in the screens of electronic dosimeters at any time.
Before the personnel leave the controlled area, electronic dosimeters will be assessed with
a computer, and the personnel will be checked for radioactive substances stuck to them. To this
end, devices simultaneously indicating contamination of hands, legs, clothing and hair will be
used.
The monitoring of individual internal exposure of the personnel will be conducted in
compliance with the requirements of the Lithuanian hygiene standard HN 112:2001 [HI].
Public exposure during normal operation of the repository
As has already been mentioned, four principal sources in a near-surface repository for
radioactive waste can cause direct exposure of the population. It is conservatively assumed that
the repository's vaults are filled to capacity with packages of radioactive waste, the potentially
maximum amount of packages is stored at the temporary storage, a radioactive waste package not
screened by any barriers is suspended from the crane, and a vehicle with a radioactive waste
package is being driven to the temporary storage. The schematics of the effects of the dose rate
caused by these four sources of ionizing radiation in the controlled zone and behind the
repository's fence is shown in Fig. H.6.
The repository's area will be surrounded by a fence built 150 m away from the vaults; a
sanitary protection zone (SPZ) will be introduced around the repository whose boundary
separating the SPZ from the adjacent areas will be at a distance of up to 300 m from the repository
vaults. The estimates were made for the SPZ next to the repository's fence at the point closest
(150 m away from) to all the four sources of ionizing radiation (point 4 in Fig. H.6.), and for the
area at the SPZ boundary 300 m away from all the four sources of ionizing radiation. The
estimates were based on the conservative assumption that the presence in SPZ is limited to the
annual working time (2000 hours a year), and that 300 m away the residents live continuously. A
resident will be continuously affected by the repository vaults filled to capacity with radioactive
waste packages and by the temporary storage for 150 h/year by an unscreened container
suspended from a crane (900 containers x 10 min. = 9000 min. = 150 h), and for 300 h/year by a
moving vehicle (900 containers x 20 min. = 18,000 min. = 300 h).
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Fig. H.6. Schematics of effects of dose rate in controlled zone and behind repository's fence.
1. Filled vaults; 2. Temporary storage; 3. Container suspended from a crane and not
covered with any screening barriers; 4. The point of repository fence closest (150 m away) to
all the four sources of ionizing radiation; 5. Controlled zone; 6. Area behind repository
fence; 7. Center axis of vault rows; 8. Repository fence; 9. Vehicle
An annual external exposure dose received by a resident from the effects of all sources of
ionizing radiation in the near-surface repository is given in Table H.4.
Table H. 4. A resident's annual external exposure dose during normal operation of the repository
From
From
From
unscreened temporary
vehicle
storage
container
Within SPZ near repository fence (150 m away from vaults)
Equivalent dose rate. mSv/h
2.43x10"'
4.80X10-6
7.87xl0'5
1.70xl0'5
Annual exposure duration, h
2000
2000
300
150
Dose of external exposure,
0.157
0.00049
0.0014
0.0026
mSv/year
In adjacent areas near SPZ boundary (300 m away from vaults)
Equivalent dose rate, mSv/h
4.40x10"6
4.07x10"*
1.20xl0"6
1.68x10"*
8760
8760
300
Annual exposure duration, h
150
Dose of external exposure.
0.147
0.00036
0.00036
0.00066
mSv/year
From filled
vaults

Total

—

0.16
—
-

0.15
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It can be seen from the above Table that a resident's annual dose of external exposure
caused by all sources of ionizing radiation at the near-surface radioactive waste repository in areas
adjacent to the boundary of SPZ (300 m away from the repository vaults) is 0.15 mSv and does
not exceed the dose constraint of 0.2 mSv [H5]. A resident's annual dose of external exposure
within SPZ near the repository fence (150 m away from the repository vaults) is 0.16 mSV and
does not exceed the dose constraint either.
For comparison, it can be said that public exposure from natural sources (background level
of ionizing radiation) in INPP area is approximately 2.3 mSv/year [H6].
Annual effective doses of members of critical population groups were assessed with very
conservative assumptions. At the repository's detail design stage certain operations of the
facility's use can be optimized with a view to reducing the values of equivalent dose rate. In this
case the SPZ boundary can be set closer than 300 m from the repository vaults.
Potential measures of impact reduction
At the repository's detail design stage the following measures of impact reduction will be
introduced:
• Appropriate barriers screening ionizing radiation will be envisaged for the
repository vaults and the temporary storage, and their parameters will be identified;
• Remote-control machinery will be used;
• Radioactive waste packages of different activity will be rationally distributed in the
repository vaults;
• The dimensions of the repository's protected area and SPZ will be properly
established;
• The temporary storage will be equipped with appropriate ventilation devices;
• Placement of radioactive waste packages will not begin until a vault that has
already been filled is covered, i.e. until a screening barrier is installed for two components
of ionizing radiation, radiation scattered in the air, and radiation reflected from the wall
and scattered in the air (Fig. H 1.);
• The engineering barriers of the side walls of the filled vaults will be installed
without delay;
• Special transportation measures (transportation containers) will be used for
transportation of packages with radioactive waste;
• The routes and times of transportation of radioactive waste along public roads will
be optimized.
The repository personnel's safety will be such that the size of individual doses, the number
of the personnel exposed, and the possibility of unjustified exposure are minimized. To this end,
an optimization program will be implemented in the course of the repository's normal operation.
A team will be set up at the repository to coordinate the optimization program. Its activities will
be governed by a statute. A plan for implementing the optimization program at the repository will
also be drawn up. Radiation safety measures will be envisaged in the plan for the repository's
personnel carrying out current, planned, maintenance, repair, inspection and other operations.
RATA once a year will have to report to the Radiation Protection Center on implementation of the
optimization program and to other authorized institutions in accordance with their competence
[H7].
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APPENDIX I. NOURISHMENT HABITS

NOURISHMENT HABITS
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.

General information about local residents' habits of nourishment and its relation to the
environment
The most recent data show that relatively good accessibility of towns and their shops, as
well as changes in the demographic situation and family structure have radically affected the
traditional food structure of local residents. Foodstuffs brought in from outside are staples in the
area. Milk, potato and vegetables are the main foodstuffs of local origin.
A survey of local population conducted in three settlements in August 2004 shows that an
average farmstead:
• Keeps one cow that gives some 3000 kg of milk a year;
• Produces some 300 kg of pork;
• Grows ~ 0.6 tonnes of potato for food (the amount grown for fodder is highly
variable and depends on the type and number of animals being kept);
• Grows - 0 . 1 tonne of other vegetables, mostly cabbage;
Besides, beet and wheat/rye hybrid are grown for fodder. The latter yield 1.0-1.2
tonnes/ha.
Almost all raw milk is consumed locally, part of it as fodder for pigs, and so are two thirds
of potato and vegetables and approximately a third of meat. According to different residents, they
drink from 1 1 of milk a week to 1 1 of milk a day. Cream consumption ranges from 1 I/month to 1
I/week. The locals, with rare exceptions, purchase almost all bakery products and groats. The
average consumption of these products is 1.5 kg/week/person.
The fact that local residents are mostly rather old affects the peculiarities of their
nourishment habits. Therefore the nourishment of local population may considerably differ from
the nourishment of a typical inhabitant of Lithuania (Table I.I.).
Table 1.1. Average consumption of foodstuffs in Lithuania in kg/year [11]

Foodstuff
Vegetables (potato excluded)
Fruits
Cereals
Milk and dairy products
Meat and meat products
Fish and its products
Fats
Potato

Men

Women

77
50
66
119
73
8
15
107

61
74
42
114
43
6
8
70

Regional or local statistics for nourishment have not been obtained as they can only be
collected through special surveys of the way of life.
Information about crops
This information comprises the structure, areas and yields of crops. It should be noted that:
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• The necessary accounting of farming lands and crop structure on the desirable level
does not exist;
• The structure of farming lands and crops grown on them radically differs on different
territorial levels, micro-local, local and regional, therefore data of higher divisions can
only applied for lower ones with reservations agreed upon;
• There is a considerable difference between declared and actual statistical data;
• The crop structure changes relatively fast.
In the lowest territorial divisions, in the immediate vicinity of the proposed sites, crops
occupy a very small area (<2%). At Galilaukė site, in the repository's immediate vicinity, within a
0.5 km radius, on the average there is 0.8 ha of potato, 0.8 ha of cereals, 0.2 ha of vegetables and
~1 ha of orchards. The amount and structure of crops at Apvardai site depend on the repository's
lay-out. If the alternative accepted in the present report were to be implemented, there would be
no fanning lands in the immediate vicinity of the facility.
Data on crop structure from Rimšė ward would be suitable for describing a wider area.
However, such data are not available. Even after the system of crop declaration was introduced, in
accordance with the existing procedure neither the ward nor the district's agricultural department
possess initial data. The data are stored and processed by the National Payment Agency that is not
in a position to submit necessary initial information on a ward level. The comparison of land use
of several typical areas makes it possible to conclude that crops occupy not more than 15% of the
ward's farming lands which total ~ 6800 ha. Potato makes up some 20% of farming lands, fodder
crops another 65%, and the rest is under vegetables, etc. It should be noted that there are
numerous orchards in the area, including industrial ones. Their overall area is >200 ha.
The crop structure of Ignalina District (both sites formally belong to it) is not too suitable
for interpreting average conditions. The district's mean indicators are distorted by the relatively
fertile Dysna plain that differs in crop structure and crop productivity in particular. Therefore it is
more feasible to use for estimating average conditions the mean data of Ignalina NPP region
(Ignalina and Zarasai municipalities). The crop structure of the region and average productivity of
the main crops in it in 1998-2002 are shown in Tables 1.2. and 1.3., respectively. The data of the
2003 agricultural census can also be used. It should be noted, however, that the crops used in the
previous statistics and during the census differ markedly (Table 1.4.).
Table 1.2. Average crop composition in the region of Ignalina NPP in 1998-2002

Crop

Area, thou. ha
11.3
0
0
2.3
0.4
14.0

Cereals
Flax
Sugar beet
Potato
Vegetables
Total

%
81
0
0
16
3
100

Table 1.3. Average productivity of some crops in the region of Ignalina NPP in 1998-2002

Crop
Cereals
Potato
Vegetables
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Productivity, tonnes/ha
1.4
9.9

Table 1.4. Crop composition in the region of Ignalina NPP (in accordance with the data of 2003 census)

Crop
Cereals
Leguminous
Industrial
Potato
Vegetables
Fodder
Total

Area, thou. ha

%

6.9
0.1
0.0
2.3
0.3
4.0
13.6

51
0.0
0.0
17
2
30
100

It is also important to assess the flow of agricultural produce from the area under
consideration. As natural economy dominates there, major constant flows of agricultural produce
do not form. After the territorial system of purchasing of raw milk was reorganized, the locals
ceased supplying it (with the exception of those living in the immediate vicinity of Rimšė). A
small portion of milk and dairy products is supplied to the population of Visaginas. Animals for
meat, small amounts of potato, vegetables, apples, and fish sometimes get to the market from the
area. The residents of Visaginas consume most of the produce supplied to the market, although
part of animals for meat reach the processing plants of Vilnius District and Utena. Horses for meat
used to be bought in the area and exported to Sardinia (Italy). As the number of farms at Galilaukė
and Apvardai sites is low and they are of natural type, only a small part of agricultural produce is
consumed outside the boundaries of the area under consideration. The resources of berries,
mushrooms, hazelnuts and herbs in the sites' environs are negligible, therefore they are not
supplied to markets.
Information about fish catches
Commercial fishing is not systematically carried out in Lake Drūkšiai. Although formally
commercial fishing is allowed, sporadically only 0.4-1.0 tonne offish (or 0.3 kg/ha) is caught to
meet the market demands. The scale of non-commercial fishing is several times larger and is
sufficient to satisfy the local market. It should be noted that the local market, due to the
geocultural peculiarities of the structure of Visaginas population is more orientated towards
consumption of marine fishes.
Mean data of Lithuania's other lakes can be applied for other lakes within the area.
Fishery organizations and experts maintain that reliable statistics on fishing in internal waters is
not available and suggest using the mean data of the 1980s. Before 1990, on the average 11 kg/ha
used to be caught in lakes, of which 33% roach, 18% bream, 12% perch and 10 % pike. The
volumes of commercial and amateur catches were virtually the same. After 1990, fish catches in
internal waters (including lakes) reduced three-fold. Fish catches are forecast to make up but 50%
of the 1990 level in 2015.
The abundance of fish and their structure in Lake Drūkšiai is dependent on its thermal
changes. After Ignalina NPP was commissioned, the cryophilic fish community of whitefishsmelt type started transforming into thermophilic community of roach-bream type. The condition
of fish population has stabilized over the recent years and its biomass has been growing. After
NPP is decommissioned, a reverse process may begin. Potential maximum catches in the future
can amount to 30% of the growing fish mass.
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APPENDIX J. ESTIMATION OF DOSES RELATED WITH AQUATIC
PATHWAY

