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ABSTRACT: The geoenvironment in the area of the only operating radioactive waste repository
in Bulgaria has been analysed. The repository is intended for storage of all kinds of low and
medium level radioactive wastes with the exception of these from nuclear power production.
The performed investigations prove that the 30 years of operation have not caused pollution of
the geoenvironment. Meanwhile the existing complex geological setting does not provide
prerequisites to rely on the natural geological safety barriers. The studies performed so far are
considered to be incomplete since they do not provide the necessary information for the
development of a model describing the radionuclide migration as well as for understanding of
the neotectonic circumstances. The tasks of the future activities are described in order to obtain
more detailed information about the geology in the area.

INTRODUCTION

The only operating radioactive waste (RAW) repository in Bulgaria is situated in the
neighbourhood of the capital Sofia in the Lozen Mountain. It is functioning since 1964 and
is intended for storage of radioactive wastes discharged by medicine, stock-breeding,
metallurgy, construction works control, research laboratories, etc. The repository construction is
of the shallow type and there are about 300 m3 of low- and medium level radioactive wastes
stored in it.

The main object of the present report is to analyse and summarise the results from the geological
explorations of the repository site and its surrounding region performed so far. The design of the
repository in the beginning of sixties was made on the basis of expert conclusions without the
performance of specialised engineering geological and hydrogeological investigations. Similar
investigations were carried out just in the beginning of the nineties by the Geotechnical Laboratory
of the Bulgarian Academy of Sciences (Evstatiev et al.,1991). The main conclusions from these
studies are presented in two publications (Evstatiev et al., 1993 and Evstatiev et al., 1994). These
publications are source of information in the present work with some amendments. One of them is
the new geologic map (Fig. 1) in which the stratigraphy and the tectonic of the area are actualized.
In addition, the main tasks of the impending geological investigations are formulated, the main
purpose being to collect new data about the neotectonic conditions and for the development of a
model evaluating the radionuclide migration in the environment.

GEOGRAPHICAL CHARACTERISTIC

The repository is located close to the watershed of the Lozen Mountain at an altitude of 920 m, the
nearest inhabited locality being at a distance of 4 km. The slope acclinal is 13-16 % in N-NE
direction. The relief of the region is formed mainly by plain denudation and gully erosion. There are



two ravines in the vicinity of the site with variable water outflow, draining the surface water
running downwards the slope.

According to the data from the nearest meteorological stations the predominating wind direction is
W-NW with the exception of the fall season when the direction is SE-E. Precipitation values are
very close to the average for the country. The absolute maximum daily amount of precipitation is
90.6 mm. The repository site is not endangered by flooding and gully erosion and there are no data
about hazardous atmospheric phenomena

GEOLOGICAL STRUCTURE

The geological structure of the investigated area consists of Lower Paleozoic, Upper Paleozoic,
Lower Triassic, Neogene and Quaternary deposits and several magmatic bodies of granitoides and
lamprophyre dikes (Fig. 1), represented by:

Precambrian. The Precambrian rocks in the region are represented by the so-called Diabase-
phyllitoid Complex, named by the former researchers (Dimitrov, 1937) "a Prasinite formation".

Diabase-phyllitoid Compex. The rocks building the complex are not dismembered. They fall within
tectonically formed block structures and are represented by diabase and its pyroclasites, green
rocks, amphybole schists and phyllites. The whole complex is metamorphised in green schist facies.
Its thickness does not exceed 750 m. Its age is accepted to be Vendian-Lower Cambrian
(Kozhukharov, 1984).

Cambrian sediments are represented by Ordovician, Upper Carboniferous and Permian rocks.

Ordovician.

