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Abstract. The knowledge of present denudational processes from the left bank of
Bistriţa valley in the area between Poiana Largului and Buhalniţa – Rugineşti is of
major importance at least from two points of view. The first refers to the relations
between the evolution of denundational processes and of the lake area (implying
clogging processes). The second relates to the proportion in which the respective
slope processes affect the quality and functionality of DN15 national road, important
route that links Piatra Neamţ with Vatra Dornei and Transilvania. This study
analyzes the present state in the evolution of denudational processes and the way in
which they negatively affect the functioning of DN15. The study has been eased by
the existence of several studies from 1960-1980. Our research from 2011-2013 has
focused on evidencing new causes that favor the extension and reactivation of
landslides. Among these are the numerous constructions located on relatively stable
slope deposits, missing corresponding landslide prevention and mitigation works, as
well as the heavy traffic on DN15 from the last two decades. The study also had in
view the identification of areas with recent landslides which have lead to the
impairment in different aspects of the DN15 carriageway and the temporary closure
of several sectors.

Introduction
The researches have been conducted during 2011-2013 and have focused on
the knowledge of the present state in the evolution of denudational processes
(landslides, gullying and surface erosion) from the left bank of Bistriţa valley, in
the Poiana Largului-Buhalniţa sector. They consisted mainly in the identification of
the areas with recent reactivations of the mentioned processes, in evidencing the
dominant types and subtypes of these processes, inventorying their negative effects
on the man-made structures and evidencing the causes that have lead to the
reactivation of denudational processes. The respective sector has been chosen
because it is characterized by the most favorable lithologic and morphologic causes
for the triggering and reactivation of landslides, and as a consequence it has
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witnessed in the last decades numerous and important processes with negative
implication on human activities.
The limits of the study area are to the north-east the main summit of
Stânişoara Mountains and to the south-west the reservoir’s bank (Fig. 1).

