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According to the Lithuanian Strategy of Radioactive Waste Management, the
opportunities for a deep geological repository of high and intermediate level long-
lived radioactive waste and spent nuclear fuel must be considered. The Ignalina
Nuclear Power Plant (INPP) produced a large amount of radioactive waste through-
out more than two decades of operation of two 1500 MW reactors. Several alter-
native geological media were distinguished as potentially suitable for the construc-
tion of a deep repository in Lithuania. The lowermost Cambrian Blue Clays for-
mation is one of the three most prospective geological formations. Its quality is
somewhat lower than that of the crystalline basement and Triassic clays. However,
it has some important advantages, such as distribution beneath and close to the
Ignalina NPP. The thickness of the clay package reaches 115 m, the depth ranging
from 200 to 1010 m. The thickest and lithologically most homogeneous succession
is identified in the Ignalina NPP area. Some lithological heterogeneity, weak
mechanical properties and illite-dominated mineral composition, hydraulic head
difference (10-15 m) resulting in the upward fluid migration through the Blue
Clays are considered as unfavourable parameters.
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INTRODUCTION

structed in the reactor halls. The estimated total
amount of spent nuclear fuel expected to be accu-

Since the beginning of the Ignalina NPP operation, mulated in the Ignalina NPP by 2010 is about 22,000
spent nuclear fuel has been stored in ponds con- fuel assemblies, which corresponds to 2500 tons of
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uranium. In 1999 INPP started transferring spent fuel
from the ponds to steel or reinforced concrete casks,
which prevent radionuclides from spreading into the
environment. There spent nuclear fuel can safely be
stored for up to 50 years. Therefore the following
guestions must be answered without delay: is it tech-
nologically possible to construct a geological reposi-
tory in Lithuania, what would be the cost of con-
structing a geological repository in Lithuania, and
does Lithuania have any realistic alternative to the
disposal of radioactive waste in a geological reposi-
tory?

The layout and design of a repository depend on
the properties of radioactive waste and geological
medium. Investigation of the geological formation and
selection of the site suitable for a deep radioactive
waste repository is a complex and long process. The
desk-top studies performed in Lithuania during 2001-
2004 were focused on the screening of all poten-
tially prospective geological formations of the coun-
try, i.e. the crystalline basement, Lower Cambrian
clays, Silurian shales, Narva marlstones of the Middle
Devonian, Upper Permian anhydrites and salt, Trias-
sic clays.

The key geological criteria considered are the
depth of the suitable host media, which has to be
no less than 200 m, and the thickness of the im-
permeable formation at least 70 m. After inventory
of the archive and published data three prospective
formations — the crystalline basement, the Lower
Cambrian Blue Clays, and the Lower Triassic
Redbed Clay were selected for the next stage of
study. According to preliminary estimates, disposal
of spent nuclear fuel and other long-lived high
activity radioactive wastes from the Ignalina NPP
in Lithuania would cost about LTL 9000 M (this
cost was calculated for the crystalline basement
model) (Poskas et al., 2005). In terms of geology,
the Blue Clays show some lower quality as com-
pared to the crystalline basement and the Lower
Triassic. However, it has a great advantage of being
located just beneath of and close to the Ignalina
NPP that reduces transportation costs, but most
importantly, the prospect of building the radioac-
tive waste repository in northeastern Lithuania may
be accepted much easier by the local community
than by other regions. Therefore, the Blue Clays
remain on the list of the most prospective geologi-
cal media for deep geological disposal of high-level
radioactive waste. Furthermore, the clay formations
are well studied in other countries that accumu-
lated huge knowledge (e.g., Neerdael, Volckaert,
2001; Delleuze et al., 2002).

GEOLOGICAL SETTING AND STRATIGRAPHY

Lithuania is situated in the central and eastern parts
of the Baltic sedimentary basin. The thickness of the

sedimentary pile overlying the Lower-Middle Prot-
erozoic bedrocks ranges from 200 m in south-east to
more than 2 km in west Lithuania. Cambrian sedi-
ments comprise the basal part of the sedimentary
cover.