Phyllite-schist and Phyllite Formation. This formation builds up the terrain of the repository site
(Fig. 1). The formation thickness is about 300-500 m. It consists of thin layered, semicrystalline,
clayey, quartz-sericitic phyllites. They are of greyish green to dark-grey colour, sometimes with
glancing and finely undulated surfaces. Under weathering or tectonic processing they are
transformed to ochre yellow or rusty brown clayey mylonites. The weathering zone of phyllites
reaches 5-7 m. They have a fine laminated - parallel fabric and an aleurolite to micro-lepidoblastic
texture. Fine flaky sericite, quartz and a little biotite predominate in their mineral composition. On
some places thin (up to 1 m) intercalations of quartzites are established among the phyllites.
Stratified and transversal quartz lenses and veins, several centimetres thick, are encountered in the

whole formation. The phyllite schistosity is of E-W orientation (80°-90°) and steep inclination to

the North (74°-80°).
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Fig. 1. Geological map of the area between the Novi Han and Gabra villages (after Kozhukharov et al. 1980
and Hiev, Katskov, 1990 with ammendments):

1 - Quaternary formations and drift fans; Neogene: 2 - Lozenets Formation; 3 - Novi Iskar Formation; 4 -
Clayey sandstone and clay with Chukurovo coal layer; 5 - Conglomerate - sandstone - clay Formation; Upper
Cretaceous: 6 - granitoids; 7 - Sandstone Formation; Triassic: 8- Lozen Formation; Permian: 9 - Ravuljano
Formation; 10 - Tarnava Formation; 11 - Gabra Formation; Upper Carboniferous: 12 - Cervenigrad
Formation; Ordovician: 13 - Phyllitoid schists andphyllite Formation; Precambrian: 14 - Diabase-phyllitoid
complex; 15 -faults; 16- elements of rock bedding



Upper Carboniferous. The Upper Carboniferous in this region is represented by the Chervenigrad
Formation.

Chervenigrad Formation. It consists of breccia-conglomerates and alternating conglomerates and
sandstones with small aleurolite and argillite intercalations. The red colour is characteristic for the

rocks. The age of the whole formation is Stephanian /ce C2S/ and its thickness is 550-1100 m.

Permian. The Permian sediments are dismembered in three formations: the Gabra, Tarnava and
Ravuljanovo ones.

Gabra Formation. It is built up of sandy aleurolites, argillites and marls. Calcareous concretions,
carbonate strips and carbonate binder have been established among the sandstones. The age is

Upper Stepham'an-Permian /gb C2S - Pi/ and the thickness is 380-550 m.

Tarnava Formation. The age is Lower Permian /trPi/. It is represented by unsorted breccia-
conglomerates and gravelly sandstones. The thickness is 160-200 m and is distributed at the
northern slope of the mountain.

Ravuljanovo Formation. It is situated also at the northern slope of the mountain and is built up of
sandstones with aleurolite and argillite intercalations. The thickness is 50-200 m and the age is
Upper Permian /ra P2A

Triassic in the region is represented by Lozen Formation

Lozen Formation is built of the typical for the Buntsandstein red quartz conglomerates, sandstones
and aleurites. They are deposited on the young Paleozoic sediments. The Lozen Formation is
represented in this region by its Rusamskidol member /lo/r T]/, consisting of versi-coloured
quartzose sandstones with a total thickness of 240 m..

Upper Cretaceous. The Upper Cretaceous is represented by differing in size magmatic bodies and
by the sediments of the Sandstone Formation.

Sandstone Formation. It is observed to the south of the Novi Han village and is built by regular-
grained sandstones with single intercalations of quartzitized sandstones and dark limestone lenses.
Its thickness reaches up to 200 m. The age is Turonian.

Magmatic rocks. These bodies are observed to the south of the repository site and consist of biotite
microgranite with a transfer to syenodiorite and quartz-syeno-porphyry. Their texture is porphyritic
and the structure is hypidiomorphic-granular. The magmatic rocks age is Upper Cretaceous /g5 K2/.

Neogene. The Neogene sediments in the region are represented by the rocks of: the Conglomerate-
sandstone-clay Formation, the Clayey sandstone and clay Formation with the Chukurovo coal layer,
the Novi Iskar and Lozenets Formations.

Conglomerate-sandstone-clay Formation. The thickness is about 50 m and the age is determined to
be Upper Miocene /8 Ni2/.

Clayey sandstone and clay Formation with Chukurovo coal. It is represented by clayey sandstones,
sandy clays, fine-grained sandstones, 16 coal layers, plastic clays and conglomerates with a total
thickness of about 200-250 m. The age of the sediments in this formation is Upper Miocene 19
Ni2/.

Novi Iskar Formation. It is observed in the vicinity of the Novi Han village and is represented by
uniform grey and grey-bluish layered clays with a thickness of up to 350 m.