ESTIMATION OF DOSES RELATED WITH AQUATIC PATHWAY
J.I. DOSES ESTIMATED FOR GALILAUKE AND APVARDAI SITES
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.
Public exposure in the course of normal operation of the repository
Only solid or solidified radioactive waste whose packages meet the criteria for acceptance
for disposal at a near-surface repository [Jl] will be accepted at the disposal facility. In the course
of the facility's operation (disposal of radioactive waste) a drainage system will be installed at its
site. The radioactive waste packages due to be disposed of and the repository's vaults will be
reliably protected against precipitation, and no possibility will exist for radionuclides to enter
rainwater. The specific activity of radionuclides in the drainage water will be measured on a
regular basis. The description of proposed measurements is given in the program of monitoring.
There will be no other radioactive leaks from the repository either. The negligible amounts
of liquid radioactive waste that will form in the course of operation (e.g. during decontamination
of equipment) will be collected and returned to Ignalina NPP for treatment. Operations during
which radioactive liquids may form will be carried out in places expressly envisaged for this
purpose and designed in compliance with radiation safety requirements.
As radionuclides will not leak into ground water during normal operation of the
repository, their impact has not been assessed.
Public exposure following the repository's closure
Pathways of potential migration of radionuclides as a result of natural or premature
degradation of engineering barriers are important from the viewpoint of public exposure. The
spread of radionuclides via ground water and the assessment of potential effects of ionizing
radiation are analyzed in the present Appendix.
The approach to environmental impact assessment
The migration of radionuclides via a water pathway and potential exposure of the population
were assessed in compliance with the ISAM (Index Sequential Access Method) methodology of
safety assessment of near-surface repositories for radioactive waste drawn up by IAEA [J2]. The
methodology covers the following stages of safety assessment (Fig. J.I.):
1. Formulation of assessment objective. The tasks of safety analysis, safety criteria,
typical periods and other concrete parameters of safety assessment objective are
defined.
2. Description of the system of radioactive waste disposal. The system under
consideration is described, including radioactive wastes, their packages, engineering
barriers, the pathways of radionuclide migration in the geosphere and biosphere, with
the peculiarities characteristic of these pathways being identified. The system is
described on the basis of the formulated objective of safety assessment.
3. Outlining and justifying scenarios of radionuclide migration in the environment.
Processes taking place at the repository, in the geosphere and biosphere are analyzed
and, after their interaction is assessed, scenarios and conceptual models are
constructed.
163

4. Construction of mathematical models. The conceptual models are expressed through
mathematical relationships, initial and marginal conditions of simulation are defined.
5. Computations. Computations are made with the use of special computer codes,
analytical or other calculation methods.
6. Analysis of results. The results of computations made are analyzed.
7. Comparison with criteria. The results of computations are compared with the safety
criteria defined in the formulated objective.
8. Defining adequacy of safety assessment. Compliance with the criteria is assessed. If
they have not been complied with, stages 9 and 10 follow.
9. Identifying and specifying the parameters affecting safety assessment.
10. Review and modification of safety assessment components.
1. System description
2. Objective formulation
3. Outlining scenarios
4. Model construction
5. Computations
7.Comparison with criteria

6. Analysis of results

10. Review and modification
YES

Repository acceptable

<

(

YES V

8. Adequate?
'?

V-n
)
M9.
9. Any affecting

J NO V

parameters? )
NO

J

Repository unacceptable
Fig. J.I. Schematic of ISAM methodology

The methodological approach described above was complied with while assessing the
potential migration of radionuclides via a water pathway and the effects of the ionizing radiation
caused by this migration on the components of the environment.
Formulating the safety assessment objective
The objective of the present section of EIA report is to assess the potential migration of
radionuclides via a water pathway following the repository's closure and the exposure of the
population caused by it.
The analysis is conducted considering the properties of the radioactive waste due to be
disposed of, the design concept of the repository, as well as geological-hydrogeological
peculiarities of Galilaukė and Apvardai sites.
The criterion of radiation safety is the annual effective dose received by a member of the
critical group of residents because of the planned near-surface repository. This dose must not
exceed the dose constraint applied to planned nuclear power facilities and set at 0.2 mSv/year
[J3].
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It is stated in the normative document [Jl] that a radioactive waste package can be intended
for disposal at a near-surface facility if its activity summarized as Y does not exceed 1. The value
of Y is determined in accordance with the methodology prescribed in Appendix II to [Jl].
For the assessment of radionuclide migration and its effects, the period of the repository's
service life was analyzed covering the active and passive institutional surveillance, and the
subsequent period during which the possibility exists of long-lived radionuclides leaking into the
environment. In the calculations, the periods of active and passive surveillance were assumed at
100 and 200 years, respectively. During the period of active surveillance, the repository's physical
protection is ensured, the environment is monitored, the facility's supervision operations are
carried out and, if necessary, remedial measures are implemented. During the subsequent period
of passive surveillance, land use is restricted within the
disposal facility's site and a ban is imposed on certain types of activities at its site [J4].
Description of the radioactive waste disposal system
Precipitation entering the repository's site can cause radionuclide migration from it via a
water pathway. The radionuclides leached from a waste package by the seepage water and borne
through advection and diffusion, can penetrate the repository's bottom engineering barriers and
enter the underlying zone of aeration. The water in the pores of the latter can transfer
radionuclides into the aquifer lying further down. Via the aquifer the radionuclides can spread in
the biosphere and cause external and internal exposure of the population. Three zones of
radionuclide transfer are distinguished in the assessment of radionuclide migration: (i) the close
field covering the repository, the radioactive waste disposed of in it and the engineering barriers
surrounding the disposal facility; (ii) the distant field covering the aeration zone and the aquifer;
and (iii) the biosphere comprising surface water bodies, the atmosphere, the flora and fauna, and
humans. The schematic of the zones, processes and their interrelations is given in Fig. J.2.
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Close field
Precipitation (seepage)
Radioactive waste
(vaults with waste containers)
Leaching of waste tyiffusion-advection)

L
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;!
Migration in pores via water (diffusion-advection)
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(ground water)
Migration via ground water (advection-dispersion)

Biosphere

Surface water
(well, lake)

Exposure
Human
(local resident)

Fig. J.2. Schematic of components and processes of radionuclide migration

The radioactive wastes intended for disposal at a near-surface repository are defined in
Chapter 2 of the present report . In Table J.I., in addition to these parameters, the inventory is
given of radionuclides assessed in the computations of radionuclide migration via a water
pathway in which they are classified in terms of their physical (half-life) and chemical (coefficient
of sorption) properties. It should be noted that the short-lived radionuclides 60Co, 134Cs and 54Mn
that do not affect the results of the environmental impact assessment were not taken into
consideration.
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Table J. 1. Assessed radionuclides and their parameters
Sorption coefficient (Kd) in zone/substance, in m /kg
Gr oup

Shortlived

longlived

low
sorb.
highly
sorb.
lowsorbability

Radionuclide
j

Half-age,
yrs

H
Sr

123
28.8
30.1
14.4
5730
1.57xlO7
8x104
100
2.03x104
2.1 lxlO5
432
2.46xlO5
7.04x10"
4.47x10y
2.14xlO6
87.7
2.41xlO4
6.56xlOJ

w

1J7

Cs
Pu

241

I4

C

I29

I

59

Ni
*Ni
y4
Nb
ft

highly
sorbable

"Tc
24

'Am
U
2J5
U
2J
*U
2J/
Np
238
Pu
2jy
Pu
24U
Pu
2J4

Cemented
RW

Concrete

0
0.001
0.001
5
0.2
0.003
0.04
0.04
0.5
0.5
1
5
5
5
5
5
5
5

0
0.001
0.001
5
0.2
0.003
0.04
0.04
0.5
0.5
1
5
5
5
5
5
5
5

Base
(sand/
gravel)*

Aeration
zone
(sandy
loam)**

Aquifer
(sand)**

0
lxlO-4
0.01
1
0.002
0
0.01
0.01
0.5
0.3
1

0
0.02
4.4
1.2
0.002
4.5x10"J
0.3
0.3
0.54
ixlO"4
0.99
0.012
0.012
0.012
0.025
1.2
1.2
1.2

0
0.013
0.27
0.54
0.005
0.001
0.4
0.4
0.16
1.4x10"4
2
0.033
0.033
0.033
4.1xlO"J
0.54
0.54
0.54

10

* values selected from [J5]
** values selected from [J6]
The potential migration of radionuclides from a repository depends on the properties of its
engineering barriers. The scheme of the engineering barriers constructed in accordance with the
design concept of the disposal facility and the processes determining radionuclide migration are
shown in Fig. J.3.
Seepage
Layer of sand
,

Layer of clayey substance
Layer of sand
Reinforced concrete cover

Radioactive waste

Diffusi

s:
o

"o

Reinforced concrete bottom
-

i

I

Base

Fig. J.3. Concept of vault's engineering barriers and
processes determining radionuclide migration

The characteristics of a vault's engineering barriers based on the data of [J7] and assessed in
the analysis of radionuclide migration are summed up in Table J.2.
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Table J.2. Parameters of engineering barriers of repository's vault

Barrier
Layer of
sand
Layer of
clayey
substance
Layer of
sand
RC cover
Rad.
waste
RC
bottom
Base

Seepage
coefficient, m/s
With
With
barrier
barrier
intact
degraded

Coefficient of
effective
diffusion,
cm2/s

Thickness, m

Density
of dry
substance,
kg/m3

Void
factor

Sand

0.5

-

-

-

-

-

Smectitic
clay

1.5

2000

0.25

lxlO"10

lxlO"10

lxlO"10

-

-

-

-

-

Substance

Sand
Concrete
Cement
matrix

0.4

2300

0.15

lxl0" y

1x10-*

lxlO"7

6.5

2000*

0.25*

lxlO"9

lxlO"8

lxlO"6

Concrete

0.6

2300

0.15

lxlO"9

lxlO"8

lxlO' 7

Mixture of
sand/gravel/
pebble

1.0

2000

0.40

5x10"7

-

8xlO"6

* values selected for cemented waste

The summary of parameters of the aeration zone based on geological-hydrogeological
conditions of the sites described in Appendix B and assessed in the analysis of radionuclide
migration is given in Table J.3.
Table J. 3. Parameters of upper low pereable zone at sites proposed for the repository's construction

Site

Substance

Thickness, m

Density of dry
substance,
kg/m3

Galilaukė
Apvardai

Loam
Loam

30
3.5

1950
1950

Void
factor

Seepage
coefficient,
m/s

0.25
0.25

lxlO" 7
lxlO- 7

Coefficient of
effective
diffusion,
2
cm /s
lxlO" 6
lxlO" 6

The parameters of the aquifer based on geological-hydrogeological conditions of the sites
described in Appendix B and assessed in the analysis of radionuclide migration are summed up in
Table J.4.
Table J.4. Parameters of aquifer at sites proposed for the repository's construction

Site

Substance
dominant
in aquifer

Thickness, m

Density of
dry
substance,
kg/m3

Void
factor

Water
flow,
m/yr

Galilaukė
Apvardai

Sand
Sand

10
2.2

1900
1900

0.3
0.3

6.31
2.21

Coefficient of dispersion
In flow
In cross
In flow
direction,
direction
direction,
towards
towards
towards
borehole
borehole
lake, 300
(well), 150 (well), 150
m away
m away
m away
—
15

15

1.5*

130

* assessed for C radionuclide in analysis of barrier degradation scenario when exposure takes place via
borehole (well)
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Pathways of radionuclide migration in the geosphere at the sites proposed for the
repository's construction are characterized in Appendix B. The exposure resulting in maximum
doses takes place via the following pathways at the sites under consideration: 1) The water of the
well (borehole drilled down to the groundwater aquifer) at Galilaukė and Apvardai sites; and 2)
The water of Lake Apvardai, as the area of discharge of ground water via which radionuclides
migrating from the repository are borne, at Apvardai site. The principal parameters of the
biosphere are presented in Table J.5.
Table J.5. Key parameters of the biosphere