The Cambrian sediments were deposited in two
depocentres. The lowermost Cambrian deposits
(Sabellidites—Platysolenites zones) are attributed to
the Baltija Group restricted to the east of the coun-
try. It is dominated by the shallow marine claystones
referred to as the Blue Clays, with rare quartz sand-
stone and siltstone interlayers, which grow in abun-
dance close to the western shore of the palaeobasin
(Jankauskas, Lendzion, 1992). The lowermost Cam-
brian overlies the Vendian sandstones and conglom-
erates that cover the Early Precambrian crystalline
basement. The Baltija Group is overlain with the
angular unconformity by the upper Lower Cambrian
sandstones accumulated in the shallow marine basin,
transgressed from the west.

Two parts, the Rudamina and Lontova Forma-
tions representing two sedimentation cycles, are de-
fined in the Baltija Group. The thickness of the lower
Rudamina Formation reaches 41.5 m (Jankauskas,
2002). It is comprised by dark-grey horizontally lami-
nated clay, with sandstone and siltstone interbeds.
The lower portion consists of greenish fine-grained
quartz arenites cemented by dolomite cement, with
siltstone and clay interlayers. Glauconite is abundant.
In the upper part of the Rudamina Formation clayey
interlayers are numerous. The boundary with the
Vendian terrigens is marked by occurrence of glau-
conite and sabellitide fauna (Mens, Pirrus, 1986). The
Lontova Formation is more widely distributed in the
west (Jankauskas, 2002). It is subdivided into Molétai
and Alanta Sub-Formations which represent two
sedimentation cycles. The Lontova Formation is com-
prised by the greenish-grey or bluish-grey thinly lami-
nated and massive clay with subordinate sandstone
and siltstone interlayers. The sandstone is a quartz
arenite, massive or horizontally laminated. The thick-
ness of the formation reaches 70 m.

The upper Lower-Middle Cambrian sediments
cover the whole territory of Lithuania, except the
Mazury-Belarus Highland in the south, its thickness
ranging from several meters in the east to 170 m in
the west. They are composed of a triple alternation
of shallow marine sandstones, siltstones and
claystones, which show different proportions across
the basin. Sandstones dominate the eastern periph-
ery of the basin.

In terms of tectonic structures, the Blue Clays
basin is situated on the western flank of the Belarus
High passing into the Baltic Syneclise in the west.
The thickness of the sedimentary cover ranges
within 400-800 m. It is represented by the
Palaeozoic rocks of different lithologies, such as
Lower Cambrian sandstones, Ordovician and Sil-
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is sometimes not correct due to
lithological similarity of the basal
sandstones to the underlying
Vilkiokés Formation of the Upper
Vendian (Pliaupa, 2002) (Fig. 1).
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The Ignalina NPP area was analysed
in detail. Besides the lithological de-
scription, the individual layers were
correlated using gamma ray, spon-
taneous potential, resistivity logs.
The clay content variations were
calculated from gamma-ray logs:

‘ CLAY = (GR- GRsand) /
(GRclay-GRsand),

VZ
c :/ where CLAY is the fraction of clay,
%’g ‘./ GRsand is the gamma-ray of sand-
® g[{ stone, GR is the measured gamma-
,—“ ray, GRclay is the gamma-ray of
v’ clay.

1% Eighteen clay samples of the
el Baltija Group were collected from
:/ seven wells of east Lithuania for X-
i ray diffractometry to determine clay
= minerals following standard proce-
| l—i dures such as oriented mounted
E V. fraction <2 mm, non-treated, ethyl-
Y -2 ene-glycolated and heated to 350

el | and 500 °C.
° E o s 50 | The isopach and depth maps of
1 & ———meters ! the Baltija Group were compiled
500000 " eoom0 240 using corrected well database and

Fig. 1. Map of depths of the top of the Baltija Group. Location of geological

GIS tools (Maplnfo program).

RESULTS

profiles and wells are indicated. Thick hatched line shows limits of distribution

of Baltija Group

1 pav. Baltijos serijos kraigo struktdrinis pemélapis. Pemélapyje pavaizduoti
geologiniai pjlviai bei tirti grepiniai. Punktyrine linija pavaizduota Baltijos serijos

paplitimo riba

urian shales-carbonates, Devonian terrigens-carbon-
ates. The Mesozoic rocks occur in the southern part
of Lithuania. The sedimentary cover is toped by
Quaternary succession.