Fig. 1. Position of the study area
The left bank of Bistriţa valley, on the overall corresponding to the Izvoru
Muntelui – Bicaz reservoir, has been thoroughly studied beginning with the 60s70s years of the 20th century. Among the numerous papers regarding the geology
and geomorphology of the area are those of Băncilă (1958), Bojoi (1962), Donisa
(1968), Ichim (1979), Ichim et al. (1979, 1986), Martiniuc et al. (1971), Ichim and
Surdeanu (1972-1973), Mutihac and Ionesi (1980), Surdeanu (1975, 1981, 1982,
1984, 1987, 1998), Surdeanu, Borsaru and Buf (1980), Rădoane (1983, 2004),
Surdeanu and Catană (1985). Besides the information included in these papers, we
have used data from the study conducted at ,,Stejarul” Piatra Neamţ Research
Station in 1977 under contract with the Iaşi Direction for Roads and Bridges (The
dynamic evolution of landslides affecting DN15 in the Buba and Huiduman areas,
coordinated by Surdeanu V.).
1. Materials and methods
The information sources used in the study are represented by the 1:25,000
scaled topographic maps, 1:200,000 geological maps, the landslide map/inventory
of Bistriţa valley between Borca and Bicaz (Surdeanu, 1975-1977) and aerial
images (scale 1:5,000, flight year 2008).
The working methodology included a prior documentation and a synthesis on
the existing material, field observations and measurements, processing and
interpreting the aerial images, the field data and those obtained from other sources,
ending in the synthesis and classification of the areas affected by landslides.
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2. Results and discussions
The main denudational processes that affect the left bank of Bistriţa valley in
the area of Izvoru Muntelui reservoir and which generate important material losses
are landslides in different evolution stages, seconded by gully and surface erosion.
Most of the landslides in the area are old, probably since the Lower
Pleistocene, with reactivations and relative stabilizations in the Holocene and up to
present. These have led to the extension of slope debris deposits, both towards the
upper and lower parts of the slopes, as well as to an increase in the thickness of the
deluvial deposits in the lower third of the slope (10-25 m and even more in the
submerged area).
The main factors that have let to the occurrence, diversification and evolution
of the deluvial deposits are:
- lithologic and tectonic, represented by the alternations of sandstones,
shales, marls and limestone corresponding to the formations of CretaceousPaleogene flysch (Hangu and Audia strata); seismic movements (if they exceed 6
Richter degrees) and present lithostatic adjustments with values of 5-6 mm/year in
the area of Eastern Carpathians (Cornea et al, 1973);
- morphological, such as slope lengths which in different sectors of the
valley vary between 1,500 and 2,500 m, high relief fragmentation of 4-5.5 up to 67.5 km/sqkm; high and very high declivities, from 5-15% up to 40%, as well as a
deepening of the secondary hydrographic network in the slope deposits;
- climatic, with an important role of the mean annual rainfall of 600-800
mm, mean monthly rainfall of 80 up to 200 mm in the warm period; relatively low
evapotranpiration; alternations of droughty years with years or seasons of abundant
rainfall; heavy rains; soil frost on depths of over 1 meter in the severe winters etc.;
- hydrogeological, the underground waters being relatively abundant, with a
lenticular development in the slope deposits, resurging as springs;
- anthropic, in which case are important the changes in the land use before
and after 1960 and the displacement of the villages higher on the slopes; the
construction of DN15 and the complex adjoining works (excavations, depositions,
drains, bridges) which have led to an overloading of the slope; traffic
intensification.
The areas targeted by our study include the basins of Vârlan, Buba (Leţeşti),
Butii, Huiduman and Grozăveşti brooks, where denudational processes have been
reactivated since 2000, affecting the carriageway and the protection works of DN
15, the small tunnels, bridges and viaducts, as well as civilian constructions. Large
scale geomorphologic surveys and the determination of diverse parameters
(Surdeanu, 1975) have targeted the identification of the areas with the most recent
reactivations of slope processes and of the negative effects on DN 15. These have
implied comparing the present situation with that from 1960-1970 and determining
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the new causes that contribute to the active evolution of denudational processes or
the role of other processes in slope modeling.
Starting with the 1990s, human activities have caused the manifestation of
new factors favorable to the reactivation of denudational processes, as well as to
the intensification of the action of previous ones. Among these can be mentioned:
- the lack of works needed for a good functioning and protection of DN 15,
which determines the clogging of ditches, drains from the slope near the road and
of the pipes beneath, thus ensuring no longer the evacuation of the water coming
from the slopes. The embankment of the road functions as a dam, favoring the
moistening of the slope deposits, the blocking of the carriageway with such
materials, fissuring or partial destruction of some protection walls, abutments,
bridge piles and viaducts;
- traffic intensification on DN 15, especially of the heavy one in the last two
decades, which determines frequent trepidations;
- the increase in the number of large civilian constructions (vacation houses,
hotels), most of them located on insufficiently stabilized slope deposits and lacking
consolidation (protection walls, drains etc.) and wastewater evacuation works;
- the occurrence of new secondary water routes on slopes, missing the
necessary consolidation works;
- the lack of works on the brooks that pass under DN 15 (dams, frame walls)
that would determine the over-rising of their thalwegs. We consider that all the
works meant to ensure the draining under the road of rainfall, slope water and all
the brooks are poorly dimensioned. The large discharges during heavy rainfall
haven’t been taken into consideration, and the level at which these works pass
under the road (5-10 m) determines high declivities on the valley slopes and low
base levels, which concurrently lead to conditions for the undermining and
reactivation of the slope deposits. The same relief energy occurs on the slopes from
the opposite, lower, part of the road, with negative effects on the carriageway
(cracks, uneven sectors). As a consequence, the base levels of the valley bottoms of
the mentioned brooks stand out as main factor in the reactivation of the
denudational processes. This underlines the need for maintenance and management
works of the brooks neighboring the DN15 road.
As a consequence of the varied action in time and space of the numerous
mentioned favorable factors, the surface affected by landslides has increased. The
active landslide areas have become more frequent, affecting several sectors of
DN15 and in different proportions some of the adjacent works. Large cracks and
compacted areas (from centimeters up to over one meter) have occurred on the
carriageway and in its foundation, causing difficulties or even the temporary
interruption of traffic. For the inventory, analysis and exact location of some of
these processes, the phenomenon has been analyzed in five basins mentioned
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above. In all these areas the dominant denudation processes are landslides, which
occupy 65-70% of the surface. Secondarily, on some stabilized slope deposits have
occurred forms of torrential erosion such as gullies, as well as medium and intense
surface erosion which sometimes leads to a complete removal of the soil.
Landslide debris is characterized by depths of 1-2, 5-8, 10-15 and even 20-25
m, being thinner on the upper part of the slope (up to 2-3m) and thicker in the
middle and lower parts. The sliding speed is varied from one year / season to
another, sometimes reaching the speed of mudflows (Muchia Bubei area). The
same variation is registered in the case of landslide ages, from very recent,
Holocene ones to older, Pleistocene.

