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INTRODUCTION

Bulgarian Danube river bank has a length of 467.8 km. There are located 11
towns and over 20 villages, large industrial, energy and irrigation systems. At the
same time, a large part of the shore is covered by landslides, which cause consider-
able damage to the real estates, communications, facilities and fertile lands (D e m
irev etal, 1981; Angelov etal, 1983). Mostly affected part is western one
- a strip of 200 km from Tsar Simeonovo Village (Vidin region) to Nikopol Town.
Catastrophic landslides often occur in this region and the consequences of which are
heavier and counteramesures are more difficult and more expensive.

The characteristic features of catastrophic landslides are: speed of movement of
earth in the active stage of landslide processes ranging from few cm per 24 h to few
meters per minute; total change of field configuration after landslide action with the
formation of typical landslide relief forms — steps, small hills, reverse slope incli-
nations at some parts, depressions, ponds, wide cracks, landslide shafts; significant
landslide masses moving down the slope reaching tens of meters; serious damages or
complete destruction of buildings, roads, disruption of communications and others.

GEOLOGY AND GEOMORPHOLOGY

The Danubian plain is characterized by plain-hilly relief, genetically and spatially
predetermined by the structural geological base of the Moesian plate, mainly as a result
of the negative development of the western part of the Moesian superstructure plate
and the slight positive development of its eastern part during the Neogene-Quaternary.
The research area, Calafat-Vidin — Turnu Magurele-Nikopol sector, is situated entirely
within the western part of the Danubian plain, defined as Lom Depression.
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Lom Depression is built mainly of Neogene sediments and is characterized in
geomorphological aspect by slightly hilly, almost plain relief and well expressed
asymmetric river valleys (Table 1). The Danube river have steep right and inclined
left slopes. Vast watershed areas with an altitude of 100—-150 m predominate.

The geology of area is characteristic by Neogene and Quaternary formations.

The Neogene sediments are represented by Furen, Byala Slatina and Brusartsi
Formations. Furen Formation (Koyumdzhieva, Popov, 1988) is developed in
the eastern part of research area and it is well known from outcrops in the valleys
of the rivers Danube, Skat and Ogosta. It is represented by oolitic, sandy, detritic,
shellfish and other calcareous clays and sand layers. Its thickness reaches 40 to 50 m.

The Byala Slatina Formation is developed east of Ogosta River. This formation
is represented by yellow sands with variable particle size, conglomerate lenses and
layers from aleurites and aleuritic clays. The greatest thickness of 143 m is observed
in Oryahovo, and eastward it decreases to 40-50 m.

The Brusartsi Formation is presented by grey-greenish sandy clays. In the upper
parts there are sand layers, and at lower parts there are lignite coal layers. Their total
thickness is 50-70 m, the age is assumed to be Dacian-Romanian.

Quaternary system is represented by formations with a different genesis that
are related to Eopleistocene, Pleistocene and Holocene age. The eolic formations of
Pleistocene have relation to landslide phenomena

The eolic formations treat loess complex in the area are widespread and sub-
stantial thickness. The transition between them is gradual. Loess has a specific beige-
yellowish to grayey-yellowish coloration with fine-grained, porous, chalky in vary-
ing degrees, with clayey-silty content. Porous texture of the loess sets a good water
permeability in the vertical direction and pronounced sectility, in the same direction.
Consequently, in loess, numerous vertical walls are formed near the banks of the
Danube between Kozloduy and Oryahovo.

A characteristic feature of loess is its ability to collapse and reduces the volume
when it is water saturated. The types of loess in research area is mainly sandy and
typical. Sandy loess is seen as a very narrow strip, 2-3 km wide, along the Danube
River, between Kozloduy and Oryahovo.

Paleosoil horizons are more or less dark brown to reddish brown humus soil, with
modified and cleyey weathering horizons among loess. Loess complex has a thickness
of 40 m near Kozloduy to 120 m in the east Oryahovo, which consists of seven and six
loess paleosoil horizons (Yaranov, 1956; Mink o v, 1968, and others).

LANDSLIDE PROBLEM

The most favorable conditions for geological-geomorphological considerations
arise where there are landslides in the geological profile having significant quantities
of clay, clayey or weak layers, slightly sloping to the Danube river. Landslide move-
ments occur mostly in these geological strata. The other sediments as sands, marls,
clayey and sandy loess complex are involved in landslide process with their geologi-
cal load that create slip surface.

