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1. Motivation, aim and importance of the
study

In 2004 when work began, "Transylvania Highway" was considered the largest infrastructure project
in Europe. The project involves the construction of 415 km of highway of 26 meters wide with four
lanes platform. Together with the highway it was planned the construction of about 900 km of access
road. Consequently the volume of excavation was etimated at over 90 million m®, while the volume
of enrochament was estimated to over 50 million m® (see for example, www.cnadnr.ro). The
relocation of this soil volume was designed to be based on a strict schedule to avoid the soil erosion
and silt mobility. However, to an itinerant analysis along the highway one can see several areals
characterized by acute geomorphologic instability.

Geomorphological hazard expressed near infrastructure may induce risks. This hazard has a great
probability of occurrence in the areals characterized by geomorphologic instability, fragility
manifested by the geomorphologic processes which could be (or not) anthropogenically induced
(Panizza, 1996). In the context described above, the geomorphologic hazard is represented by erosive
and denudational processes manifested in the riverbed and slopes. The numerical analyze of these

processes represent a kernel for the study of the post-construction impact.

The aim of this thesis is to evaluate the impact induced by the construction of a road from the
perspective of the geomorphologic approach. This objective involves the identification of a
methodology able to provide responses on very subtle forms of manifestation into the geomorphologic

processes.

The first specific objective of the present work is to assess the natural conditions of the studied
environment by analyzing the geomorphologic pre-existing natural factors in which the anthropogenic

activity is done.

The second of our objectives is to analyze the alluvial mobility into a basin affected by the highway
construction. The approach of this objective was done by using the conventional methodology of
physical geography (Ichim et al., 1996) (Radoane & Radoane, 2007). To identify the spatial and
temporal distribution of these target processes we used numerical models and simulations of the
geomorphologic environment (Kirkby, 1980) (Coulthard, 2001) (Coulthard et al., 2007) (Hancock et
al., 2010).

The third specific objective is to analyze the geomorphological processes that occur on the slope
system affected by the engineering works on the highway. This objective involves both geotechnical

and geophysical approaches (Béncila et al., 1980) (Surdeanu, 1998) (Jol, 2009). The erosion processes



were discussed by means of mathematical modeling and technology of the geographic systems
(Wischemeier & Smith, 1978) (Renard et al., 1994) (Cristescu, 1978) (ESRI, 2010).

"A highway is forever. It is a legacy ", says Mix M., Director of Projects at Bechtel Company (Doan,
2007). Accepting this as a premise of this study, we would consider to assess the impact of this

"inheritance" on the geomorphologic environment, and implicitly on the community development.

2. The history of applied geomorphology in
Romania

To identify the distribution on areas of economic development, the history of applied geomorphology
in Romania was divided into parts based on socio-economic activities related to geomorphologic
issues. The periodization corresponds to different stages of contemporary epoch in the history of the

national economy.

It begins with the foundation of the Institute of Geography of the Romanian Academy with branches
in lasi and Cluj-Napoca. Geomorphological researches are classified in several main directions:
rational organization of agriculture, documentation necessary to engineering and construction
(hydraulic structures in Bistrita, the lron Gates, studies for new communication routes, etc.), the
mapping of new reserves of raw materials, the erosion control and the study of the landscape as a
tourism object. In 1990 was launched the Association of Geomorphologists in Romania, aiming,
among others, to emancipate the geomorphology as an applied science in the economic environment.
Besides the above-mentioned topics of study, in this period comes a new trend, respectively the study
of geomorphological hazard and risks processes. The decade of the 90 was declared “The International
Decade of Natural Disaster” (Radoane & Radoane, 2004). Geomorphology becomes an applied
science officially recognized by international decision-making bodies and now it represents an

integrated science that generates responses according to social requirements (Grecu, 2009).

2.2. Applied geomorphology into urbanism and regional
planning

The applied geomorphology assertion in this context began with the systematic expansion of urban
areas in Romania. In this context, between 1950 and 1970 were undertaken a series of studies
coordinated by the Institute of Geography. Also, during this period appear the first works where is

stated the torque of terms "applied geomorphology" (Martiniuc & Bacauanu, 1963).



In addition, mapping becomes the most productive method of geomorphological studies (Posea &
Smith, 1967) (Gregory, 1972) (Martiniuc & Harjoaba, 1975). The landscape suitability for urban
expansion and the exploitation of morphology resources was studied by in the framework of the
potential socio-economic development (Mac & Rapeanu, 1995) (Mac et al., 1995) (Mac & Sweet,
1997). R. Petrea analyzed the geomorphological characteristics that contribute to regional
development of small towns in Western Hills (Petrea, 1998). In the same vein, we mention the
regional geomorphological studies undertaken in the Hategului Country (Gotiu & Surdeanu, 2002) or
in Cluj County (Surdeanu et al., 2006) (Surdeanu et al., 2006), which attempted to decipher the trigger
causes of the geomorphological processes and also their spatial distribution.