DATA

An inventory of 161 wells drilled through the Cam-
brian Blue Clays was performed. The GEOLIS da-
tabase (Geological Survey of Lithuania) was used.
This database contains original stratigraphic and
litholgical subdivisions provided by different geolo-
gists during the past decades of drilling activities.
Descriptions of wells had to be unified. The defini-

Lithology

The top of the Lower Cambrian
Baltija Group succession occurs at
a depth of 204-1014 m, growing in
depth to the west. The thickness of
the Baltija Group reaches 115 m in
the easternmost part of Lithuania (Fig. 2).

The well correlation indicates increasing percent-
age of sandstone bodies westwards, towards the
palaeoshore of the sea (Figs. 3, 4). The tracking of
the individual clay and sandstone layers suggests a
lens-type architecture of the Baltija Group. Never-
theless, some regional-scale clay layers can be iden-
tified, which are most prospective of RW disposal
(profiles 1-I" and 11-1I", Figs. 3, 4).

The thickness of the Baltija Group in south ranges
from 80 m in the east to 4 m in the west. The
section is quite heterogeneous, composed of clay and
sandstone intercalations (Fig. 3). Thick individual clay
layers, which could be a promising medium, are rare
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. \ 2o L \ s s il and distributed only in the eastern
r part of the basin (Fig. 3). The thick-
ness of the clay layers is up to 8-10
L m, i.e. not enough for RW host
| media. Intercalations of clay and
sandstone dominate. The sandstone
layers up to 8 m thick are common
in the central part of SE Lithuania
1 : ; L | (the Balninkai-408 well) and are ac-
cumulated in the local depression.
Sandstone with clay predominate in
the lower and middle parts of the
' section (usually 10-16 m thick, in-
1. ' / : F creasing up to 25 m in the Poskos-
< " 75 well).

The thickness of the Baltija Group

in NE Lithuania ranges from 115 m
in the east to 10 m in the west. Com-
pared to SE Lithuania, the section is
more clayey. Sandstone with clay in-
tercalations dominates the Rudamina
Formation (lower part of the Baltija
section). Upwards, clay with sandstone
intercalations occur in the western
part of the section (Fig. 4). Further-
1 ? ; L more, the northern part of the Baltija
~ basin is more clayey than that in the

F south. This trend is inherited from the
Upper Vendian time which was re-
lated to shedding terrigenous mate-
rial from the Belarus High (Grodno)
(Pliaupa, 2002). The thickest homo-
geneous (15 m) clay layer is confined
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Fig. 3. Geological cross-section I-I’ of the Baltija Group

3 pav. Baltijos serijos geologinis pjavis I-I’
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way to sandstone and sandstone with clay interlayers
to the west. Above the prospective clay layer there
lies a 8-m clay layer with sandstone intercalations; it
grades into sandstone to the west. The basal portion
of the Alanta Subformation is composed of 10 m thick
sandstones or clays with sandstone interlayers. Up-
wards it passes into 25 m thick clay package contain-
ing thin sandy layers. The Leliai-284 and 34-z wells
show increased amounts of sandstones and siltstones.

Based on the lithological correlation of the lower-
most Cambrian, the eastern part of the basin is
considered as a prospective area, essentially the trans-
gressive part of Molétai Subformation. Some pro-
spective areas occur also on the western flank of the
basin, as indicated by wells 9-z and 14-z. Moreover,
the nearby well 6-z indicates that drastic lithofacial
changes take place on the local scale, which increase
the exploration risk. The lithofacies are more
favourable in the north than in the south. The quan-
titative assessment of clay content in the Baltija
Group using gamma-ray logs clearly indicates the
domination of clay in the northern section, whereas
sandy clay and clayey sand are most abundant litholo-
gies in the south (Fig. 5).

The Ignalina area is considered to be most attrac-
tive for disposal of RW owing to proximity to the
NPP and favourable lithologies. The deep wells drilled

in a small area indicate, however, lithological varia-
tions (Figs. 6, 7). The Kazimirovo-6 well is composed
of the most clayey succession, the homogeneous clay
layers reach 15 m in thickness. Clay layers of similar
thickness are mapped in the Visaginas-5 and Saskiai-
2 wells, but here clay is more silty. The Navikai-1
well is rather sandy, correlating with a smaller thick-
ness of the Baltija Group (Fig. 6).