At least 21 catastrophic landslides have occurred in the last 50 years along the
Bulgarian Danube river bank (Table 1). Concentration of high-speed landslides is
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within Lom depression - between the towns of Dunavtsi and Oryahovo, near Tutrakan
and Nikopol (Luk an o v, 1979). The western part of the coast is dominated by active
landslides with a volume of over 1 million cubic meters.

The distribution of catastrophic landslides is not constant in time. There is a cer-
tain cycle, which is more pronounced in landslides with a larger scope — the depth of
the slip surface h>20 m and volume V>1 million m®. There are activations every 6-8
years — in 1972, the period 1978-1980, 1988 and 1991 suddenly shallow landslides
and smaller volume occur relatively frequently —usually every 1 year. Predisposing to
this type of landslides in the hills and have half of Danube bank: mainly at Oryahovo
and Nikopol. Shallow earth-flow type landslides with low speeds occur almost every
year in Oryahovo. According to seasonal distribution, shallow catastrophic landslides
trigger usually in the periods March-April and October-November, when the main role
is played by the spring and autumn rains (Bruchev, Frangov, 2000; Berov et
al., 2002; Bruchev etal., 20006).

The higher number of landslides in the March-April compared to autumn pe-
riod is associated with an additional influence of snowmelt, as well as technogenic
waters from constantly flowing taps during the winter period. In deep-seated cata-
strophic landslides, time of occurrence varies in a wide range — from February to May
and from October to December. Their distribution by month is almost uniformly — it
shows that the reasons for their occurrence are related not only to flood the slope and
is the result of the combined influence of various factors.

The most common causes activation of deep earthquakes and landslides have
penetrated the body of the landslide rainfall and technogenic waters. Coastal erosion
has great influence on the landslide in Boruna quarter, Lom Town. Other deep land-
slides are separated by 2—3 km away from the river and virtually no erosion affects
them. In shallow catastrophic landslides also play a major role in their storage and
artificial rainfall waters. River erosion driven mostly shallow landslides in the areas
closest to the nut. Deep erosion has a significant impact on landslides in Oryahovo,
Ostrov and Nikopol.

Fig. 1. Landslide distribution map of research area
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CURRENT STATE OF LANDSLIDE ACTIVITY

Landslides in Lom area

In 2012-2013, landslide movements have been established at many places along
the road Lom-Archar with subsiding of some section, which is a sign of ongoing
landslide activity. The mayor of the village of Dobri Dol has shown a new formed
fresh crack in the ceiling of the building indicating recent activity. To the west direc-
tion, landslide is still active almost to the village Archar. The neighboring landslides
can be characterized as potential.

Potentially unstable slope is located in the western part of the Lom Town (infor-
mation from Lom Mayoralty.

Few landslides affect the villages Botevo and Tsar Simeonovo westward from
Dobri Dol Village. They are developed in gentle slope not exceeding 5° to Danube
River. Slight creep movements are noticed at Tsar Simeonovo Village at the east-
ern part of the village. Movements are associated with fluctuations in the shallow
groundwater table and the poor condition of the drainage system.

Landslides in Gorni Tsibar area

Landslide strip covers the right bank of Tsibritsa River at its lower course
and slope above Gorni Tsibar Village. This is the most active part of the landslide
in this sector. Continuing activity of this landslide is demonstrated by the defor-
mations affecting road Lom — Kozloduy (Fig. 2). These are subsidences on the
road and fresh cracks in places that show a high risk to to be interrupted if the

Fig. 2. Deformations affecting the road Lom — Kozloduy (30.10.2013)
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movements continue. In the village, there are also observed cracks in buildings
suffered as a municipality, where, according to the mayor, cracking continues in
present days.

Landslides in Oryahovo area

The town of Oryahovo is highly affected by landsldies. In most part of houses
can be seen cracks and deformations. Most intense movements have been established
at the eastern part of Oryahovo (Figs. 3 and 4). On the road trace, fresh cracks show-
ing serious subsiding have been identified. In this part there are destroyed old houses.
The recent deformations reach the ferry port. There is a marshland between the road
and the Danube river, which indicates that landslide is deep seated and the slip sur-
face extends almost to the level of the river. Active landslide section has been es-
tablished at Zelena Bara area, also at nearest Center for technical inspection of cars
where the cracks in retaining walls and in asphalt road are exceeding 15 cm per year
(measured for period March-November 2013).

Movements affect almost the whole section of the high bank of Danube River
from the west side of Oryahovo, reaching almost to the village of Leskovets.

In the village Leskovets traces of relic landslides have been found, i.e. without
recent movements.