Parameter
Average depth of Lake Apvardai, m
Area of Lake Apvardai, ha
Thickness of upper layer of sediment in Lake Apvardai, m
Water exchange in Lake Apvardai, %/year
Yield of root-crops, kg/m2
Yield of leaf vegetables, kg/m2
Amount of meat consumed by a resident, kg/year
Amount of dairy products consumed by a resident, kg/year
Amount of root-crops consumed by a resident, kg/year
Amount of leaf vegetables consumed by a resident, kg/year
Amount offish consumed by a resident, kg/year
Amount of water consumed by a resident, kg/year
Time spent on contaminated soil, hr/year
Rate of inhalation, m /hr
Area of watered garden, m2
Thickness of topsoil, m
Overall thickness of top and bottom layers of soil, m
Amount of removed soil, kg/m2/year
Number of dairy cattle
Number of cattle for meat
Amount of water consumed by dairy cattle, I/day/head
Amount of water consumed by cattle for meat, I/day/head
Amount of vegetables consumed by dairy cattle, kg/day/head
Amount of vegetables consumed by cattle for meat, kg/day/head

Value
2.65
550.2
0.02
218
0.5
0.7
95
940
66
18
11
600
50
1
200
0.25
1
0.005
4
4
70
40
1
1

Outlining and justifying scenarios of radionuclide migration in the environment
The scenarios can be constructed and selected in several ways [J2]: a) by analyzing the list
of important processes and events that may affect the evolution of a near-surface repository; b)
through the use of generalized scenarios constructed and analyzed for similar near-surface
disposal facilities; and c) through a formalized procedure.
In the present EIA report scenarios were selected through a formalized procedure consisting
of four principal steps:
1. The system of radioactive waste disposal under consideration is broken down into the
main components;
2. Characteristic states of the components are defined;
3. Combinations of states and scenarios resulting from them are constructed;
4. Scenarios are generalized and grouped.
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Three components (zones) of radionuclide transfer have been distinguished for assessing the
effects of radionuclide migration (Fig. J.2.): (i) the close field; (ii) the distant field (the
geosphere); and (iii) the biosphere.
The close field that comprises radioactive waste and engineering barriers can be of the
following states:
- unchanged, i.e. engineering barriers have retained their design characteristics. In this case
water will not enter the repository or a minimal flow of water, depending on the repository's
design and specific features of engineering barriers, will take place in the repository;
- naturally degraded, i.e. seepage of water into the repository and the flow of water in it
begin and increase due to natural aging of barriers;
- completely degraded, i.e. engineering barriers no longer restrict the flow of water in the
repository, and its intensity is dependent on local natural conditions, viz. the amount of
precipitation getting into the facility.
It was assumed in the present report that the repository would remain in the unchanged state
during the first 100 years after its closure, when maintenance is conducted during the period of
active institutional surveillance and, if necessary, remedial measures are taken. It was also
assumed that during the period of passive surveillance (100-300 years after the facility's closure)
the repository would enter the state of natural degradation, when concrete barriers under the
repository start disintegrating and would uniformly degrade. However, the restrictions on
activities effective at the repository's site during the period of passive surveillance are sufficient
for the disposal facilities to remain intact and to preserve design parameters. The intensity of flow
through the repository to some extent depends on partially degraded concrete barriers and design
hydraulic conductivity of clay barriers. When institutional surveillance is over (300 years after the
repository's closure), the state of the facility's engineering barriers may be either naturally
degraded or completely degraded. In the former case, concrete barriers are completely degraded,
whereas barriers of natural substances (clay) retain their design properties. Complete degradation
can occur as a result of unpredictable natural phenomena or human activities rather than usual
natural processes.
Two scenarios of engineering barriers' evolution were outlined on the basis of the defined
states, viz. the more likely scenario of normal evolution, and the more conservative scenario of
degradation of engineering barriers (Table J.6.) The rate of water flow in the repository for all the
states was estimated in accordance with the methodology proposed in [J7].
Table J.6. State of repository's engineering barriers and scenarios of barriers' evolution

Engineering barriers' evolution scenario
Normal evolution
Degradation of engineering barriers
State of
State of
Flow of water in
Flow of water in
engineering
engineering
repository, m/year
repository, m/year
barriers
barriers
Active, 100 years Unchanged
0.015
Unchanged
0.015
Passive, 100-300 Naturally
0.015-0.021
Naturally
0.015-0.021
years
degraded
degraded
None, over 300 Naturally
0.021
Completely
0.200
years
degraded
degraded
Institutional
supervision,
period

The components of the distant field (the geosphere) and the biosphere are assumed as stable
throughout the evolution period. No other states of the components are assumed, therefore
scenarios of their potential evolution were not constructed. The scenarios of potential radionuclide
migration via a water pathway are dependent on the scenarios of engineering barriers' evolution.
The latter together with the invariable components of the geosphere and biosphere make up the
scenarios of the repository's normal evolution and degradation of its engineering barriers.
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Mathematical models
Radionuclide migration in the repository and aeration zone was calculated by computing a
one-dimensional equation of advection and diffusion transfer, with dispersion and radioactive
decay processes taken into account. The DUST computer code [J8] was used for solving the
equation. The equation is solved with the method of finite differences, by dividing the vertical
cross-section of the repository's vault and the aeration zone into identical 10-cm-high cells.
The dynamics of precipitation seepage through the facility's barriers and of the repository's
filling with water (saturation) was not taken into consideration. It was conservatively assumed
that following the facility's closure the pores of radioactive waste packages and filler are
completely saturated with water. The matrix of waste cemented at the repository is an important
engineering barrier whose physical and chemical properties determine the leakage of
radionuclides into their medium. Emission of radionuclides from a waste matrix was not modeled
in the analysis of radionuclide migration. Radionuclides were assumed to be completely dissolved
in the pore water of the medium and uniformly distributed in the vault, and thus all possible
technologies of final treatment of radioactive waste were taken into consideration. Equilibrium is
assumed to have settled between concentrations of radionuclides in the liquid and solid phases (in
the water and absorbing substance, respectively). Humidity, the coefficients of effective diffusion
and hydrodynamic dispersion (Table J.2.) were assumed to be constant. Physical-chemical
processes limiting solubility of radionuclides were not taken into consideration either. Also,
activity of radionuclides expected at the beginning of the facility's operation rather than the
beginning of its institutional supervision was used in the calculations as today it is not known in
what stages and amounts the waste is going to be disposed of after the repository has been
constructed. Given the abovementioned assumptions used in the calculations, the results of the
estimates of radionuclide migration from the repository should be viewed as conservative (i.e. the
migration was overestimated). Consequently, the potential environmental effects of radionuclide
migration were also overestimated.
Radionuclide migration in the aquifer was computed through solving a one-dimensional
equation of advection transfer with the processes of hydrodynamic dispersion and radioactive
decay taken into account. The GWSCREEN computer code [J9] was used for solving the
equation. In most cases only one-dimensional (longitudinal) dispersion was taken into
consideration, therefore the estimates of radionuclide migration via the aquifer should be viewed
as conservative (i.e. the migration was overestimated). As a result, the potential environmental
effects (exposure to ionizing radiation) of radionuclide migration were also overestimated.
To determine the potential exposure of the population to which it will be subjected by
drinking the water from the well (a borehole drilled into the aquifer), the dose was calculated that
a resident would receive if the well were installed near the repository's fence. The boundaries of
the would-be sanitary protection zone of the facility and possible restrictions on economic
activities within them were not taken into consideration. The radionuclides leaking from a vault
were assumed to reach a well drilled 150 m away from the vaults. A resident drinks 0.6 m (or
600 1) of water per year on average.
The potential exposure of the population that it would receive if radionuclides entered Lake
Apvardai was analyzed with the AMBER code [J10]. The code solves a linear differential
equation that models radionuclide exchange between the components of the system under
consideration (the lake). The conceptual model of radionuclide migration in the lake (Fig. J.4.)
was constructed on the basis of [J11,J12,J13]. The description of radionuclide transfer from one
part of the system to another and out of the system is given in Table J.7. The expressions of
transfer coefficients are given in [Jl 1,J12,J13].
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TC9
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1
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1
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•
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particles

TC 10

TC 11

TC 3

Flow
Deeper
soil layer

X

TC13

TC7

TC4

TC5
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1

TC6
Deeper
sediments
Fig. J.4. Conceptual model of the lake. X stands for the point at
which radionuclides start entering the lake

Table J. 7. Transfer coefficients for the lake model

Coefficient

TC 1
TC2
TC3
TC4
TC5
TC6
TC7
TC8
TC9
TC 10
TC 11
TC 12
TC 13
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Description
Decrease in amount of radionuclides due to exchange of suspended particles with
lake water.
Sorption of radionuclides in the lake's suspended particles.
Desorption of radionuclides from the lake's suspended particles.
Transfer of radionuclides from the upper layer of sediments back into suspended
particles.
Settling of radionuclides onto the lake bottom with suspended particles.
Transfer of radionuclides from the upper layer of sediments into deeper
sediments.
Decrease in amount of radionuclides in the lake due to exchange of the lake
water.
Transfer of radionuclides into vegetables and topsoil due to watering of gardens
with the lake water.
Transfer of radionuclides from suspended particles into vegetables and topsoil
due to watering of gardens with the lake water.
Transfer of radionuclides from topsoil into deeper layers of the soil due to
watering and activity of bio-organisms.
Transfer of radionuclides from deeper layers of the soil into topsoil due to activity
of bio-organisms.
Removal of radionuclides from the system due to erosion (or excavation) of soil.
Transfer of radionuclides from lower layer of the soil back into the lake water.

The AMBER code was also used for computing the potential exposure of the population.
The parameters necessary for dose estimates and their values are given in [Jl 1,J12,J13,J14,J15];
some of them are presented in Table J.5. Most of the parameters are generic and only a few reflect
local conditions. A local resident's summary annual effective dose was estimated comprising
(Fig. J.5.):
• external exposure due to a contaminated plot of land;
• internal exposure resulting from:
• inhaled (while working in the garden) contaminated dust of the soil;
• potable water from the lake;
• consumption of meat and milk from the cattle grazing on the lake shore;
• consumption of vegetables watered with water from the lake;
• consumption offish caught in the lake.
Lake water
Watering

Consumption

1
T

Cattle

Topsoil

T

1
Dust

I

\

Milk

Meat

Vegetables

Fish

I

*

•

Swallowing

Inhalation

1

Internal exposure

External exposure

Į

•''

' • ^•

H u m a n

:

[ ; \ : į r - : ' - . - , ' •••

1

Fig. J.5. Pathways of exposure estimated with the use of lake model
The DUST, GWSCREEN and AMBER computer codes used for the estimates had also been
used in the ISAM project for solving test problems of safety analysis of near-surface repositories
and were included (except for GWSCREEN) in the list of computer codes recommended by the
IAEA for analyses of this type [J2]. Information on the verification of model used for
radionuclide migration in the biosphere is supplied in [Jl 2].
Results of calculations based on the scenario of normal evolution of the repository
The analysis of the migration of 18 radionuclides in the repository and the geosphere
showed that only 12 of these would reach the zone of biosphere with ground water. The shortlived radionuclide of low sorbability 90Sr, the short-lived highly sorbable radionuclides 137 Cs and
24
63
241
238
'Pu, as well as the long-lived radionuclides Ni, Am and Pu would not be transferred to the
points of groundwater discharge.
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Only effective doses of the 12 radionuclides that will reach the biosphere were estimated.
viz.: C\ 1291,59Ni, 94Nb, "Tc, U 235 U. 238 U. 237 Np. 'Pu and 240Pu.
Changes in effective doses of the assessed radionuclides at Galilauke site where the forecast
pathway of exposure is a borehole (well) drilled 150 m away from the repository's vaults are
shown in Fig. J.6. The results indicate that the u.C radionuciide would cause the heaviest
exposure. The maximum exposure would be expected some 9-10 thousand years after the
repository's closure and would be negligible, lower by 2 orders of magnitude than the annual dose
constraint of 0.2 mSv. The exposure caused by other radionuclides would be lower still.
Changes in effective doses of the assessed radionuclides at Apvardai site where the forecast
pathway of exposure is a borehole (well) drilled 150 m away from the repository and Lake
Apvardai 1300 meters away, are shown in Figs. J.7. and J.8. In this case the potential exposure
would be lower by 2-3 orders of magnitude than the dose constraint, too.
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Fig. J.6. Changes in effective doses due to radionuciide migration at Galilauke site in accordance
with the scenario of normal evolution when contaminated ground water enters a borehole (well)
drilled near the repository, and their comparison with the annual dose constraint of 0.2 mSv
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Fig. J.7. Changes in effective doses due to radionuclide migration at Apvardai site in accordance with
the scenario of normal evolution when contaminated ground water enters a borehole (well) drilled
near the repository, and their comparison with the annual dose constraint of 0.2 mSv
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Fig. J.8. Changes in effective doses due to radionuclide migration at Apvardai site in accordance with
the scenario of normal evolution when contaminated ground water enters Lake Apvardai, and their
comparison with the annual dose constraint of 0.2 mSv
Results of calculations based on the scenario of degradation of the repository's
engineering barriers
The analysis of the migration of 18 radionuclides in the repository and the geosphere
showed that only 12 of these would reach the zone of biosphere with ground water. The shortlived radionuclide of low sorbability 90Sr, the short-lived highly sorbable radionuciides l37Cs and
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Pu, as well as the long-lived radionuclides 6 Ni, 241 Am and 238 Pu would not be transferred to the
points of groundwater discharge.
Only effective doses of the 12 radionuclides that will reach the biosphere were estimated.
i4
viz.: C , I29 I 5 9 Ni, 9 4 Nb, w T c , 2 3 4 U, 2 3 5 U. 2 3 8 U, 2 3 7 Np. 23 "Pu and 240 Pu.
Changes in effective doses of the assessed radionuclides at Galilauke site where the forecast
pathway of exposure is a borehole (well) drilled 150 m away from the repository's vaults are
shown in Fig. J.9. The results indicate that the maximum exposure of up to 0.036 mSv/year would
be expected some 3200-4000 years after the repository's closure. The effects of the l4C
radionuclide would be the heaviest. The exposure nevertheless would be approximately five times
less than the annual dose constraint of 0.2 mSv.
Changes in effective doses of the assessed radionuclides at Apvardai site where a major
pathway of exposure is a borehole (well) drilled near the repository are shown in Fig. J.10. It
should be noted that one of the conservative assumptions described in the subsection
Mathematical models was not included in the calculations of the 14C radionuclide migration when
analyzing this pathway of exposure. A two-dimensional dispersion, i.e. the effects of dispersion in
both, along and across the direction of the water flow, was taken into consideration in the
estimates of migration of this radionuclide with ground water. The results show that the maximum
values of exposure (up to 0.16 mSv/year) are to be expected 3600-4000 years after the
repository's closure, when the effects of the I4C radionuclide would be the heaviest. This
exposure, however, would be lower by 20% than the annual dose constraint of 0.2 mSv.
Changes in effective doses of the assessed radionuclides at Apvardai site where the pathway
of exposure is Lake Apvardai 1300 m away from the repository are shown in Fig. J.I 1. In this
case, the potential exposure would be eight times lower than the dose constraint. Thus at Apvardai
site the dose constraints would not be exceeded.
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Fig. J.9. Changes in effective doses due to radionuclide migration at Galilauke site in accordance
with the scenario of degradation of engineering barriers when contaminated ground water enters a
borehole (well) drilled near the repository, and their comparison with the annual dose constraint of
0.2 mSv
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Fig. J.IO. Changes in effective doses due to radionuclide migration at Apvardai site in accordance
with the scenario of degradation of engineering barriers when contaminated ground water enters a
borehole (well) drilled near the repository, and their comparison with the annual dose constraint of
0.2 mSv
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Fig. J.I I. Changes in effective doses due to radionuclide migration at Apvardai site in accordance
with the scenario of degradation of engineering barriers when contaminated ground water enters
Lake Apvardai, and their comparison with the annual dose constraint of 0.2 mSv

The comparison of effective doses estimated for Apvardai and Galitauke sites shows that at
the former where the aeration zone and aquifer are considerably thinner and therefore the
migrating radionuclides would reach ground and surface water faster, the exposure would be
lower by 20% than the annual dose constraint of 0.2 mSv. Furthermore, according to the estimates
of exposure in the case of well water acting as the pathway of migration, the dose constraint
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would not be exceeded only when the less conservative case of two-dimensional dispersion was
assumed instead of the conservative one-dimensional dispersion.
Comparison of calculation results with safety criteria
The potential migration of radionuclides from the repository due to degradation of
engineering barriers and the resultant exposure of the population were assessed for the period of
100 thousand years after the facility's closure. For the analysis geological and hydrogeological
conditions of the proposed sites were taken into consideration.
The annual effective dose caused by all the radionuclides reaching the biosphere estimated
in accordance with the scenario of the repository's normal evolution at Galilaukė site does not
4
3
exceed 4.1X10" mSv and 9xlO" mSv at Apvardai site (based on the well model), and 6.2x10
mSV at the latter based on the lake model.
The annual effective dose caused by all the radionuclides reaching the biosphere estimated
in accordance with the scenario of the degradation of engineering barriers at Galilaukė site does
not exceed 0.037 mSv and 0.18 mSv at Apvardai site (based on the well model), and 0.025 mSV
at the latter based on the lake model.
In the case of both, Galilaukė and Apvardai sites, the estimated annual effective dose is less
than the annual dose constraint of 0.2 mSv. The potential exposure in the former is less than in the
latter.
The values of limiting activity Aj,max of the packages of radioactive waste intended for
disposal at the repository were calculated from the equation given in the standard document [Jl]:
'

x) X A, ,

where ; is the radionuclide under consideration ;
Aj is the specific activity of the radionuclide under consideration in a container;
Diim is the annual dose limit (0.2 mSv);
Dj, max is the estimated maximum annual effective dose received by a resident drinking
contaminated water from the well.
The values of limiting activity A;, m a x of the analyzed radionuclides at Galilaukė and
Apvardai sites for the considered scenarios are presented in Table J.8.
Table J.8. Estimated values of limiting activity for waste packages at Galilaukė and Apvardai sites in the
case of the analyzed scenarios
Radionuclide
J

H
C
129
I
59
Ni
94
Nb
99
Tc
2J4
U
2J5
U
14

2J8

2JV

u

Np
2J9
Pu
240
Pu
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Values of limiting specific activity Aį m „ in Bq/m3
Galilaukė site
Apvardai site
Scenario of normal
Scenario of barrier
Scenario of normal
Scenario of barrier
evolution
degradation
evolution
degradation

5.91xlO19
7.93x10"
5.45x106
3.95xlO21
8.00xl0 J2
1.52x10"
7.94x10'°
1.37x10'°
2.57xlO9
8.07x109

—
-

1.32xlO16
7.74xlO19
5.41xl05
7.60x109
2.52xlO12
1.12x10'°
1.83xlO9
1.46xlO9
2.74x10"
6.47x108
8.43xlOIJ
6.48x1025

8.29x10'°
5.91xlO9
2.85xlO5
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The values of the criterion Y = ^ ] — ' — for Galilaukė and Apvardai sites in the case of the
1

;,max

scenarios under consideration are given in Table J.9.
Table J.9. The values of the criterion Y for the proposed sites in the case of the scenarios under
consideration

Site
Galilaukė
Apvardai

Scenario
Normal evolution
Barrier degradation
Normal evolution
Barrier degradation

Value of criterion Y
0.002
0.18
0.047
0.90

As can be seen from the tabulated values, the criterion Y is satisfied (i.e. its value is under 1)
at both sites in all the cases under consideration. The values of the criterion are higher for
Apvardai site, and in the case of the barrier degradation scenario it approaches 1.
The assessment of uncertainties of calculation results
The uncertainties affecting the assessment of impacts can be grouped into the following
main categories [J2]: 1) scenario uncertainties are uncertainties associated with inaccuracies
envisaged by the system in the evolution; 2) model uncertainties are those associated with
oversimplifications of reality applied in conceptual models and the differences in the software and
mathematical models used for simulation; 3) parameter uncertainties that depend on whether or
not the parameters used are suitable for the environment under consideration. If the values of the
parameters are described as functions of distribution of probabilities, probabilistic analysis of
uncertainties is possible using statistical modelling. The present subsection deals with the
uncertainties of the results of assessment of radionuclide migration from a near-surface repository
via a water pathway and its environmental impact as well as with possible calculation errors.
Two possible scenarios of the repository's evolution were analyzed in the present report,
viz. the more probable scenario of the facility's normal evolution and the less likely, conservative
scenario of degradation of engineering barriers. In both, natural degradation of concrete barriers
was conservatively assessed. It was assumed that the barriers would completely disintegrate in
300 years and no longer restrict the flow of water in the repository. In the scenario of degradation
of engineering barriers it was also assumed that following the envisaged institutional surveillance
the repository's engineering barriers can be completely destroyed faster than because of the
effects of natural processes. The results of this scenario reflect the environmental impacts of the
repository completely destroyed 300 years after its closure without analyzing the factors that
might have affected its engineering barriers. The comparison of Figs. J.6. and J.9., J.7. and J. 10.
shows how the uncertainties of the facility's evolution affect the estimated doses for Galilaukė
and Apvardai sites, respectively. It can be seen that the maximum values of doses can differ as
many as forty times and more. Nevertheless the limiting dose is not exceeded.
While estimating radionuclide migration in the aeration zone it was assumed that the
radionuclides emitted from the repository's vaults are transferred by water flow vertically
downwards to the nearest aquifer. This assumption is correct for Galilaukė site where the aeration
zone is very small. At Galilaukė site the aeration zone is larger and actual migration of
radionuclides can take place in several directions. Part of the radionuclides would be transferred
down to the nearest aquifer, however, another part can be transferred within the aeration zone by
the possible horizontal water flow and enter the wells of residents in the repository's vicinity or
surface water bodies nearby without ever reaching the aquifer. For assessment of the influence on
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radionuclide migration of the probable horizontal water flow in the aeration zone at Galilauke site.
an additional marginal scenario was analyzed. It was conservatively assumed that all the
radionuclides leaking from the repository's vaults are transferred along the aeration zone that has
the following parameters: thickness = 25 m, density = 1950 kg/m\ void factor = 0.25, coefficient
of diffusion = lxlO"6, coefficient of dispersion in flow direction = 15 m, hydraulic gradient =
8x!0~\ and seepage coefficient = lxlO"7 m/s. It was assumed that water contaminated with
radionuclides enters the well of a resident drilled near the repository's fence (150 m away from its
vaults). Changes in effective doses due to radionuclide migration at Galilauke site in accordance
with the scenarios of normal evolution and degradation of engineering barriers are shown in Figs.
J.I2. and J.I3. Only the radionuclide l4C would reach the well during the period under
consideration. In the case of the scenario of normal evolution, the potential maximum exposure
would occur some 80,000 years after the facility's closure and would amount to ~3.3x 10"7
mSv/year. In the case of the scenario of degradation of engineering barriers the maximum
exposure (some 9.1xlO"6 mSv/year) would be some 70 000 years after the repository's closure. As
can be seen this scenario of radionuclide migration assessment is less conservative than those
taking into consideration only the vertical migration of radionuclides in the aeration zone down to
the nearest aquifer, where the maximum doses would be higher by three or four orders of
magnitude.
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Fig. J.I2. Changes in effective doses due to radionuclide migration at Galilauke site in accordance
with the scenario of normal evolution when radionuclides are transferred in the aeration zone by
possible horizontal water flow and enter a well near the repository
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Fig. J.I3. Changes in effective doses due to radionuclide migration at Galilauke site in accordance
with the scenario of degradation of engineering barriers when radionuclides are transferred in the
aeration zone by possible horizontal water flow and enter a well near the repository