Petrophysical properties and mineral composition
Petrophysical properties of the Baltija clays are
scarcely studied, as the main studies have been so
far focused on the Cambrian reservoir of west and
central Lithuania (e.g. Laskova, 1979; Sliaupa et al.,
2001).

The density of the Baltija clays ranges from 2.10
to 2.25 g/lcm? the porosity changing from 28% to
17%. Following a few available laboratory measure-
ments, the Baltija clays are rather weak (Pusch,
2004). The compressive strength is in the range of
0.7-1.2 MPa, i.e. lower than the expected tangential
stress at tunnel walls, which may cause serious engi-
neering problems. Furthermore, the swelling pressure
of the clay is high (5-8 MPa), therefore the tunnel-
ling would require engineering enforcement, for
which strong rock support would be needed. On the
other hand, the weakness of the Blue Clays reduces
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the excavation-disturbed zone (EDZ) problems. It
should be taken into consideration that measurements
were performed on drill-core samples, which are
partially damaged; therefore, the measured values
should be considered rather critically.

sadstone coarsegrained / stambiagridis smiltainis

sadstone of medium grain size / vidutingrudis

Leliai - 284 Syedasai - 252 The mineralogical
0 1 55 *;»552-" 7478 . £ th
4 150 composition of the

o Balt!Ja clgys was

studied in the

VilkiSkiai-68,
Schedai-3, Leliai-284,
Tvereéius-336,
Svedasai-252,
Visaginas-5 and
Kazimirovo-6 wells
(Table). lllite is the
dominant clay min-
eral composing about
60% of the clay vol-
ume; the rest is rep-
resented by kaolinite
(30%) with a minor
amount of smectite
and chlorite (Fig. 8).
The kaolinite content
decreases from 40-
65% to 25-35% up
the section (Zino-
venko, Abramenko,
2004). The high con-

788.5

tent of illite is ex-

plained by a long-

term, though rather

shallow, burial as the

illite-smectite trans-

80

S

sandstone finegrained / smulkiagriidis smiltainis

629.5

formation is depen-
dent not only on the
temperature, but also
is time-controlled.
The high content of
kaolinite may be re-
lated to the proxim-
ity of the denudation
area.

siltstone / aleuritas

argilite / argilitas

Hydrogeology

The Blue Clays rep-
resent a regional
aquitard which sepa-
rates the Vendian
and Cambrian aqui-
fers (Mokrik, 1997).
The Baltija Group is
overlain by highly
permeable upper
Lower Cambrian
sandstones a few
dozens of meters
thick. The porosity of sandstones is in the range of
20-30%, their permeability being more than 1000
mD (Sliaupa et al., 2001). The aquifer plunges to
the west. The hydraulic head of the Cambrian aqui-
fer changes from +180 m in the southeast to +20

conglomerate / gravelitas

sand / smeélis

pyrite / piritas

glauconite / glaukonitas
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in central Lithuania, implying a water flow towards
the Baltic basin centre (Fig. 9A). The gradient of
the hydraulic head is 0.6 m/km and significantly in-
creases along the western limit of the Blue Clays
where the hydraulic head changes from +100 m to
+20 m within a zone of 40 km wide; the gradient
is accordingly 2 m/km. The latter boundary repre-
sents the major hydrogeological feature, variations
in the hydraulic head are miserable to the west of
it (hydraulic head is in the range of +30 to +20 m
in the western half of Lithuania) here TDS changes
from 0.5 to 120 g/l in the east, being rather stable

(120-150 g/l) in
the western half of
Lithuania (Fig.
% 9C).

An important
parameter for pre-
diction of the ver-
tical fluid flow
across the clayey
formation is the
hydraulic head dif-
ference between

the overlying and

‘s underlying aquifers.

, The available data
=——""  (though rather
“?  scarce) indicate

= that the hydraulic
head of the
Vendian aquifer is
higher than that of
| the Cambrian aqui-
v fer (Fig. 9B). The
; difference increases
——""  from 0.5 m close to
=="" the western Baltija
« === Group margin to
16 m in the north-
—z¢ east. This trend is
related to (i) the

——2¢  increasing thickness

" of the Blue Clays
and (ii) the increas-
ing isolation pa-
rameters (more
clayey composition
in the east). The
difference in hy-
draulic heads im-
plies an upward
fluid  migration
through the clay
package.