Lozenets Formation. It is represented by irregularly alternating yellowish sands, sandy clays, grey-
green aleurites and clays having thin layers of sandstone and lignite coal in its lower part that are
formed as the Novi Han member. The thickness is about 300 m.



Quaternary sediments. In the investigated area they are formed by talus deposits /d Qh-p /, eluvial
and eluvial-talus sediments /e Q, e-d Q/ and alluvial deposits /a Qp3/. The Quaternary sediments are
not thick, with granulometry changing from rock pieces and gravel to clays and have a limited
distribution.

TECTONICS

The area of the repository belongs to the Maritsa fault zone (Bonchev, 1971) with width of more
than 20 km. This determines the complex tectonic structure, which includes rocks with a broad age
range (Precambrian-Quaternary). They were subjected to Paleozoic, Mesozoic and Neozoic-
Quaternary deformations.

The contemporary tectonic structure of the region is dominated by the fault network of the Maritsa
fault zone where two main systems predominate: longitudinal (100-130°) and transversal (15-45°)
ones. The complex block structure of the region between the Novi Han and Gabra villages is
formed by these systems combined with some smaller faults with other directions.

The more important faults of the longitudinal system are the Novi Han fault dividing the Neogene
lithostratigraphic units from the Mesozoic and Paleozoic units, the Mogilene fault, the Iazdirastovo
(Krushovitsa) fault passing to the north in the immediate proximity of the RAW repository, the
Chukurovo fault, etc.

The more important faults of the transverse system are the Gola Mogila, Soposh, Preko Mogila and
Chukurovo faults. They divide differing in age lithostratigraphic units and play an important role in
the formation of the block structure of the RAW repository region. The Preko Mogila fault passing
in the immediate proximity of the repository is of extreme importance.

The Paleozoic rocks in the repository region are fissured and jointed mainly in four dominant sets:

NNE (10°-20°), WNW (290°-300°), NE (40°-50°) and ENE (70°-80°). The fissures in the
Ordovician phyllites correspond to the orientation of the near joint zones with almost E-W direction
and a steep inclination to the North. They are sub-parallel to the schistosity.

Special measurements of recent vertical crust movements in the repository region have not been
carried out. There is geological and geomorphological evidence for the young rising of the Lozen
Mountain (from the Miocene till now). The permanent earthquake's epicentres in the Sofia seismic
zone prove the late tectonic activity. According to the map of the recent vertical crust movements,
the Lozen Mountain is rising at a constant velocity of 1-2 mm per annum.

It is obvious that the site is located in a very complex tectonic structure, with intensive tectonic
activity continuing after the Neogene. In consequence, the mountain massif has been greatly
deformed, divided by faults, whereas the rocks that build it are broken, fissured and in some zones -
turned into mylonite. The width of these zones varies from 0.30-0.50 m to 10-15 m.

ENGINEERING GEOLOGICAL SETTING

Engineering geological mapping of an area of 1 km2 in scale 1:1000 was performed (Evstatiev et
al , 1991). The data obtained from six boreholes, 250-790 m deep, 80 to 1500 m around the site,
were analysed. Core drilling within the area of the site including three boreholes (BH-1, BH-2 and
BH-3) with corresponding depths 15, 20 and 25 m was performed. The rock and soil samples were
subjected to determination of their physical and mechanical properties and cation exchange
capacity.

The soil base of the repository is composed of the following varieties (Evstatiev et al., 1991):



Artificial fill. It is made during the levelling of the site and has a maximum thickness of 1.5-1.8 m.
It consists of poorly graded pieces of weathered phyllite with sizes from 3-4 to 10-12 cm and fine-
grained clayey-sandy filler. It is insufficiently compacted and susceptible to differential settlement
under moistening.