Fig. 3. Retaing wall damaged by landslide movements (22.10.2012)
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Fig. 4. Deformations on the road at the Center for technical inspection of cars (07.02.2013)

Landslides in Dolni Vadin — Ostrov area

Landslide road between the villages of Ostrov and Dolni Vadin also shows
movements. The most significant are they in the northeast of the village of Ostrov and
the villages of Gorni Vadin and Dolni Vadin. Some indications for activities on the
river bank near the village of Baykal. However, observations and countermeasures
are missing in these areas.

Landslides in Somovit area

In the vicinity of Somovit Village two sectors in unstable conditions have been
established. They are located in two large bodies of huge landslide cirques, which are
in relatively stable condition (“dormant” type). But at some places fresh cracks in the
houses of the village show an activity in present days (Fig. 5).

Landslides in Nikopol area

Recent activation of landslides occurred in 2006. A landslide is located about
300 meters east of the Russian monument. This slide however was relatively shal-
low, flow type, as much of the land mass been removed. At present there are no signs
of moving, although some typical landslide geomorphological elements are clearly
distinguishable in the field (Fig.6).
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Fig. 5. Cracked house in Somovit village. The concrete slab is cut (21.10.2012)

Fig.6. Landslide damages of stadium terrain, “Shipka street” Landslide, Nikopol Town
(16.04.2013)

71



SEISMICALLY ACTIVATED LANDSLIDES

As a part of the Alpine-Himalayas seismic zone, the territory of Bulgaria is
characterised by a relatively high local seismicity. In North Bulgaria, these are
the regions of Veliko Turnovo — Gorna Oryahovitsa and the Dobroudja Black
Sea coast, the Shumen district (all are outside the project area), as well as the
seismic foci in neighbouring Romania (Vrancea and Timishoara). Seismic haz-
ard in the region is mostly related to the events of Vrancea seismic zone where
earthquake hypocenters are at depths mostly from 80 to 120 km (Brank oo v,
ed., 1983). Maximum expected magnitudes do not exceed 4.0 for the almost
whole area.

Earthquakes in this zone reach the Danube river bank of Bulgaria and subject
it to macroseismic effects. This part of the territory of the country had been sub-
jected to strong historic and contemporary earthquakes causing great human losses
and destruction (Table 2, Fig. 7). A number of secondary seismogravitational phe-
nomena and deformations of the Earth’s crust are known which cause additional
destruction (I1iev, 1967; Brankov,ed., 1983; Rizzo etal., 1986; Frangov
et al., 2007).

The Vrancea earthquake (1940) (M=7.3) was felt on the whole territory of
Bulgaria. The highest degree was observed in Nikopol — VIII, and in the whole
area along the Danube the intensity was of the VII degree (Brank o v, ed., 1983).
Some landslides along the bank of the Danube (the Gorni Tsibar village, etc.) were
activated.

Table 2
The most significant earthquakes in the region
Strong Date Magni- | Max. Intensity | Consequences in the region of
earthquake tude MSK in N. Northern Bulgaria
Bulgaria

Vrancea, 01.11.1940 |73 VIII Destroyed buildings and con-

Romania structions in the towns along
the Danube river bank

Vrancea, 04.03.1977 |7.2 VI More than 100 people killed

Romania in the town of Svishtov, 3
buildings fully destroyed, a
lot of damages. The Svishtov-
Nikopol area is the most af-
fected one

Vrancea, 30.05.1990 |6.8 Vil Two people killed; cracked

Romania buildings; many rockfalls trig-
gered along the plateau scarps
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Fig. 7. Known seismogravitational phenomena in research area (modified after Frangov et

al., 1998): a — boundaries of the regions: I — Lom depression; I — North Bulgarian rising;

ITI* — Fore-Balkan area; b — case histories (macroefects): 1 — Gorni Tsibar; 2 — Oryahovo;
3 — Gorni and Dolni Vadin; 4 — Somovit; 5 — Nikopol

Another strong earthquake with an epicenter in Vrancea occurred in 1977
(M=7,2). In the whole area along the Danube Floodplane the intensity was of the
VIII degree. Affects several damaged buildings in Vidin, Lom, Kozloduy, Oryahovo,
Nikopol and many other places, cracks in the terrain built of clay and loess sedi-
ments cracks in landslide areas in villages Gulyantsi, Shiyakovo and Lenkovo. Loess
massifs on vertical slopes collapsed under its action (to the southeast of Nikopol,
etc.), as well as many landslides triggered (Gorni Tsibar, Oryahovo, Gorni and Dolni
Vadin, Somovit, Nikopol). Only in the Oryahovo town within old landslide nearly
900 buildings are affected, 102 of which are unsuitable for habitation. The number of
affected buildings in the Somovit are 240, as unfit for habitation 40, in the Gorni and
Dolni Vadim are affected 166 buildings, 60 of which have become unusable and in
Nikopol ratio is 1087 to 144 (Brank o v, ed., 1983). As secondary seismic events
occur liquefaction and flow of water saturated clayey and sandy-clayey alluvial sedi-
ments and a series of sandy-clayey cones with a length of 2—3 m to 300 m along the
terraces of the Danube River and its major tributaries (Brank ov, ed., 1983; [liev
— Brutcheyv,ed., 1994).