The Vendian
sandstones and
conglomerates are
of low permeability due to cementation by clay and
iron hydroxides (Marfin et al., Varéna Iron Ore
exploration report, unpublished). The hydrodynamic
tests for underground gas storages indicate that Blue
Clays have good isolation properties, the Cambrian
and vendian aquifers are not connected, except the
western part.

Also, the faulted pathways may pose some risk
by increasing the permeability of the damaged clays.
Some implications are based on the distribution of
the hydrochemical anomalies mapped above the
Baltija aquitard (Sliaupa, Monkevigius, 2004). The

Kazimirovo - 6
0 T
[yse

20| 461.0

40

499.0

-60 501.0

533.5
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Table. Mineralogical composition of the Baltija clays (J. Eypiené et al.)

Lentelé. Baltijos molio mineralogingé sudétis

Well 1D Sample ID Depth, m Ilite Chlorite Kaolinite Smectite
Kazimirovo-6 N-32 459 + - + -
Kazimirovo-6 N-34 477 + = + =
Kazimirovo-6 N-35 470,2 + + = -
Leliai-284 N-02 592,4 + + + =
Leliai-284 N-14 576,4 + = + =
Leliai-284 N-18 559,9 + - + -
Leliai-284 N-24 568,6 + = + -
Svedasai-252 N-06 784,2 + + + =
Svedasai-252 N-20 760,2 + + + —
Svedasai-252 N-22 752,1 + + + +
Tvereeius-336 N-04 393,1 + + =
Tvereeius-336 N-13 373,4 + = + =
Tvereeius-336 N-17 437,6 + + + =
Tvereeius-336 N-21 350,1 + = = =
Visaginas-5 N-19 508,5 + - - -
Visaginas-5 N-26 503,5 + + + -
Schedai-3 A-1 527 + + + +
Vilkiskiai-68 A-2 241,8 + = + +
sedimentary cover of east Lithuania is locally dam- 20 o Faverskiai-59 Schedai-3
aged (Fig. 9D) along the tectonic zones. The 520
hydrochemical anomalies are grouped along the Neris 0 E Z
River and the western margin of the Baltija basin. ‘ i
The latter supports the hypothesis of the tectonic = £ 12
control of the Baltija Group deposition in the west; &5 == s
this is also corroborated by the above-described pore- £ 560 =
water chemical composition and hydraulic head E2w

changes. The rest few hydrochemical anomalies are & g _ -

related to some separate faults (e.g., the easternmost 200 * E )

anomaly is confined to the W-E trending Polotsk : £ 3 0|

tectonic zone). » ;s g3 3

DISCUSSION

Clayey rocks generically have favourable characteris-
tics, such as low permeability, retardation, self-seal-
ing. Natural phenomena show that such properties
may ensure a long-term isolation of radioactive waste.
There are several aspects of advantages and disad-
vantages of the Lower Cambrian Blue Clays as a
medium for high-level waste repository.

Positive factors

The Blue Clays have a low permeability. A compari-
son of the well sections of the Blue Clays basin shows
some distinct regional trends. The clay content in-
creases to the east towards the centre of the
palaeobasin. Furthermore, the northern areas show a
more clayey composition than those in the south. The
former trend is related to the distance from the
palaeoshore, whereas the latter was inherited from
the Vendian time and is related to the Belarus uplift
shedding terrigenous material from the south. Accord-
ingly, the northern part of the Baltija basin is more

o 0.2 0.4 06 08 1 0 0.2 0.4 0.6 08 1
Clay fraction Clay fraction

Fig. 7. Clay content calculated in the Baltija Group from
gamma-ray logs in wells Paversekys-59 (southeast Lithuania)
and Schedai-3 (northeast Lithuania)
7 pav. Molingumas apskaieiuotas pagal gama metodo
geofizines kreives Paversekio-59 (Pietryeig Lietuva) ir
Schedg-3 (Piaurryting Lietuva) grapiniuose

prospective for the siting. The Ignalina NPP is lo-
cated within this first-priority area. Following experi-
ence of the other countries, the public acceptance is
a key factor to be considered, often forcing to aban-
don the geologically best sites and to look for the
sites showing good enough geological conditions and
accepted by local community. The local community of
the Ignalina area is used to the nuclear power, whereas
the other counties of Lithuania are intuitively suspi-
cious about everything related to nuclear sources.