When assessing other possible uncertainties of the mathematical model of radionuclide
migration and parameters used in it, the conservativeness of assumptions based on which the
mathematical models were constructed must be emphasized. The activity of the disposed
radioactive waste was assessed conservatively. As noted in the subsection Mathematical models a
radioactive waste package was not assessed as an additional barrier limiting radionuclide
migration. The dynamics of seepage of precipitation through the repository's barriers and the
repository's saturation were not taken into consideration although preliminary assessment [J7]
shows that the facility's saturation can take hundreds of years. In most cases only onedimensional (longitudinal) dispersion was considered without taking into account the possible
decrease in concentration of radionuclides in the water due to transverse dispersion. The values of
seepage in the geosphere were selected conservatively, although the conducted laboratory tests
show that the values of seepage coefficients could be much lower (see Appendix B). While
selecting sorption coefficients, the most probable values were assumed that in most cases were
also conservative. Given the conservativeness of the assumptions used in the calculations, the
results of the estimates of radionuclide migration from the repository should also be viewed as
conservative (i.e. the migration was overestimated). Consequently, the potential environmental
effects of radionuclide migration (exposure to ionizing radiation) were probably also
overestimated.
The influence of the parameters* uncertainty was separately assessed for the model of the
biosphere of Lake Apvardai. As can be seen from the results of exposure calculations presented in
previous subsections, the potential environmental effects of radionuclide migration are heavier at
Apvardai site. The I4C radionuclide would cause the largest exposure doses. The environmental
effects of other radionuclides would be much less. Therefore whilst estimating the influence of
uncertainties of the parameters of Lake Apvardai biosphere model, their effects on the value of
the maximum exposure of the l4C radionuclide were analyzed. The probabilistic distributions of
the model's parameters, their marginal and most likely values were taken from [Jl 1,J12,J13]. The
Monte Carlo statistical simulation with the AMBER code was used for the analysis of
uncertainties. The values of all the parameters used in the model were varied as prescribed in
[Jl 1,J12,J13]. The relationship between the maximum exposure dose caused by migration of the
C radionuclide and the uncertainty of the parameters is shown in Fig. J.I4. The maximum
effective dose caused by the l4C radionuclide estimated for the scenario of normal evolution can
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range from 4.0x10*5 mSv/yearto 7.3xlO'4 mSv/year. if the most likely value of the dose (-5.5x10'
mSv/year) is used. The maximum effective dose caused by the 14C radionuclide estimated for
the scenario of barrier degradation can range from 1.8x10'3 mSv/year to 3.6xlO"2 mSv/year, if the
most likely value of the dose (~2.5xl 0"2 mSv/year) is used.
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Fig. J.I4. The relationship between the maximum exposure dose caused by migration of the I4C
radionuclide and the uncertainty of the parameters of Lake Apvardai biosphere model in
accordance with the scenarios of normal evolution and degradation of engineering barriers. The
dose values marked with dashes stand for those estimated from the most likely values of the
parameters.
When assessing the uncertainties of the used computer codes, their effects on the migration
of the I4C radionuclide in the environment of Lake Apvardai were analyzed. These uncertainties
were assessed for the computations performed with different computer codes for the radionuclide
transfer in the zones affected by the repository (i.e. in the close field, in the distant field and in the
biosphere). In the first case, the environmental impact was assessed with the DUST code for
estimating the radionuclide migration within the repository and the aeration zone, the GW
SCREEN code for estimating radionuclide migration in the aquifer, and the AMBER code for the
biosphere model of Lake Apvardai. In the second case, radionuclide migration in all the zones and
its environmental impact were assessed with the use of the AMBER code only. The results of the
two calculations were compared. The difference between the estimated doses is ~ 10% in the case
of the normal evolution scenario (see Fig. J.I 5.) and ^20% in the case of the barrier degradation
scenario (Fig. J.16.). The uncertainties of the used computer codes are thus negligible.
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Fig. J.I 5. Changes in efTective doses due to radionuclide migration at Apvardai site in accordance
with the scenario of normal evolution, when contaminated ground water gets into Lake Apvardai,
with radionuclide migration assessed with the AMBER code only, and with radionuclide migration
in individual zones calculated with different codes (DUST+GWSCREEN+AMBER).
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Fig. J.I6. Changes in effective doses due to radionuclide migration at Apvardai site in accordance
with the scenario of degradation of engineering barriers, when contaminated ground water gets into
Lake Apvardai, with radionuclide migration assessed with the AMBER code only, and with
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migration
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zones
calculated
with
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codes
(DUST+GWSCREEN+AMBER).
Measures aimed at mitigating the effects
The possible measures of mitigating the effects of ionizing radiation are as follows:
• adequate selection of acceptability criteria for disposal of radioactive waste;
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•

•
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enhancing reliability of engineering barriers through selection of suitable
construction materials and ensurance of good workmanship in the course of
construction;
adequate selection of the repository's institutional surveillance period.

J.2. SIMULATION OF RADIONUCLIDE MIGRATION FROM THE
REPOSITORY AT GALILAUKĖ SITE USING THE FEFLOW AND
AMBER CODES
By Jonas Mažeika, Rimas Petrošius and Vaidote Jakimavičiūtė-Maselienė

Assessment of groundwater flows - the results of simulation with FEFLOW code
Groundwater levels in all the simulated area of Galilaukė site were estimated with the
FEFLOW code (Fig. J.17.) corresponding to spatial and hydraulic features of the model domain as
well as initial and boundary conditions. All the details are provided in the report [J16].
The results of groundwater level observations conducted at Galilaukė site in 2004-5 are
generalized. The absolute elevation of ground water in the observation wells in the vicinity of the
proposed repository fluctuated from 153.75 to 157.76 m in the western part (boreholes 8 and 9),
and from 146.95 to 153.39 m in the eastern part (boreholes 6 and 7).
Water level reacts very promptly to precipitation in the boreholes drilled in the central part
of the hill, especially in its upper part, as the boreholes drain sandy fissures in the till in the
vicinity of the borehole. When the water level fully recovers after several weeks, in boreholes 5
and 5a it mostly fluctuates between 0.07 and 2.0 m from the ground surface.
At Galilaukė site where the soil is of low permeability the values of hydraulic conductivity
range from 3.3xl0'8 to 8.8xl0"8 m/s. Ground water at this site drains towards the Gulbinėlė and
Drūkša streams, and forms separate drainage zones divided by the nearly impermeable central
part of the hill. Changes in the three zones of the hill are somewhat different. The water of
aquifers located between moraines and that of the Devonian aquifer flows towards Lake Drūkšiai
and thence towards the Daugava.
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Fig. J. 17. Simulated groundwater level at Galilauke site (m a.s.l.)
The main simulated elements of groundwater balance are reflected in Fig. J. 18.
The balance elements integrated for the entire simulated area in units of height can be
expressed as follows: seepage recharge - 30.7 mm/yr. inflow through the outer boundaries - 17.8
mm/yr. discharge into ditches, streamlets and the lake - 45.7 mm/yr. evaporation from the
groundwater surface - 0.7 mm/yr. and imbalance - 0.7 mm/yr (+).
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Fig. J. 18. Simulated groundwater balance at Galilauke site.

Assessment of conditions of radionuctide migration in the geosphere - the results of
simulation with the AMBER and FEFLOW codes
The results of computations with the AMBER code in different expressions are shown in
diagrams (Figs. J. 19.-J.25.).
Changes in radionuclide inventory in a single module of the repository considering decay
and transport from the disposal facility are shown in Fig. J.I9.
In terms of activity, initially Cs dominates at the repository. In 200. 50,000 and 200,000
14
years, C, 59Ni and MTc start prevailing, respectively.
The history of an individual radionuclide (mobile and long-lived I4C) in every
compartment of the model is shown in Fig. J.20.
I
In terms of the maximum emission into the environment, the highest activities of ' C are
to be expected in 10.000 years, and the values of activities in the closest compartments range from
103 to 10 Bq4/m3. In the environmental components associated with the lake activities are much
lower due to heavy dilution.
Changes in activities of the main radionuclides in ground water 150 m away from the
repository are shown in Fig. J.21.
In all the cases radionuclide activities below the maximum permissible values are to be
expected (the maximum permissible activities of the main radionuclides corresponding to the
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effective dose of 0.2 mSv/yr if water were used for drinking are as follows: 3H - 1.5xl0 7 Bq/m 3 ,
I4
C - 4.7x10 5 Bq/m3, and 129I - 5.5xl0 3 Bq/m 3 ).
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Fig. J.I 9. Changes in radionuclide inventory in a single module of the repository
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Fig. J.21. Changes in activities of the main radionuclides in
ground water 150 m away from the repository
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Fig. J.22. Effective doses caused by parent radionuclides for the
case of an adult using for drinking water from a well drilled in
the trail of contamination 150 m away from the repository.
I will be the first to reach the highest concentration in ground water (in 4000 years),
followed by I4C (in 10.000 years). w Nb (in 80.000 years), and 59Ni (in 200.000 years). The
highest concentrations of activities are forecast for59Ni (<10 Bq/m3), I4C (<2000 Bq/m3), and l29I
(<10 Bq/m3). The use of the data of radionuclide activity in water enables to assess and forecast
the values of effective dose received by members of the critical group of population. The
calculations were conducted for the scenario of normal evolution.
Two cases of the biosphere were analyzed in the assessment of exposure, a well drilled
150 m away from the repository's module or in the adjacent bog whose water is used for drinking,
and the lake model.
The doses of parent radionuclides and the dose resulting from all radionuclides in the case
of a well drilled at a distance of 150 m are shown in Fig. J.22.
If water for drinking were taken from a groundwater well 150 m away from the repository,
the main radionuclides forming the dose in the long term would be I4C, 129I. 94Nb, 99Tc and 234U
as well as their daughter products. The highest effective dose is to be expected in 9000 years and
would only amount to 1.2xlO"6 Sv/year.
The doses of parent radionuclides and the dose resulting from all radionuclides in the case
of a well drilled in the bog are shown in Fig. J.23.
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Fig. J.23. Effective doses caused by parent and daughter
radionuclides for the case of an adult using for drinking water
from the bog adjacent to the repository.
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Fig. J.24. Effective doses caused by main radionuclides for the case
of an adult drinking milk of a cow watered from Lake Druksiai
and fed with fodder associated with the lake.
I

If water for drinking were taken from the well drilled in the bog (an absolutely
conservative hypothesis) 150-400 m away from the repository, the main radionuclides forming the
dose in the long term would be the same (14C, I29I, Nb.99Tc and 234U as well as their daughter
products), and the effective dose would be less by an order of magnitude.
All other pathways of exposure related to Lake Druksiai are much less significant than the
case of a groundwater well. E.g. the exposure forecast due to the radionuclides in milk is less than
10' l0 Sv/yr (Fig. J.24.).
The summary dose received through all the pathways (Fig. J.25.) is basically the same as
that resulting from the water pathway, and its maximum forecast values are lower than the dose
constraint by two orders of magnitude.
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Given that only fairly averaged values of radionuclide migration in the environment can be
calculated with the AMBER code, the FEFLOW code was used for detailed analysis of
radionuclide activity in ground water. Points and conditions were sought at the site where higher
activities of radionuclides in ground water can form. However, the results of simulation with the
FEFLOW code allow to maintain that the activities of the main radionuclides were of the same
order of magnitude as those obtained with the AMBER code. The transport of three radionuclides
(3H, l4C, and 129I) with ground water was simulated in detail with the FEFLOW code. Tritium was
chosen as an extremely mobile radionuclide that is the first to migrate into the environment from
the repository's modules. However, its highest activities are forecast at only <1000 Bq/nv (Figs.
J.26.-J. 31.). which is the mean activity of precipitation nowadays. In the case of tritium, however,
it is important that its highest activities are expected in 40 years. The results convincingly show
the importance of monitoring tritium beginning with the period of the repository's construction.
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Fig. J.25. Effective doses of some major parent and daughter radionuclides
received by an adult and associated with wells (150 m away and in the
adjacent bog) and Lake Druksiai. The summary dose is also compared with
the dose constraint.
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Fig. J.26. Changes in tritium activity in ground water with time simulated with
the FEFLOW code in different elements of flow (in borehole 5 vertically
downwards under the repository, in boreholes 1 and 2 in the first layer of ground
water along its flow direction)
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Fig. 3.21. Distribution of tritium activity in layer 1 of ground water 10 years
after the initial moment, the repository's filling, simulated with FEFLOW
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Fig. J.28. Distribution of tritium activity in layer 1 of ground water 39 years
after the initial moment, the repository's filling, simulated with FEFLOW

Fig J.29. Distribution of tritium activity in layer 1 of ground water 39 years
after the initial moment, the repository's filling, simulated with FEFLOW
(Part of the dialog window reflecting in more detail the situation near the facility)

194

H-3, 39 years, section II-II

Bq/m3
0.000©*00
l.O46e*O2
2.092e*02
3.136e*02
4.184e*O2
5.230e*02
S.276e*O2
7.322e*O2
8.3690*02

Fig. J.30. Vertical distribution of tritium activity in section 2 of ground water 39 years
after the initial moment, the repository's filling, simulated with FEFLOW (Part of the
dialog window)

Bq/m3

H-3
100 years, layer 1

1000

300

100

•30

10

Fig. J.31. Distribution of tritium activity in layer 1 of ground water 100 years after
the initial moment, the repository's filling, simulated with FEFLOW.
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I4

C activity in ground water will start growing in 1000 years. The largest values directly
under the repository will be -5000 Bq/m3. while at the lower boundary of the model and 150 m
away from the repository activity of some 1000 Bq/m3 will remain (Fig. J.32.)- Spatial
distribution of I4C activity in ground water at different moments of time is reflected in Figs. J.33.J.39.
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Fig. J.32. Changes in 14C activity in ground water with time simulated with the
FEFLOW code in different elements of flow (in borehole 5 vertically downwards under the
repository, in boreholes 1 and 2 in the first layer of ground water along its flow direction)
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Fig. J.33. Distribution of I4C activity in layer 1 of ground
water 1000 years after the initial moment, the
repository's filling, simulated with FEFLOW
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Fig. J.34. Distribution of l4C activity in layer 1 of ground
water 4500 years after the initial moment, the repository's
filling, simulated with FEFLOYV
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Fig. J.35. Distribution of 14C activity in layer 1 of ground
water 15,000 years after the initial moment, the
repository's filling, simulated with FEFLOW
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C-14, 15000 years, layer 1