2.3. Geomorphology applied in agriculture and land
Improvements

Different studies for land improvement done in terms of geomorphology refer to a number of causes
and solutions regarding the soil erosion and torrentiality, the alluvial dynamics in the
geomorphological systems, the flood control and the riverbed processes. The role of applied
geomorphology also stated in irrigation and drainage works or in studies on slope stability. If we
invoke the interdisciplinary character of the applied geomorphology, we can mention many works
whose authors were not geomorphologists into the strict sense. Thus M. Motoc studied the process of
soil erosion on agricultural land proposing solutions to control it (Motoc, 1963) (Motoc et al., 1975).
Munteanu has done works on torrential planning and on the role of trees in the anti-erosive processes
(Munteanu, 1953) (Munteanu et al., 1970). Baliou V. proposes solutions against the development of
the erosive processes after studying different arrangements of the agricultural land (Baloiu, 1965)
(Baloiu & lonescu, 1986). C. Arghiriade does research on plant protection capability against land
degradation (Arghiriade, 1968). Ouatu C. and lonita I. bring their contributions to the knowledge of
some processes including the land degradation. Here we may note the study of soil erosion in Tutova
hills (lonita & Ouatu, 1985). Studies on the ravines development and distribution were made by
Réddoane M., Radoane N., Ichim I. and V. Surdeanu, trying to identificate the regionalization
morphology and the dynamics of ravines bodies (Radoane et al., 1988) (Radoane et al., 1995). Later,
the authors proposed several mathematical methods for the analysis of these processes (Radoane et al.,
1994) (Radoane et al., 1997). Denudational processes were studied by Surdeanu V. His works were
collected into a comprehensive collection of methods and case studies (Surdeanu, 1990) (Surdeanu,
1992) (Surdeanu, 1997) (Surdeanu, 1998). In 1999 appears the book Ravines, which represent a
detailed display of specific research methods with examples through case studies (Radoane et al.,
1999). In 2000 in lasi appears a work of applied geomorphology under the direction of I. lonita

representing a handbook on land degradation into hilly area (lonita, 2000). Also in 2000 another work



appears under the same author on the gulling of Barlad Plateau (lonita, 2000). The human impact on

the land use was studied by Oncu M. and St. Bilasco.

2.4. Geomorphology applied in hydrology and hydrotechnical
improvements

In 1950 Romania adopted a national plan to increase the electrical power capacity by exploiting the
hydroenergy. Thus into this period began the construction work on the Bicaz dam. In 1959 started the
integrated management on water hydrographic basins. Romania was among the first countries in the
world where water management was done on the river basin as a natural unit (Oprisan et al., 2011).
After putting into service the dams built on rivers, the geomorphological interest in Romania turned to
the impact of the riverbed and slopes dynamics upstream or downstream the dam. In this sense were
undertaken studies on the dynamics of the landscape affected by dams (Radoane, 1983) (Ichim &
Ridoane, 1986). In this period also appeared several studies on clogging lakes (Rosca et al., 1980). V.
Surdeanu studied the stability of slopes and landslides role into clogging reservoirs (Surdeanu, 1986).
Studies on human impact on riverbed evolution have done (Petre et al., 2006) (Radoane & Radoane,
2005) (Radoane et al., 2008).

2.5. Geomorphology applied to study the risks and hazard
processes

Study of the geomorphological hazards and risks is a dominant trend in applied geomorphology today.
The hazard analysis and mapping the geomorphological risk areas yet been appeared during the
assertion of applied geomorphology as a science. In 1978 Cotet P. launched a new map with great
importance in the studies of geography, respectively the Map of Risks (Cotet, 1978). In 1985 Surdeanu
V. presented a method of mapping the landslide risk by using the tracking of such sites (Surdeanu,
1985).

2.6. Geomorphology applied in transport and communication
ways

Within the urban expansion period of 1960-1970 the romanian geomorphologists become interested on
the issue of the relationship between landscape and communication routes. In 1966 all working groups
were united under The Engineering Institute of Auto, Naval and Air Transport (IPTANA) and

reviewed the design of road, water and air.
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3. Methodology and techniques applied in
the thesis

3.1. Introduction

The applied geomorphology is an aggregate of methods and techniques used to implement the specific
solutions, especially in resource management, hazard reduction (Gouda, 2001), spatial planning and
environmental engineering (Brunsden, 2002).

3.2. Cartographic method on terrain and laboratory

The technique used in this case was an iterative one, respectively monitoring the mass movement

processes that may affect the highway construction. Monitoring was done at a fixed time step.

Firstly, we registered one representative case of mass movement processes, interesting due to volume,

area and location.