The damage of the formation by fault fracturing
is minor in east Lithuania as suggested by the scarce-
ness of hydrochemical anomalies, mainly concentrat-
ing along several large-scale tectonic zones.
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Fig. 8. Baltija Group clay mineral associations containing
illite, kaolinite and chlorite from XRD analysis. In addition,

there are traces of quartz. Main peaks are labelled: Chl —

chlorite, Il - illite, K — kaolinite, Q — quartz
8 pav. Baltijos serijos molio mineraloginé sudétis (ilitas,
kaolinitas, chloritas, kvarco apraidkos), nustatyta

rentgenostruktdriniu metodu (XRD). Pagrindiniai pikai
papyméti diais simboliais: Chl — chloritas, Il — illitas, K-
kaolinitas, Q — kvarcas

The depth of the Blue Clays is sufficient for RW
repository. The thickness of the formation (80—
110 m) is rather marginal.

The low strength and high swelling pressure of
the clay may be considered as an indirect indication
of the high self-sealing potential which reduces the
EDZ risk factor. A damaged zone is an evolving
zone experiencing geomechanical and geochemical
modifications of the state and material properties,
which might have a negative effect in terms of op-
erational (stability) and long-term (radionuclide con-
finement and transport) safety due to the construc-
tion, operation, closure of the repository and the
post-closure phase.

I
I
I
’

gl 50km o
Fig. 9. Hydrogeological maps. A — hydraulic head (m) of
the Cambrian aquifer overlying the Blue Clay. Arrows
indicate water flow direction; B — difference of Cambrian
and Vendian hydraulic heads (m), negative values indicate
a higher hydraulic head of the Vendian aquifer than that
of the Cambrian aquifer overlying the Blue Clay; C -
salinity (g/l) of the Cambrian aquifer overlying the Blue
Clay; D - hydrochemical anomalies (stars) mapped in
shallow aquifers (depth 30-250 m) above the Blue Clay
9 pav. Hidrogeologinis pemélapis. A — kambro vandeningo
horizonto, sligsanéio vird ,,mélyngjg“ molig, pjezometrinis
lygis (m; rodyklés nurodo vandens srauto krypti); B — kambro
ir vendo pjezometrinio lygio (m) skirtumas (neigiamos
reikdmés rodo didesnd negu kambro vendo vandeningo
horizonto pjezometrind lygd); C — kambro vandeningo
horizonto druskingumas (g/l); D — hidrocheminés anomalijos
(papymétos pvaighdutémis) vird ,,mélyngjg“ molig negiliame
(gylis 30-250 m) vandeningame horizonte

Negative factors

The Baltija Group is rather heterogeneous in terms
of the lithological composition. In general, it can be
described as a clay package containing varying pro-
portions of sandstone and siltstone interlayers, which
may serve as conduits for fluid migration. A corre-
lation of the well sections indicates that individual
thick layers can be traced for a long distance, whereas
thin layers are laterally isolated. The available drill-
ing materials are too scarce to construct the reliable
hydrodynamic model of this system.
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Of all clay groups, bentonite has particularly
favourable properties due to its water absorption
capacity with simultaneous volume increase (swell-
ing). In addition, it has a high sorption capacity,
which leads to a long-term retention of radionuclides.
Claystones with a high smectite content have similar
properties. The mineralogical composition of the
lowermost Cambrian clays is therefore considered as
not favourable due to predominance of illite and
kaolinite with only minor amounts of smectite.

The lowermost Cambrian clays provisionally have
unfavourable mechanical-engineering properties. The
weakness of the clays has to be compensated by a
strong engineering tunnel support. Only a few mea-
surements have been performed on drill cores so
far. They cannot be considered reliable, as the drill-
ing and long storage of the rock inevitably lead to
rock damage and weakening.