Area 9
Areas 8A
and 8B

Areas
6 and 7

Areas 3,
4 and 5
Areas 1
and 2

Fig. 2. Position of the main affected areas

Gullies and other forms of torrential erosion occur usually on the higher
declivity slopes, in the areas of landslide scarps or even on the main landslides
bodies, which they fragment. Some are active, while some of them are in different
activity stages. A part of them are completely clogged, the material from their
channel being detached during the humid periods, sometimes as mudflows.
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Surface erosion has different intensities, from weak to very intense, according
to slope values and land utilization. It secondarily affects most part of the landslide
deposits, determining local sedimentation of the micro-depressions or of the local
plane areas.
The most important areas affected by landslides recently reactivated and their
main effects in relation to human activities have been marked on the map (fig. 2).
In area 1, situated close to the viaduct west of Buhalniţa, the relatively active
landslides affect the mentioned structure (its beams have suffered unequal
displacements) and the road carriageway. These consequences have also been
favored by the emplacement on the slope deposits upstream the road and on the
deluvial fan of three houses and adjacent constructions (Fig. 3).

Fig. 3. Section viaduct Buhalniţa – DN 15 (Area 1)

Area 2, situated 100 m west from the previous, is located on an old partially
reactivated landslide debris deposit. In this area, in 2005-2006, the carriageway of
the road suffered a rupture and a subsidence of about 0.8-1.0 m depth on a length
of 80 m. In order to ensure the road traffic were needed filling and asphalt works so
as to eliminate the deformation. In the respective area the main problem is
represented by the torrential organism that passes under the road at a depth of 4-5
m, missing proper works for stabilizing the valley bottom and the slopes or for
eliminating excess water, especially downstream the road (Fig. 4).
Area 3 is located on a secondary landslide debris deposit in the Grozăveşti
brook basin. In this situation the negative effects due to the sliding of the deposits
from the upper part of the slope and of a compaction of the road are obvious, and
are due to the lack of stabilization measures of the valley bottom upstream and
downstream its under-road channel. The construction of buildings on the landslide
body without consolidation works of the escarpments created on the slope
contributes to this situation (Fig. 5).
Area 4, situated in the Grozăveşti township and occupying a surface over 15
ha, is affected on both sides of the road by relatively stable landslide debris
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deposits. These deposits have thicknesses of 3-5 up to 5-8 m, and are recently
reactivated on small areas, affecting the stability of the national road. Because of
this a series of prevention and consolidation measures have been taken (drains,
abutment walls etc) (Fig. 6).