Weathered phyllite (eluvium). The thickness of the weathered phyllite layer is 3.0-4.5 m. In its
upper part the clayey-silty fraction is predominant (up to 70 %) with inclusions of small (up to 3-
4 cm) angular pieces of easily splitting phyllites. The quantity and sizes of the phyllite pieces
increase in depth, while the content of the fine fractions - silt and clay, decreases. According to their
grain size distribution and plasticity index Ip, the eluvial deposits are classified mainly as sandy
clays which turn from silty on the surface to gravelly ones in depth. Their properties change in the
following ranges: bulk density pn= 1.98-2.06 g/cm3; water content Wn=14-18%; dry density
pd-1-73-1.75 g/cm3; density of solid particles ps=2.66-2.68g/cm3; porosity n=34-36% and void
ratio e=0.52-0.56. The relative consistency Q- of the fine-grained fraction is greater than 1, which
means that it is with very stiff to hard consistency. The cation exchange capacity varies from 5 to
33 mg equ/100 g. The value of the bearing capacity of weathered phyllite is 0.3-0.4 MPa and it may
be assumed to be a suitable foundation base for the existing concrete bunkers and shafts.

Fissured phyllites. They have been established at a depth of 4.5-5.5 m under the surface. The
weathered phyllites turn gradually into fissured and broken, fine bedded, quartz-sericite ones.
Phyllites are mylonitized and transformed to clay in the fault zones. Broken and fissured phyllite
bodies have been established to the depth of 790 m. Less fissured and stronger interlayers are
encountered which have variable thickness in horizontal direction. The dominant joint set (Fig. 2)

has a line of strike in NNE (10°-20°) - SSW (190°-200°) direction. The density of solid particles
of the unweathered phyllites is ps = 2.72-2.73 g/cm3. Their bulk density varies in a wide range-
from p n - 2.31-2.37 g/cm3 to p n = 2.63-2.68 g/cm3 since they are fissured to a different degree.
This is the reason for the unconfined uniaxial strength variability of water soaked samples, which
changes from 1.3 MPa to 12-14 MPa. The bearing capacity of the strongly fissured phyllites is 0.5
MPa and of the less fissured ones -1.5 MPa.

Fig. 2. Rose diagram of joints in the phyllite-schist Formation.



No landslides and rock falls were established in the repository area. There are no conditions for the
evolution of such processes except for the case of deep excavations or slope cutting. There are
certain and supposed faults around the repository area (Fig. 1). At about 100 m to the North of the
site was established a fault which is a part of the deep and wide Iazdirastovo fault zone. It was
crossed by one of the boreholes in the interval between 4 and 14.5 m. In this interval the phyllites
are strongly mylonitized and ground to clay at some places. Their colour is changed to ochre and

dark brown. The angle of bedding is greater - from 70°-75° to almost vertical. The area of the
repository site is crossed by other faults which are not exactly located (Fig. 1).

According to the seismic zoning of Bulgaria for a period of 1000 years (Bulgarian Building Code
..., 1987) the storage site is located on the boundary between a region with seismic intensity of VIII
degree and a region with seismic intensity of IX degree according to the MSK-64 scale. The
situated in the proximity tectonic faults with recent earthquake activity as well as the importance of
the repository are the reasons to assume the IX degree of seismic intensity and the seismic constant
of Kc^O.27. This constant could be corrected in eventual microseismic mapping of the area.

The radioactive waste repository is not exposed to danger of the destructive action of landslides,
rockfalls, karstification, gully erosion, subsidence or significant settlement of the soil base. The
main hazard for the safety of the repository is the high seismicity. The strongly fissured phyllites do
not allow the rock massif to be considered as homogeneous with regard to its physical, hydraulic
and mechanical behaviour.

HYDROGEOLOGICAL SETTING

The Paleozoic rocks in the area represent a low water bearing and low permeable formation. Their
permeability is higher in the tectonic fissured and faulted zones and in the upper weathered layer.
The groundwater in the Paleozoic rocks is circulated in rock fissures and is recharged mainly by
precipitation. The schistosity of the Ordovician phyllites determines their anisotropic water
permeability. They are a confining bed in transversal direction to the stratification. The water
permeability increases in the fissured and faulted zones and parallel to schistosity, which is oriented
in direction to the slope inclination. The fine-banded phyllites, inclining steeply to the North enable
the precipitation water to infiltrate into the massif. The penetrated water is drained in the
intersections of schistosity with tectonic faults and cracks and in the erosion forms of the ravine
system. The only larger spring, which drains the formation of phyllite-schists is situated at an
elevation of about 850 m to the North from the repository and is captured for water supply. The
maximum flowrate is about 0.2 1/s. The water has a hydrocarbonate-sulphate-sodium-calcium
composition with a total salt content of 0.08 g/1 and a slightly acidic reaction (pH=5.6).