Fig. J.36. Distribution of I4C activity in layer 1 of ground water 15,000 years
after the initial moment, the repository's Tilling, simulated with FEFLOW
(Part of the dialog window reflecting in more detail the situation near the facility)
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Fig. J.37. Distribution of I4C activity in layer 7 of ground water 15,000 years
after the initial moment, the repository's filling, simulated with FEFLOW
(Part of the dialog window reflecting in more detail the situation near the facility)
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Fig. J 38. Distribution of I4C activity in layer 1 of ground water 15,000 years after the initial moment,
the repository's filling, simulated with FEFLOW (Part of the dialog window reflecting in more detail
the situation near the facility)
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Fig. J.39. Distribution of 14C activity in layer 1 of ground water 15,000 years after the initial
moment, the repository's filling, simulated with FEFLOW (Part of the dialog window)
l29

I activity in ground water will start growing in 300-400 years. The largest values
directly under the repository (-35 Bq/m3) are to be expected in 1200-1400 years, while at the
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lower boundary of the model and 150 m away from the repository activities will not exceed 10
Bq/m3 (Fig. J.40.). Spatial distribution of I29I activity in ground water at different moments of
time is reflected in Figs. J.41.-J.46.
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Fig. J.40. Changes in I activity in ground water with time simulated with the
FEFLOW code in different elements of flow (in borehole 5 vertically downwards under
the repository, in boreholes 1 and 2 in the first layer of ground water along its flow
direction)
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Fig. J.41. Distribution of I29
I activity in layer 1 of ground water 1000 years
after the initial moment, the repository's filling, simulated with FEFLOW
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Fig. J.42. Distribution of 129I activity in layer 1 of ground water 4000 years after
the initial moment, the repository's filling, simulated with FEFLOW
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Fig. J.43. Distribution of I29I activity in layer 1 of ground water 4000 years after the
initial moment, the repository's filling, simulated with FEFLOW (Part of the dialog
window reflecting in more detail the situation near the facility)
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Fig. J.44. Distribution of I activity in layer 7 of ground water 4000
years after the initial moment, the repository's filling, simulated with
FEFLOW (Part of the dialog window reflecting in more detail the situation
near the facility)
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Fig. J.45. Vertical distribution of 1291 activity in section 1 of ground water 4000 years after
the initial moment, the repository's filling, simulated with FEFLOW (Part of the dialog
window)
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1-129, 4000 years, section II-II
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Fig. J.46. Vertical distribution of " 1 activity in section 2 of ground water 4000 years after
the initial moment, the repository's Oiling, simulated with FEFLOW (Part of the dialog
window)
Computations with the AMBER and FEFLOW codes complement each other and indicate
that the activities of the most important radionuclides in ground water at Galilauke site will be
extremely low all the time, and the effective dose to a resident will be lower by two orders of
magnitude than the dose constraint of 0.2 mSv/yr if a repository for short-lived low- and
intermediate-level waste is constructed there.
The water balance elements integrated for the entire simulated area and expressed in units
of height for Galilauke site are as follows: seepage recharge - 30.7 mm/yr, inflow through the
external boundaries - 17.8 mm/yr, discharge into ditches, streamlets and the lake - 45.7 mm/yr,
evaporation from groundwater surface - 0.7 mm/yr. imbalance - 0.7 mm/yr (+).
The results of computations of radionuclide activities in the elements of water system
show that in all the cases lower than maximum permissible activities of radionuclides are to be
expected in the ground water and the distant field corresponding to the effective dose of 2 mSv/yr
if the water were used for drinking.
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J.3. RADIONUCLIDE MIGRATION SIMULATION AND DOSES
ESTIMATED FOR STABATIŠKĖ SITE
Groundwater flows and radionuclide migration with ground water were assessed with the
model used in the AMBER code. The model is fairly similar to that applied for Galilaukė site.
However, a somewhat different model of radionuclide transport was constructed for Stabatiškė
site. Its main features are as follows: radionuclide transport through advection is taking place in
some 5-m-thick aeration zone which is imitated by a single compartment; the radionuclides from
the aeration zone enter a 20-25-m-thick aquifer composed of sandy-gravelly sediments of good
permeability which is imitated by 10 compartments; the water from the aquifer discharges into
Lake Drūkšiai at least 1000-1200 m away from the site. As a 1150-m-long segment of
groundwater flow is being analyzed, the aquifer is divided into 10 compartments of different
length imitating not only Darcy flow with retardation due to absorption but also hydrodynamic
dispersion as well as dilution of contamination trails as the aquifer width changes in the direction
of water flow.
A sub-model of the biosphere comprises the neighboring cove of Lake Drūkšiai recharged
by the ground water flowing from all the modules of the repository (50 pcs.). The water from
Lake Drūkšiai flows along the Prorva River and is transported outside the system under
consideration. In accordance with the biosphere model, the water of Lake Drūkšiai can be used for
irrigation of individual farms. The results of computations with the AMBER code in different
expressions are shown in diagrams (Figs. J.47.-J.52.).
Changes in radionuclide inventory in a single module of the repository considering decay
and transport from the disposal facility are shown in Fig. J.51. The following values of seepage
recharge were assumed for this case: seepage recharge for the period of up to 100 years is
assumed at 10% of natural recharge or 0.0022 m/yr; for the period of 100-300 years it is assumed
at 100% of natural recharge or 0.022 m/yr, and for the period of over 300 years at 150% of natural
recharge or 0.033 m/yr.
In terms of activity, initially 137 Cs will dominate at the repository. In 200, 50,000 and
200,000 years, 1 4 C, 59 Ni and 99 Tc will start prevailing, respectively. The history of mobile and
long-term 14 C radionuclide in each compartment of the module is shown in Fig. J.52.
In terms of the maximum emission into the environment, the highest activities of C are
to be expected in 8000 years, and the values of activities in the closest compartments of the
groundwater aquifer range from 1 to 4.5 Bq/m3. In the environmental components associated with
the lake, activities are much lower due to intense dilution. The activity concentration of 14 C of
3
global origin in surface water bodies of Lithuania is now approximately 10-12 Bq/m .
Changes in activity of the main radionuclides in ground water 150 m downstream from the
repository are shown in Fig. J.49.
In all the cases radionuclide activities lower than the maximum permissible ones are to be
expected in ground water (the maximum permissible activities of the main radionuclides
corresponding to the effective annual dose of 0.2 mSv if water were used for drinking are as
3
7
3 I4
5
3 129
3
3
follows: H - 1.5x10 Bq/m , C -4.7x10 Bq/m , I - 5.5xl0 Bq/m ).
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Fig. J.47. Radionuclide inventory history in a single module of the repository
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Fig. J.48. Changes in 14C activity concentration in water versus time in
different compartments
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Fig. J.49. Changes in activity concentrations of key radionuclides versus time
in groundwater from well located 150 m downstream from repository
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Fig. J.50. Effective dose from parent radionuclides for an adult member of critical
group. Exposure is through groundwater well located 150 m downstream from
repository.
3

H will be the first to reach the highest concentration in ground water (in ^30 years),
followed by 137Cs and 90Sr (in 200 years), 14C (in 8000 years), 59Ni (in 20,000 years), and 94Nb (in
30,000 years). The highest concentrations of activities are forecast for 59Ni (<1.1 Bq/m3), 14C
(<2.2 Bq/m3). These of other radionuclides are negligible and more often they cannot be measured
experimentally.
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The use of the data of radionuclide activity in water enables to assess and forecast the
values of effective dose received by members of the critical group of the population. The
calculations were conducted for the scenario of normal evolution.
Two cases of the biosphere were analyzed in exposure assessment, a well whose water is
used for drinking drilled 150 m away from the repository's module, and the lake model. The two
values are added up for the assessment of the summary dose.
The doses resulting from all radionuclides were calculated for the case of the well drilled
150 m away from the repository (Fig. J.50.).
If water for drinking were taken from the groundwater well drilled 150 m away from the
repository, the main radionuclides causing exposure in the long term would be 14C and 129I. The
maximum effective dose is to be expected in 8000 years and would be as low as l.OxlO"9 Sv/year.
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Fig J.51. Effective dose from key radionuclides for an adult member of
critical group. Exposure is due to ingestion offish from Lake Druksiai
Using fish for food is the most important of other exposure pathways related to Lake
Druksiai. The maximum dose forecast as a result of this type of exposure due to 14C is to be
expected in 8000 years and will be lower than 4xlO"7 Sv/year.
The summary dose received through all the pathways (Fig. J.52.) is basically the same as
that due to ingestion of fish, and its maximum forecast values are lower than the dose constraint
by three orders of magnitude.
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Fig. J.52. Effective dose from key parent and daughter radionuclides for an adult
member of critical group (all exposure pathways are considered: groundwater well
located 150 m from repository, bog water well located more than 150 m downstream
from repository, irrigation and fish from Lake DrQksiai) against dose constraint.
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APPENDIX K. EMERGENCY SITUATIONS