Fig. 5. Construction on a stabilized landslide body lacking consolidation
works (Grozăveşti, area 3)

Area 5, which corresponds to the whole basin of Huiduman brook, is
representative for the entire study area in what regards the extension and intensity
of denudational processes, dominated by landslides. A filling deposit of a
secondary torrential organism from the right side of Huiduman brook frequently
reactivates during the rainy years. Because of this it is avoided through a viaduct
built when the road has been upgraded. During the last years the viaduct has been
subjected to heavy pressures due to traffic, being recorded unequal distances
between the links between the beams and the filling of the spaces between the
bankseats with landslide debris etc. (Fig. 7).
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Fig. 6. Recent rehabilitation works (consolidation and drains) (DN15, Grozăveşti, Area 4)

Fig. 7. Section Viaduct Huiduman - DN 15 (Area 5)
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Area 6 corresponds to the basin of Butii brook. In its upper part the deluvial
slope deposits are older and affected by humidity excess. There are also small
sporadic areas affected by recent landsliding with seasonal activity. These
lenticular landslides occur also in the lower part of the basin, where there are
numerous active scarps, with heights up to 1-2 meters. In the lower part of the
basin, after the intersection with DN 15, the declivities of the slopes are high and
are accompanied by frequent small main and minor scarps and recently reactivated
landslides. The course of the brooks passes through a concrete tunnel situated 12 m
below the carriageway level, difference that has caused a subsidence of the road
with 0.7-0.8 m, on a distance of 50-60 m (Fig. 8).

Fig. 8. The basin of Butii brook (area 6, Grozăveşti)

Area 7 is located on a deluvial fan of a landslide which intersects DN 15
immediately west of Butii brook, where the road surface has suffered a
dislevelment of 0.5 -1.5 m on a length of 80-100 m (Fig. 9).
Area 8 B corresponds to the hydrographic basin of Leţeşti brook, which is
affected in different proportions by a entire framework of denudational processes,
that have resulted in slope deposits similar as thickness, age, landslide type,
frequency of active scarps and gully erosion forms as those from Huiduman brook
basin (Fig. 10).
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Fig. 9. Area 7, Grozăveşti

Fig. 10. Denudational processes in Leţeşti brook basin (Area 8B)

Area 8 A represents a torrential basin including landslides (on the northwestern part of the Leţeşti basin, under Muchia Babei), which reactivated in the
last decade. It includes a very active, semicircular scarp situated in the upper third
of the slope, 200 meters from DN 15. The dislocation of the slope deposits was
made as small furrows and mudflows during several years and at different speeds,
mainly in the rainy years or seasons. The landslide debris has passed over the
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abutment wall of the road and has blocked the circulation several times. The
landslide has been reactivated and on the slope part under the level of the road
(near the lake surface). This was done by a successive retreat of the landslide scarp,
which affected the filling material of an man-made terrace near the road and
reached the central part of the carriageway. Starting with 2011 were conducted
important works for repairing the road surface, consolidating the slope by drainage
and ensuring water evacuation and reconstructing the terrace. The prevention
measures and consolidation works prove to be insufficient. In the scarp area from
the upper part of the slope weren’t taken consolidation works using vegetation, the
processes being presently active, while on the slope near the lake area the scarp has
already reached the carriageway (Fig. 11).

Fig. 11. Active landslides in Areal 8 A, Muchia Bubei (upstream and
downstream DN 15)

Area 9 is located on Vârlan brook in the sector where it passes under DN15,
and where the carriageway has been affected in its lower part by subsidence, due to
the high declivities and the regressive erosion. In the area where the river passes
under the road are at the moment conducted consolidation works (Fig. 12).
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Fig. 12. Consolidation works on Vârlan brook

Conclusions
Among the slope areas and DN15 sectors probable of being affected by
landslide reactivations we may mention the Rugineşti township territory on the
overall. Numerous constructions have been built during the last two decades, some
of large dimensions, accompanied by access roads and lacking prevention and
consolidation works. Another areas are those of (DN 15, km 272 and 274 –
camping) and Motel Cristina (DN15, km 280), where the stability of the national
road is influenced by denudation processes.
Knowing the high complexity of the natural and anthropic factors which act
on the left bank of Izvoru Muntelui-Bicaz reservoir, causing an extension of the
surfaces affected by denudation processes, as well as the permanent reactivation on
small areas of landslides, we appreciate that for ensuring, with minimum
investments, the reliability of DN15 is absolutely necessary the interdiction of
heavy traffic (over 13 tons) in the sector between Izvoru Muntelui (Pivniceri) and
Poiana Largului, rules that have been applied two decades ago.
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