There are several small springs along the valley of the Gabra River that originate from the
Carboniferous-Permian terrigenous complex, their waters being mainly hydrocarbonate-calcium-
magnesium.

The pumping-in permeability test performed in the piezometric boreholes proves the variable
filtration characteristics of the phyllites and the unstable water table of the aquifer. Its surface is at a
different depth from the surface - from 6-7 m to 15-16 m. A full loss of the drilling fluid occurs
when passing through strongly fissured phyllites or quartz veins. In order to assess the filtration
properties of phyllites a field pumping-in permeability test has been carried out in the boreholes
drilled in the repository site. The values of the determined coefficient of permeability Kf are from
0.06 m/24h to 0.7 m/24h.The chemical composition of the water samples from the boreholes is
sulphate-hydrocarbonate-sodium-calcium with a total salt content of 0.136 g/1.

The performed preliminary survey (Evstatiev et al., 1991) is insufficient for the full understanding
of the hydrogeological setting of the radioactive waste repository. It is still not clear how the
groundwater feeding proceeds in the vicinity of the mountain watershed - by precipitation only or



by water flowing along some fault structure. The period of water pumping during the exploration
was too short and could not supply the necessary data for carrying out of model investigations. The
established water levels below 6-7 m have to be taken under consideration for the assessment of
radionuclide pollution of the environment. The unfavourable circumstance is that the main direction
of the fissures coincides with the slope inclination. The tectonically fissured and faulted massifs
represent a medium that is one of the most difficult for prediction and modeling of groundwater
flows.

The results from the radiogeological investigation of the rocks and groundwater in the repository
area are described in the above cited report and publications (Evstatiev et al., 1991, 1993 and 1994).
The radioactivity log of the rocks, the gamma-ray log of the boreholes on the site and the laboratory
radiochemical analyses of the water sources in the repository area have not detected radioactive
contamination in the rock massif and in the groundwater.

CONCLUSIONS AND TASKS OF THE FUTURE INVESTIGATIONS

The investigations performed so far at the site and area of the RAW repository in Novi Han allow
distinguishing between the following favourable and unfavourable conditions with respect to the
geological character:

Favourable Conditions:

• the lithological-stratigraphical structure and the tectonic conditions in the zone of the repository
are well studied for purposes of the preliminary geological assessment,

• the host rock built of phyllitoid schists and phyllites has great thickness and areal occurrence to
a considerable distance around the repository;

• the weathered part of the host rock possesses good sorption capacity;

• no exogeodynamic processes representing a danger for the repository integrity have been
developed in the zone around it;

• the site is not endangered by flooding;

• the soil base possesses sufficient bearing capacity to guarantee the absence of great and irregular
subsidence.

Potentially Unfavourable Conditions and Circumstances:

• shallow groundwater table with unknown origin and hydraulic parameters;

• strong fissuration and disintegration of the rock in the top 5-7 m, presence of mylonitized zones
in depth;

• orientation of the fissure system and schists stratification along the slope inclination;

• high seismicity of VIII-IX degree according to the MSK scale;

• complex tectonics: existence of faults in the zone of the repository with unknown position,
amplitude, contemporary history and eventual effects;

• location of the repository at a big altitude (920 m) in the proximity of the capital city;

• the presence of unprocessed wastes stored in the repository increases the importance of the
unfavourable geological factors.

The results from the investigations carried out till now are insufficient to evaluate the eventual
influence of the described potentially unfavourable geological factors on the safe operation of the
repository. Its location in the proximity of the capital city requires the performance of additional



studies, mainly hydrogeological, neotectonic and seismic-tectonic ones, in order to understand the
following problems:

• hydraulic parameters, feeding and draining of groundwater;

• geometrical parameters, filtration coefficient, distribution coefficient and sorption porosity of
the aquifer, as well as other necessary data for the development of a prediction model for
radionuclide migration in groundwater;

• neotectonic circumstances in the repository area, elaboration of a detailed structural and a
geological map with description of the fissures, fault disturbances and active faults in the
surrounding zone;

• the exact evaluation of the seismic coefficient according to the MSK scale - IX degree
represents a boundary condition in repository site selection, and such a degree for existing
repositories requires extremely serious constructive and other safety measures.
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