DISCUSSION

Stability of the landslides is determined by the erosive effects of the Danube
River, the fluctuation of groundwater levels and surface water, earthquakes, rainfall
and technical activities. Putting the dominant factor for the occurrence of catastroph-
ic landslides is very difficult without specific multiannual observations, and in many
cases the reserve of stability of a slope is exhausted from all the relevant factors in
complex proportions and ratios.
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The preventive activity in the expression of instability on the slopes of the high
Danube banks should be directed at eliminating or reducing the effects of destabiliz-
ing factors.

Useful measures increasing slope stability are: drying of landslide slopes with
different types of drainage, avoiding saturation the land by removal the surface run-
off, sewage system construction in the settlements, checking and sealing all canals
and pressure pipes passing through or over the landslide slopes, reducing the erosive
action of the Danube River.

To avoid artificially increasing the lateral river erosion should be carefully se-
lected locations for extraction of inert materials from the river. When erosion activity
at the base of the slope is manifested, a lining from roughcast stone can be made with
a suitable, depending on the flow speed, size of individual pieces. The lining can be
turned into a buttress, which besides erosion control, there will be a static function,
helping to increase retention forces in the heel of the slope.

Should not allow an adverse change in the ratio of the active and passive forces
providing the minimum reserve of stability. Undercutting the slope to form a level
surface (for track of road) should be undertaken only after computational verification
on the factor of safety under the new conditions, respectively after the construction
of appropriate strengthening measures. Still the same purpose must not be allowed
increasing the load on the upper (active) part of the slope, for example due to deploy-
ment of the embankments, heavy construction machinery, buildings, etc. Only pre-
ventive measures will not ensure the stability of slopes and prevent the occurrence of
a catastrophic landslide, but it will help a lot in this regard. The preventive measures
on landslide slopes in combination with reliable strength constructions will be able to
solve the problem on stabilizing of the creeping slopes along the Danube shore and
preventing of catastrophic landslides.
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MPEIIEJ HA PASITIPOCTPAHEHUETO HA CBJIAYMIIATA T10
BBJIITAPCKUA JYHABCKU BPAT" MEXAY BUJIMH 11 HUKOIIOJI

H. Jlobpes, b. bepos, I1n. Heans, M. Kpvcmarnos,
A. Benoepes, b. Muxankoea

(Pe3omMme)

Hacrosmoro wuscnensaHe pasmiexia pa3slIpOCTPAHEHHUETO Ha  CBIAYUIIA-
Ta 1o Bucokusa JlyHaBcku Opsr B yuactbka oT Buamn no Huxonosn. Ilo-romsimara
YacT OT TAX €a C JBJIOOKO pa3MoIOKeHa XJIb3raresiHa MOBbPXHWHA U 00EMH Hal
1 mutH. m®. OcHOBHUTE (DAKTOPU HA CBIAYHIIHATA AKTUBHOCT Ca BAJICKHUTE, CPO3HSATA
or p. yHaB, 3emerpeceHusita oT BpaHua, PyMbHUS, KAKTO U OT TEXHOICHHU Bb3-
neiictBus. Pa3mienano e cbCTOSHMETO HA aKTUBHOCTTA Ha cBiadyumara npes 2013 .
B OCHOBHMTE CEKTOPH Ha M3ciieABaHus yuacTbk: npu Jlom, lopau L{ubsp, Opsixoso,
Octpos-Llonuu Banun, ComoBut n Huxonos. YcraHOBEHa € akTUBHOCT IPU HAKOU
OT CBJIAQUMINATa, KaTo Hall-WHTEH3UBHA € TS B paiioHa Ha rp. OpsAxXoBo, KBJIETO € U3-
MepeHa cKOpocCT oT 15 cm 3a rognHa B paiioHa Ha L{eHTbpa 32 TEXHUUECKH Ipereu.
Jpyru akTUBHH y4acTbIH ca yctaHoBeHH nipu c. 1oopu [om, c. [opan Luosp u p.
Huxomnou.
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