The hydraulic head difference is 10-15 m, it drives
the convective fluid flow upwards across the Blue Clays.
They are overlain by a highly permeable Cambrian
aquifer. On the other hand, the latter is well isolated
by Ordovician and Silurian carbonates and shales.

CONCLUSIONS

In terms of lithology of the Baltija Group, the
Ignalina area is considered as the most attractive for
RW disposal. Some factors such as the depth and
thickness of the clayey formation, low permeability
of clays and location close to the Ignalina NPP are
considered as advantageous for the high- and inter-
mediate-level radioactive waste repository. Neverthe-
less, some negative parameters such as the limited
thickness of homogeneous clay layers and the weak-
ness of clays are considered. A detailed lithofacies
analysis showed changes of the lithological composi-
tion of sediments both in the vertical and lateral
directions. The Lower Cambrian formation shows a
rather unfavourable mineralogical composition of
clayey sediments as illite in content prevails over
smectite; also, the mechanical-engineering properties
of clayey sediments are rather weak.

The problem of geological repository is of pri-
mary economic importance, because the developments
of new nuclear energy initiatives are possible only in
the presence of radioactive waste disposal solutions.

ACKNOWLEDGMENTS

This study was supported by the Lithuaniar] Radio-
active Waste Management Agency RATA. J. Eypiené’s
study is part of the PhD programme.

References

Delleuze D., De Craen M., Volckaert G., Sneyers A., Put
M. 2002. The Boom Clay formation as a natural ana-

logue for the geological disposal of radioactive waste.
Proceedings: Eighth EC Natural Analogue Working Group
Meeting, EUR-19118. 67-72.

Jankauskas T., Lendzion K. 1992. Lower and Middle Cam-
brian acritarch-based biozonation of the Baltic Syneclise
and adjacent areas (East European Platform). Przeglid
Geologiczny. 9. 519-524.

Jankauskas T. 2002. Cambrian stratigraphy of Lithuania.
Vilnius. 256.

Lazauskiene J., Stephenson R. A., Sliaupa S., van Wees
J.-D. 2000. 3-D flexural modelling of the Silurian Bal-
tic Basin. Tectonophysics. 346. 115-135.

Mens K., Pirrus E. 1986. Stratigraphical characteristics and
development of Vendian-Cambrian boundary beds on
the East European Platform. Geol. Mag. 123(4). 357-
360.

Mokrik R. 1997. The palaeohydrogeology of the Baltic
Basin. Vendian & Cambrian. Tartu. 138.

Neerdael B., Volckaert G. 2001. The Belgium RD&D
program on long-lived and high level waste disposal:
Status and trends. Geological challenges in Radioac-
tive Waste Isolation — Third worldwide review (Ed. P.
A. Witherspoon, G. S. Bodvarsson). Berkely Lab., US,
December 2001, LBNL-49767. 47-54.

Ortiz, Volckaert G., Mallants D. 2002. Gas generation and
migration in Boom Clay, a potential host rock forma-
tion for nuclear waste storage. Proceedings: Engineering
Geology. 64. 287-296.

Poprawa P, Sliaupa S., Stephenson R., Lazauskiene J. 1999,
Vendian-Early Palaeozoic subsidence history of the
Baltic Basin: Geodynamic implications. Tectonophysics.
314. 219-239.

Poskas P, Brazauskaité A., Pmaipys A., Zujus R., Narkdnas
E., Kilda R., Sirvydas A. 2005. Investigations of possi-
bilities to dispose of spent nuclear fuel in Lithuania: a
model case. Report in 3 Volumes plus Summary Report
prepared by RATA, LEI, LGT, SKB. Concept of reposi-
tory in crystalline rocks. 2. 36-42.

Puronas V., Sliaupa S. 2001. Integrated two-dimensional
modelling of the Baltic Cambrian sedimentary basin.
Litosfera. 5. Vilnius. 14-24.

Pusch R., 2004. Results of pilot tests. Competence devel-
opment in Lithuania in the area of spent nuclear fuel
disposal. Proceedings: International Workshop, Dubingiai,
17-18 December 2003. Vilnius. 65-72.