EMERGENCY SITUATIONS
Taken from the Environmental Impact Assessment Report for construction of a Near Surface
Repository, Lithuanian Energy Institute and Institute of Geology and Geography, Version 4.
The near-surface repository will be designed, constructed and operated in such a manner
that the probability of emergency situations which may result in considerable environmental
impact in terms of radiation safety would be minimal. Nevertheless, the possibility remains of
faulty operation, emergency situations and accidents. Therefore during designing and construction
of the facility, a comprehensive safety analysis will be conducted, concrete measures on
mitigation of the effects of extreme situations envisaged, plans of mitigation of potential accidents
drawn up, and the personnel trained in appropriate manner considering the technical decisions that
will be actually implemented.
If an extreme situation arises (increased contamination is discovered at individual facilities
of the repository, an accident takes place during transportation of a package, etc.), the radiation
situation will be assessed, the source of contamination, threats to the environment, the required
radiation safety measures and other specific features of the situation that has arisen identified.
Measures aimed at accident localization and mitigation of accident impacts envisaged in advance
and, if necessary, developed additionally, will be implemented. Analysis of the causes of the
accident will be conducted and remedial measures adopted for the repository's operation that
would prevent recurrence of similar emergency situations when operating the facility in the
future.
Extreme situations posing a threat of radiation effects can only arise after transportation of
radioactive waste to the repository and disposal begins. Given the factors that may lead to extreme
situations, two stages in the design life of a near-surface repository can be distinguished: the stage
of waste disposal (the repository's operation), and the repository's surveillance and subsequent
design life.
During the stage of waste disposal that will last for approximately 20 years, potential
emergency situations are related to transportation of radioactive waste to the repository and within
its site, to operations of temporary storage, transfer and disposal of radioactive waste packages, as
well as to operation and maintenance of machinery and equipment used in the near-surface
repository. If the design and construction work was done properly, and if the operation and
surveillance are adequate, dangerous extreme situations should not arise at this stage.
After the repository's operation is completed, radioactive waste will no longer be
transported, stored, transferred and disposed of. The redundant equipment will be dismantled. The
repository will be covered with a shell and its institutional surveillance will be conducted for
another 300 years. At this stage of surveillance and further design life of the facility, potentially
dangerous extreme situations can only arise as a result of events or phenomena that are hard to
forecast in the long term.
The present section deals with potential accidents and emergency situations that may
result in considerable leaks and emissions of radioactive material. The potential impacts and their
effects on the environment are also preliminarily assessed.
Emergency situations during the disposal of radioactive waste
The following extreme situations that may cause radiation effects are analyzed:
• Packages of radioactive waste brought to the repository do not meet the
requirements set to waste disposal;
• Incidents during transfer of a radioactive waste package;
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• Incidents during transportation of a radioactive waste package to the repository and
within its site;
• A fire within the zone controlled by the repository.
A radioactive waste package not complying with disposal requirements brought to the
repository
The near-surface repository will not have equipment for processing radioactive waste. All
radioactive waste packages intended for disposal at the facility will be brought after final
processing. The producer will have to ensure and the concerned institutions to control that the
package of finally processed radioactive waste meets the acceptance criteria. Only then will the
package be allowed to be transported to the near-surface repository for disposal.
At the repository radioactive waste packages will be checked again for compliance with
acceptability for disposal requirements. The documentation attached to the package will be
checked. Also, the package will be inspected visually, it will be identified and minimal control
measurements ensuring radiation safety of the personnel will be conducted. If the package is
found to comply with the acceptance requirements, it will then be handled at the facility in
accordance with the customary procedure.
However, a situation can occur when a package is damaged on its way to the repository.
This may happen, say, if an incident takes place during the transportation of the package. The
damaged package with radioactive waste will remain in the transportation container and will be
taken to the package reception area of the temporary storage facility.
The operations of acceptance and inspection of radioactive waste packages will be carried
out in the temporary storage's package reception and control/inspection areas. All the operations
related to transfer of packages from one zone to another will be carried out and controlled
remotely. Radiation levels in the temporary storage facility will also be monitored remotely. The
personnel will be able to enter one or another area of the temporary storage facility only when the
radiation safety conditions are acceptable. Therefore the personnel will not be subjected to excess
radiation when operations with radioactive waste packages that do not comply with acceptance
requirements are performed.
The building of the temporary storage will be designed considering potential extreme
situations. The wall thickness will be such that radiation levels outside the building when
handling and storing the radioactive waste packages not complying with disposal requirements are
acceptable in terms of radiation safety. The building will be equipped with a ventilation system
containing filters limiting the emission into the atmosphere of radioactive aerosols in case of an
accident or when handling the radioactive waste packages that do not comply with acceptance
requirements. If radioactive liquids form whilst handling the packages, they will be collected by
the special drainage system of the temporary storage rooms and will not leak into the
environment. Therefore in the course of operations with the radioactive waste packages that do
not comply with acceptance criteria and during their temporary storage, the repository's personnel
and the population will not be subjected to unplanned ionizing radiation, and the environment will
not be affected.
The radioactive waste packages that do not comply with disposal requirements and the
radioactive waste that will form when managing them will be returned to the producer for
additional processing.
Incidents during transfer of a radioactive waste package
The temporary storage facility will be equipped with a traveling crane that will be used for
performing all operations of shifting of radioactive waste packages from one area to another and
for loading them onto vehicles. A similar crane will be installed in the vault area, under a
temporary roof. It will be used for transferring radioactive waste packages from the vehicle that
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brought them into the disposal vault. Both cranes will be controlled remotely from the central
control panel. Only packages that comply with acceptance requirements will be handled in the
vault area.
Suspension of a radioactive waste package
It may so happen that the operation of transfer of a radioactive waste package is
temporarily stopped and the package will become suspended (say, if power supply to the crane is
disrupted or if the crane breaks).
The environment will not be affected if a package is suspended in the temporary storage.
During operations of packages transfer within the areas of temporary storage where radiation may
increase as a result of an accident, there will be no personnel. The building of the temporary
storage facility will be designed considering potential extreme situations including these related to
transfer of radioactive waste packages that do not comply with acceptance requirements. The wall
thickness will be such that, should an incident occur, ionizing radiation outside the temporary
storage is within permissible radiation safety limits. Therefore if a package gets suspended the
repository's personnel and the population will not be subjected to unplanned ionizing radiation,
and the environment will not be affected. There will be sufficient time to assess the situation, and
to work out and implement the accident mitigation measures.
While a package is being shifted within the vault area, the personnel (say, the vehicle's
driver) will stay in a place expressly intended for this purpose and safe from the viewpoint of
radiation safety. Therefore if a radioactive waste package gets suspended, the personnel servicing
the vault area will not be subjected to unplanned radiation. In case of an incident, the dose rate of
ionizing radiation within the repository site and outside it will increase. If a package containing
cemented ion exchange resins of the highest concentration, perlite or sediments of evaporated
concentrate gets suspended, the dose rate from it will change from 0.55 mSv/h at a 1-meter
distance to 2.2x10"5 mSv/h at a distance of 150 m behind the repository's fence (see Fig. K.I.). If
the accident is mitigated in 24 hours, a resident would receive an effective doze not exceeding
5.3x10"4 mSv which is below the permissible dose level of 0.2 mSv [Kl]. If for one reason or
another the accident is not mitigated in 24 hours, temporary measures can be applied to screen the
container that would reduce the dose rate of ionizing radiation. To avoid unnecessary exposure of
the personnel and depending on the radiation situation, the movement and other activities of the
personnel not involved in the mitigation of the accident can be restricted. If a package with
radioactive waste gets suspended and urgent accident localization measures are taken (if
necessary), the environmental impact will be negligible and within permissible levels.
A fall of a radioactive waste package
The probability of a radioactive waste package falling will be very low. Technical and
organizational measures are to ensure that the probability of such an event is fairly low (say,
SxlO^/year or so) and that it does not happen throughout the repository's design life. However,
the potential consequences of a radioactive waste package falling are assessed in the
Environmental Impact Assessment study.
If a radioactive waste package falls, it may be damaged. On impact radioactive aerosols
may form and spread in ambient air. The potential amount of aerosols would be directly
proportional to the impact energy. Therefore the potentially highest fraction of aerosols can form
and leak into the atmosphere if a package falls from the maximum height to which it potentially
can be raised. A fallen package, as a source of ionizing radiation, will increase the dose rate of
ionizing radiation. Its amount will depend on the character of the damage to the package. If a
package or its part is damaged, radioactive dust may form which would result in contamination of
surrounding surfaces on a local scale. Radioactive liquids will not form, because only solid or
solidified radioactive waste will be disposed of at the repository.
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A radioactive waste package may be dropped in the temporary storage facility or within
the vault area. The maximum height of fall in the latter would be ~7 m. If in the temporary storage
packages are loaded to the same height as in the vault, the maximum height of fall will be similar.
If the construction of the temporary storage is intended for a lower height of package storage,
which is more convenient from the viewpoint of operation, the maximum possible height of fall of
a package will be smaller.
Should a package fall in the temporary storage facility, there will be no environmental
impact. No personnel will be involved in package transfer operations within the areas of
temporary storage where exposure may increase in case of an accident. The building of the
temporary storage will be designed considering potential extreme situations, including these
arising in the course of handling packages that do not comply with disposal requirements. The
wall thickness will be such that should an incident occur, ionizing radiation outside the temporary
storage is within permissible radiation safety limits. The building will be equipped with a
ventilation system containing filters limiting the leakage into the atmosphere of radioactive
aerosols in case of an accident. If radioactive liquids form whilst mitigating the accident, they will
be collected by the special drainage system of the temporary storage rooms and will not leak into
the environment. Therefore if a package falls, the repository's personnel and the population will
not be subjected to unplanned ionizing radiation, and the environment will not be affected. There
will be sufficient time to assess the situation, and to work out and implement the incident
mitigation measures.
The heaviest environmental impact is to be expected when a package with radioactive
waste falls next to the repository's vault from the maximum height to which it can be raised. In
this case the potential amount of aerosols that may emit would be the greatest and the direct
ionizing radiation resulting from the fall of the package would be less screened than in the case of
the package falling into the vault.
The environmental impact caused by a package containing cemented ion exchange resins,
perlite or sediments of evaporated concentrate was analyzed in the Environmental Impact
Assessment Report for the installation of the cementation facility for solidifying liquid radioactive
waste and for the construction of an interim storage facility at Ignalina NPP [K2]. For assessment
of potential emission of aerosols it was assumed that a container turns over when it is raised to a
height of 4.5 m, and barrels with solidified radioactive waste drop. The fallen metal barrels break,
and radioactive waste is exposed. The container itself falls onto one of the barrels and breaks it
into pieces. All impact energy was assumed to be spent on the formation of aerosols; the
assumption that part of the energy was exhausted in deforming the barrels, containers and floor
was conservatively rejected. Given these assumptions, the fraction of aerosols emitted from the
fallen container amounts to 1.2X10"4 of the mass of radioactive substances. It was also assumed
that the concentrations of the cemented waste in the container were the largest, and thus the
concentrations in the aerosols were also the highest. The aerosols thus formed were assumed to be
released directly into the environment and spread in it under unfavorable meteorological
conditions. The exposure per resident was calculated in the area in a 200-3000 m radius from the
point of falling of the container. Outer and inner (through the respiratory system and digestive
tract) ways of residents' exposure were considered. A resident was assumed to spend 2000
hrs/year in the area under consideration (i.e. the site was given the status of a sanitary zone), and
to discontinue eating 24 hours after the accident. The results of calculations show that during the
first year after the accident the resident will be subjected to the maximum exposure. However, the
annual effective dose would not exceed 5.6x10"5 mSv. Over 50 years, the resident would
accumulate a dose of 5.6x1 O^mSv.
In the case of a package falling in the external part of the near-surface repository, the
height of fall might be greater. On the other hand, the radioactive waste package will be brought
to the facility after final processing. The container's contents, e.g. barrels and gaps between them,
will be cemented into a homogeneous monolithic block. In this case the barrels will not fall out of
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the container, whereas the container body will act as an additional barrier protecting the barrels
from crushing and the formation of aerosols.
In the case of a container with cemented ion exchange resins, perlite or sediments of
evaporated concentrate falling from a height of 7 m, with a conservative assumption that the solid
container breaks on impact with the ground, metal barrels crack and radioactive waste is exposed,
the fraction of emitted aerosols will be about l.OxlO"4 of the mass of radioactive substances. By
analogy with a resident's exposure [K2], the annual effective dose behind the fence of the
proposed near-surface repository will not exceed l.OxlO"4 mSv. A resident's exposure dose will
not exceed the maximum permissible dose of 0.2 mSv [K.1].
The analysis of the impacts of a suspended radioactive waste package (see subsection
Suspension of a radioactive waste package) shows that a suspended container with cemented ion
exchange resins, perlite or sediments of evaporated concentrate can result in an efficient dose of
5.3x10"4 mSv/day. This exposure is more than fivefold larger than that caused by emitted aerosols.
Therefore in the case of such a package falling urgent measures will have to be taken to limit the
direct exposure to ionizing radiation. On the most conservative assumption of the container falling
completely apart, the dose rate will change from ~1.2 mSv/h at a 1-meter distance to 1.2xlO"4
mSv/h at a distance of 150 m behind the repository's fence (Fig. K.I.). Assuming that the effects
of direct ionizing radiation are limited within 24 hours, a resident would be subjected to an
effective dose of 3xlO'3 mSv. Thus a resident's effective dose will not exceed the permissible
limits of 0.2 mSv. [Kl]. If a package of radioactive waste falls and urgent measures of accident
localization are taken, the environmental impact will be negligible and will not exceed
permissible limits.
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Incidents during transportation of a radioactive waste package to the repository and
within the repository's site
The following incidents can occur during transportation of a radioactive waste package to
the repository and within the repository's site:
• A vehicle will break down and stop;
• A vehicle will go off the road. As a result of the incident the vehicle may turn over
or catch fire;
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• A vehicle will collide with an obstacle, say, another vehicle. The vehicle then may
go off the road, turn over, catch fire, especially if it collides with a vehicle transporting
combustible material;
• A vehicle will catch fire.
A package for radioactive waste that meets safe transportation requirements [K3], a
transportation container and additional organizational and technical measures will ensure
radiation safety during transportation.
Regulations for safe transportation [K3] define technical requirements for the package
(construction, testing, etc.) depending on the activity and other properties so as to ensure radiation
safety of the personnel and population during both, normal operation, and incidents while
transporting radioactive material along public roads. According to preliminary estimates,
radioactive waste disposed of in the near-surface repository can be classified as group III of LSA;
packages used for its transportation must meet requirements to IP-II or IP-III.
During transportation radioactive contamination can occur and radiation can increase only
if a transportation container is damaged. Otherwise radioactive material will not spread into the
environment and the rate of ionizing radiation will not increase. Therefore if a vehicle breaks
down, turns over, catches fire, etc., but the container of the transportation package of radioactive
waste remains undamaged, just as in the case of the conditions of normal transportation only a
local increase of the dose of ionizing radiation can take place. After the package with radioactive
waste is removed, ionizing radiation will decrease to natural (background) level. During the
mitigation of the incident, the presence of residents near the place of the accident can be
temporarily limited and thus unplanned public exposure prevented. The transportation container
designed in compliance with safe transportation requirements and potential peculiarities of
incidents will ensure radiation safety in the case of other incidents. The adequacy of safety
measures will be substantiated in the safety analysis report.
Organizational and technical measures will be aimed at reducing the risk of any incident
happening and, if it does occur, of prompt localization and mitigation of the consequences of an
accident. Limitation of permissible vehicle speeds, timely mending of the transportation road,
banning of transporting packages when road (black frost) or meteorological conditions (heavy
mist, shower, blizzard) are adverse, are among the measures reducing the possibility of an
accident. If meteorological conditions are adverse, it will be more difficult to carry out operations
of accident localization and mitigation of impacts. As the distance between the generator of
radioactive waste packages (Ignalina NPP) and the near-surface repository is small, the reaction
time of the services localizing and mitigating the accident (fire brigades, technical assistance
teams, etc.) will be very small. Given the modern level of telecommunications, it is easy to ensure
continuous control of the movement of the vehicle transporting packages with radioactive waste.
When a package is transported within the zone controlled by the repository, less stringent
safety requirements may be applied [K3].
Afire within the area controlled by the repository
A fire that may cause radiation impacts in a near-surface repository may break out only in
the facilities where radioactive substances are being kept or stored. These are the temporary
storage of the repository, the vehicle transporting a package with radioactive waste, and filled or
being filled vaults. Small amounts of secondary radioactive waste can also be stored at other
facilities of the repository. However, since the activity and amounts of this material are small, a
fire will only have a local impact and will not have any marked effect on the environment.
Only finally processed packages of radioactive waste will be managed (kept, transported,
disposed of) in the near-surface repository. Final processing will ensure that a package with
radioactive waste is fire-proof [K3]. There will be no pyrophoric substances or substances that
ignite at temperatures below 60°C in the packages. There will not be either chemical substances
or objects that may cause explosion. A package with radioactive waste will have to withstand an
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external fire and comply with the set requirements of safe transportation [K4]. Packages will be
equipped with the means that would prevent accumulation of combustible and explosive gases.
Potential fire hazard in the areas of management of packages with radioactive waste will
be very low. Potentially combustible materials in the vault area and in the temporary storage will
be the crane's power, lightning, and communication cables, and the crane's lubricants. In the case
of a vehicle's fire, its fuel and lubricants will be potentially combustible substances. Everything
will be done during detail design stage to reduce the potential fire hazard to minimum.
Furthermore, adequate fire warning and extinguishment measures will be envisaged.
Organizational measures will reduce the risk of fire to minimum.
Incombustible radioactive substances, potentially low fire hazard, adequate means of fire
warning and extinguishment will ensure that the probability of a fire breaking out in the area
controlled by the repository is low. If a fire does occur, it would be of local character and would
be promptly extinguished without causing any appreciable release of radioactive substances into
the atmosphere. In the case of such fire at the repository the environment will not be affected. The
plans of mitigation of extreme situations and accidents will be approved by the fire and rescue
services of Visaginas and the guards of Ignalina NPP.
Extreme situations during the repository's surveillance and the subsequent stage of
development
The following extreme situations that may cause radiation effects are analyzed:
• The repository is inundated as a result of showers or floods;
• Fast disintegration of engineering barriers;
• Inadvertent intrusion into the vaults of the near-surface repository.
The repository is inundated as a result of showers or floods
The repository's site is selected in such a way and its design is envisaged such that during
normal operation of the facility, if the engineering barriers function as envisaged in the design, the
repository would not be inundated as a result of showers or floods. The repository's safety is
based on the condition that its vaults will be constructed above the maximum potential level of
ground water. Also, the surface conditions of the repository's site will ensure adequate and in the
long term stable runoff of the maximum precipitation and thus the site will not be inundated.
In the subsection The possibility of the sites'flooding of section A. Characterization of
aquatic system (Appendix A) it was shown that at both, Galilaukė and Apvardai sites during a
maximum flood the rising surface water will not reach the bottom of the planned repository. It
was shown in the subsection Geotechnical conditions that surface runoff conditions are
sufficiently good at both sites and that the hill slopes are characterized by long-term stability. The
parts of the slopes where uneven parts locally occur can be leveled during the repository's
construction.
In the course of the repository's operation (during disposal of radioactive waste) a
drainage system will be installed at the site designed to take into account potential extreme
situations. After the repository's operation is completed, considering the peculiarities of the sites a
durable mound resistant to weathering will be formed above the vaults that will ensure adequate
conditions of surface runoff. Institutional surveillance carried out at the repository will ensure the
necessary surveillance of the mound at subsequent stages of the repository's development.
Fast disintegration of engineering barriers
During the period of the repository's active surveillance (100 years after its closure) its
physical protection will be ensured, the necessary operations necessary for the facility's
surveillance will be carried out, the repository and its environment will be monitored and, if
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necessary, remedial measures will be taken [K5]. At the beginning of the evolution of the closed
repository, if construction and closure operations are carried out adequately, unplanned
disintegration of engineering barriers is unlikely, but if it does occur it will be noticed on time and
the necessary remedial measures will be taken. Environmental effects significant in terms of
radiation at this initial stage of the repository's surveillance are not expected.
During the period of the repository's passive surveillance (200 years after the period of
active surveillance) the land use within the repository's territory will be restricted. To this end, the
necessary documents will be stored and prohibitions will be introduced of certain types of
activities within the repository's area. No remedial operations are planned for this period. The set
prohibitions of activities in the facility's area must be sufficient and compliance with them must
be controlled such that unplanned disintegration of engineering barriers does not take place.
Forecast degradation of engineering barriers during the period of passive surveillance is assessed
by the scenario of long-term degradation of engineering barriers. It was assumed in the scenario
that disintegration of engineering barriers below the mound begins in the beginning of the
repository's passive surveillance and by the end of the period the engineering barriers deteriorate
to such an extent that they no longer limit the flow of water across the repository. The potential
engineering barriers formed by short-lived water-insulating substances (such as polymeric films,
bitumen, etc.) were not considered at all. However, restrictions on certain activities effective in
the repository's area are sufficient for the repository's mound to remain undamaged during that
period and to maintain its design properties.
After the repository's surveillance is completed, economic activities or land use in its area
will not be prohibited or restricted in any way [K5]. Therefore it was conservatively assumed in
the scenario of long-term degradation of engineering barriers that in 300 years after the facility's
closure all the engineering barriers disintegrate to such an extent that they no longer limit the flow
of water across the repository.
Inadvertent intrusion into the vaults of the near-surface repository
Inadvertent intrusion into the vaults of the near-surface repository can occur when after the
repository's surveillance ends, economic activities or land use in the facility's area are no longer
prohibited or restricted in any way [K5]. It is quite probable that as a result of economic activities
part of the facility's engineering barriers will be destroyed or damaged one way or another.
Inadvertent intrusion into the near-surface repository is possible by destroying its
engineering barriers, the mound, the vault structure, by damaging packages and exposing the
waste that has been disposed of. If during the intrusion the activity of the waste is high, the
intruder can be subjected to both external and internal exposure in excess of the valid radiation
safety limits. Therefore the activity of the radioactive waste being disposed of must be limited to
take into account the consequences of inadvertent intrusion.
The activity of the radioactive waste packages being disposed of in the near-surface
repository is generalized by figures X and Y. X identifies the danger posed by disposed of
radioactive waste in the case of inadvertent intrusion into the facility. If the computed figure X
does not exceed 1, the package is considered to be suitable for disposal in the near-surface
repository. In the case of inadvertent intrusion into the repository the intruder's exposure will not
exceed the valid permissible limits [K4].
To calculate the figure X, one must know the permissible values of specific activity
applied to a package of radioactive waste. The permissible value of specific activity depends on
the technology of the final processing of the waste being disposed of, on design properties of
engineering barriers, on the time and manner of intrusion into the facility's vaults. The
permissible values of specific activity identified for the case of the scenario of inadvertent
intrusion conventionally do not depend on the specific features of the selected repository's site.
The permissible values of preliminary specific activity applicable for packages of
cemented short-lived low-and intermediate-level waste intended for disposal in the near-surface
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repository are presented in RATA document [K5]. These values were identified in accordance
with the provisions of the above document and the produced concept of the near-surface
repository [K6]. Given the low probability of inadvertent intrusion into the repository, a
permissible exposure dose of 5 mSv/year per member of a critical group was chosen as the
radiation parameter [K7].
In the assessed scenario of inadvertent intrusion it was assumed to take place after the
repository's surveillance is completed (i.e. 300 years after the facility's closure). It was also
assumed in the calculations that the duration of intrusion is relatively short in comparison with the
half-life of radionuclide decay, therefore the reduction of activity during exposure was not taken
into account. Part of the repository's vaults were assumed to be damaged during the entry, surface
engineering barriers were assumed to be destroyed completely, and the access was assumed to be
gained to all radioactive waste disposed of in the vaults.
For computations of exposure to ionizing radiation it was assumed that the activity of the
excavated material is evenly distributed in a certain volume of the topsoil. A dose received by a
member of a critical group will be defined by a sum of the following factors: accidentally
swallowed contaminated soil, inhaled contaminated dust and direct exposure to contaminated soil.
Dose factors for swallowed and inhaled radionuclides are taken from the document [K7].
Whilst assessing dilution of radioactive waste it was assumed that the substance causing
exposure is made up of excavated radioactive waste evenly mixed with the substances
surrounding radioactive waste in the near-surface repository's vault. The repository's upper
barriers and substances between the facility's vaults were assumed to be excavated without
mixing them with the contents of the repository's vaults. The substances are either removed
before entering a vault with radioactive waste or are covered with substances excavated from
deeper layers, therefore radioactive waste is not diluted. This approach, first of all, ensures more
conservative assessment of exposure and thus results in lower values of maximum permissible
concentrations. Besides, the obtained results are not affected by the design of external engineering
barriers covering the repository's vault.
The calculations of figure X for a package of cemented spent ion exchange resins, perlite
or sediments of evaporated concentrate are given in Table K.I. The legend of every column is
additionally explained in the notes to the Table.
Preliminary permissible values of specific activity C,, max*were calculated in the concept of
the near-surface repository [K6] for the given disposal container. The container has a volume of
4.61 m3; 432 such containers are stored in a single vault of the repository. If a different container
is used, the values of permissible specific activity need to be recalculated to take into
consideration the new volume of a waste package and the number of packages in the facility's
vault. The values of Q, max for a package of cemented spent ion exchange resins, perlite or
sediments of evaporated concentrate were recalculated for the assumption that a package volume
is 5.31 m3 and that 360 such containers are stored in a single vault of the repository.
As can be seen from Table K.I., the calculated value of X=0.59 is less than 1. Therefore in
the case of inadvertent intrusion to the near-surface repository's vaults filled with packages of
cemented spent ion exchange resins, perlite or sediments of evaporated concentrate, the intruder
will be subjected to exposure not exceeding the permissible levels of radiation safety.
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Table K.I. Calculations of figure X for a package of cemented spent ion exchange resins, perlite or
sediments of evaporated concentrate
Radionuclide

Ci,max*,Bq/m (l)

Ci, m a x *,Bq/m 3 (2)

H-3
C-14
Cl-36
Ni-59
Ni-63
Sr-90
Nb-94
Tc-99
1-129
Cs-137
Ra-226
U-234
U-235
U-238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Am-241
Sum, figure X
(4)

4.0xl0 21
5.0x10"
3.0xl0 12
5.0xl0 u
l.OxlO14
6.0xl0 u
4.0x108
5.0xl0 12
3.0x10'°
l.OxlO 12
8.0x10 s
1.0xl0 IU
4.0x10 9
9
8.0x10
l.OxlO 9
1.0x10'°
8.0x10 8
9.0 xlO 8
4.0x10"
l.OxlO 9

4.2x10"
5.2x10"
3.1xlO 12
5.2x10"
l.OxlO 14
6.3xlO 13
4.2xlO 8
5.2xlO 12
3.1xlO 10
l.OxlO 12
8.3xlO 8
1.0x10'"
4.2xlO 9
9
8.3xlO
l.OxlO 9
l.OxlO 10
8.3xlO 8
9.4x108
4.2x10"
l.OxlO 9

3

Q, m a x * , Bq/m3
(3)

*—i' *--i, m a x

4.5x10'
2.1xlO9

l.lxlO"14
4.1 xlO-4

1.5xlO7
1.8xlOy
5.7xlO6
2.4x108
2.0x104
1.7xlOJ
6.4xlO9

2.9x10' 7
1.8xlO-5
9.2x10"8
5.9x10"'
3.8x10"9
5.5xlO-8
6.1xlO' J

3.2x10'
7.6x10-'
9.5x10°
1.3x10°
5.9xlOj
l.OxlO4
5.7xlO J
1.5xlO6
2.2xlO 4

3.1X10"9
1.8x10-'°
9
l.lxlO'
1.2xlO'9
5.7X10"7
1.2xlO"5
6.0x10"6
3.5X10-6
2.1xlO"5
0.59

In the Table:
(1) C, m a x * - the values of specific activity of a package of cemented radioactive waste [K5];
(2) Cj, max - the values of specific activity recalculated for a package of cemented spent ion
exchange resins, perlite and sediments of evaporated concentrate;
(3) Q - the value of concentration of an individual radionuclide in a package of cemented spent ion
exchange resins, perlite and sediments of evaporated concentrate. The value was calculated from the
maximum activity of radioactive waste, without taking into consideration possible temporary storage of the
package prior to its disposal at the near-surface repository;
(4) the figure X is calculated as follows [K.4]: X = /
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