Sliaupa S., Rasteniene V., Lashkova L., Shogenova A. 2001.
Factors controlling petrophysical properties of Cambrian
siliciclastic deposits of central and western Lithuania.
Nordic Petroleum Technology Series: V. Research in Pe-
troleum Technology. Denmark. 157-180.

Sliaupa S., Hoth P, Shoegenova A., Huenges E.,
Rasteniene V., Freimanis A., Bitiukova L., Joeleht A,
Kirsimae K., Laskova L., Zabele A. 2003. Character-
ization of Cambrian reservoir rocks and their fluids in
the Baltic States (CAMBALTICA). (Ed. W. Bujakowski)
Cleaner Energy Systems Through Utilization of Renew-
able Geothermal Energy Resources. Kajc. Krakow. 61—
73.



Characterization of the Lower Cambrian Blue Clays for deep geological disposal of radioactive waste... 21

Sliaupa S. 2002. Rytg Lietuvos vendo-kambro paleostruktiriniai
ypatumai. Lietuvos vendas. Vilnius. 51-71.

Sliaupa S., Monkevigius A. 2004. Evidences of vertical gas
and fluid migration through the prospective clay for-
mations of the Baltic region: a risk factor to be con-
sidered. Proceedings of the International Workshop,
Dubingiai, 17-18 December 2003. Vilnius. 62-64.

3unoBenko I'. B., Abpamenko B. M. 2004. Cemumen-
TalMOHHAs MOJENb TEPPUTEHHOIO OCAAKO-HAKOIUICHUS
Ha Teppuropur benapycu B Banruiickoe BpeMsi paHHETO
keMOpust. Jlimacghepa. 1(20). 59-67.

Jlamkosa JI.H. 1979. Jlutomorusa, damuu u Koi-
JEKTOPCKHE CBOMCTBA KEeMOPUHCKHUX OTJIOXKEHUNH
OxHoit ITpubantuku. Mocksa: Hempa. 102.

Jolanta Eypiené, Saulius Pliaupa, Jurga Lazauskieng,
Artlras Baliukeviéius, Jonas Satk{nas

APATINIO KAMBRO BALTIJOS SERIJOS MOLIO
TINKAMUMO RADIOAKTYVIZJIZ ATLIEKD
GILUMINIO KAPINYNO ARENGIMUI RYT@
LIETUVOJE PRELIMINARUS AVERTINIMAS

Santrauka

Agyvendinant Lietuvos Radioaktyvigjg atliekg tvarkymo
strategijos reikalavimus, 2001-2004 m. buvo pradéta
panaudoto branduolinio kuro ir ilgaampig radioaktyvigjg
atliekg laidojimo galimybig évertinimo programa.
Programoje pirmiausia numatyta idanalizuoti  bei
apibendrinti geologina informacija ir parinkti giluminiam
kapinynui geriausiai tinkaneia geologing formacija
(formacijas).

Lietuvoje yra kelios perspektyvios geologinés formacijos
ir viena id jg — apatinio kambro Baltijos serijos molis.
Strategijoje numatytas formacijos storis turétg bati
mapiausiai 70 m, o sldgsojimo gylis — ne mapesnis kaip
200 m. biuos reikalavimus atitinka Baltijos serijos molis. Jo
storis siekia 115 m rytinéje Lietuvos dalyje, o kraigo gylis
kinta nuo 204,6 iki 1013,8 m. Perspektyvig kapinyno
konstrukcijai homogenidkg molio sluoksnig storis siekia iki
15-20 m, vietomis ir daugiau.

Radionuklidg migracija priklauso nuo molio sorbcinig
savybig, kurias nulemia mineraliné sudétis. Baltijos serijos
molyje vyrauja ilitas, sudarantis apie 60% molio, kaolinitas
— apie 30%, tuo tarpu smektito yra labai nedaug, ir tai
gerokai mapina bendras molio sorbcines savybes.

Geotechninés savybés iki diol mapai idtirtos. Reta tyrimg
duomenimis, kambro molis yra silpnas, jo brinklumo slégis
yra aukdtas, ir tai apsunkina popeminés galerijos inpinerines
salygas. Preliminarus apatinio kambro Baltijos serijos molio

dvertinimas rodo, jog bdtina tolimesné hidrogeologinig,
mineraloginig ir ypaé uolieng mechaninig savybig analizé.
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