The next phase of the methodology was mapping the area affected by the landslide. The mapping was
done at a scale that allows the recording of all morphological forms and elements. A topographic
survey was used for a strict localization of elements in the landslide. The technique of geolocation
allows the identification of the precise topographic and morphometric characteristics of these elements
in a system of coordinates established by the operator. Among the morphological elements, we
included the line separation, sliding body perimeter, basins perimeter and human artifacts (high
voltage poles, constructed prism of highway). Differential GPS measurements were used to determine
the absolute quotas by linking the measurements to the national references grid points. The used
technical steps are those described by (Schofield & Breach, 2007). Topographic measurements of
morphometric variables were applied as is described in (Surdeanu, 1998, Chrzanowski et al., 1986).
The method is well adapted to the dynamic conditions of the landslide. To calculate the three-
dimensional model of the landslide body we raised points throughout the affected area, aiming the

morphological elements: monticuli, depressions, cracks, torrents.

3.3. Statistical analysis of time series

The investigation of natural phenomena cannot be done without analyzing specific sets of parameters
that defines the phenomenon. This includes time series (as are rainfall data) or spatial data sets. Often

the data collection involves involuntary errors or noises due to equipment with which data collection is
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carried out. In mathematical terms this are called noises or trends and should be removed from the data
series. The method of analysis used in the present work to investigate the series is Detrended
Fluctuation Analysis (DFA) (Peng et al., 1994). In addition, we used statistical investigation done by
traditional methods commonly used in geography (Ichim et al., 1996).

3.4. Granulometric analysis of fluvial deposits

The particle distribution on riverbed deposits was performed according to the techniques presented in
international and national literature. Samples were collected using the volumetric method (Mosley &
Tindle, 1985). Samples were processed in the laboratory and the data were statistically analyzed. Since
this study requires only the spatial distribution of sediment classes of grain size within the river basin,
the analysis focused on the percentage distribution of such classes ® on Wentworth scale (Wentworth,
1922). Samples were dried in an oven at a temperature of 105 ° for 24 hours, according to STAS 1913-
1-82 (Manea et al., 2003). Sieving was done initially with a set of screens for classes ®: -4 to -3, and
ulteriorly with a battery of sieves and equipment to achieve vibrant sifting for class fractions ® -2, -1,
0,1,2,3,4,5,6.

3.5. Stratigraphic and geotechnical analysis of diluvial
deposits

We used the natural ground openings from withit and outside of the studied perimeter. From these
outcrops we registered the lithological succession of layers, the thickness of lithostratigraphic units
and the absolute location where they outcrop. In addition, in the sliding body was carried a borehole
by using a hand drill for soil and substrate sampling. The aim of these two methods is the
characterization of the horizons from the diluvial deposit and the detection of a possible layer with a
maximum of saturation. The method is required to calibrate and validate the Ground Penetrating Radar
variables (GPR).

3.5.1. The stratigraphic column

The outcrop is located at about the same altitude as the rate of detachment slip. The natural opening is
dihedral and is located inside the shaped body with a tilt of the torrential channel of about 50 degrees.
In the outcrop, it was observed the inclination of strata from east to west, according to the general
inclination and direction of the whole slope. Layers with a thickness not exceeding 20-30 cm were

considered as intercalations in the bedrock. Altimetric measurements were performed by using total
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station laser beam. The topographic measurements determined the absolute location where appear

packets of fine sand, marl and sandstone and the relative thickness of these layers.

3.5.2. The drilling

Drilling was carried out by using a manual drill kits. For advancement in depth, we used two specially
designed digging for clays and wet sand. These two digs usually extract disturbed lithological samples.
To extract undisturbed samples, we used a hoe with tubular piston, or a piston spout. Undisturbed
samples unbiased and sealed were taken at a depth of 1m.

3.6. Geophysical methods of investigation by electromagnetic
waves

3.6.1. The description of the GPR method

This section also summarized the theoretical basis of measurements with GPR. In the present study we
used a set of antennas with a frequency of 50 MHz. With this frequency and in specific lithological
conditions i.e. without high attenuation layers, one can detect objects hidden at about 0.5 m to a
maximum depth of 20 m. The extreme depth of about 40 m have been reported in literature, but needs
excellent lithological conditions as clean and dry sand, gravel (Smith & Jol, 1995) or sandstone (Jol et

al., 2003). The antennas were positioned in a configuration of “parallel endfire" (Jol & Bristow, 2003).

3.6.2. The application in terrain of GPR method

Firstly we made the environmental evaluation of the area under investigation to verify the feasibility
of this method. Following the analyzes of the landslide morphology, we determined the topological
profiles subjected to the geophysical investigations. Within the analysis process we taken into account
the localization of high voltage lines that are an important generator of electromagnetic noise. To

detect the sliding surfaces and piezometric levels we proposed four profiles lines, each of 600 m.

3.7. The numerical modeling of terrain

The numerical modeling of terrain is required for a qualitative and quantitative description of the
landforms. The analysis is done in the light of the terrain static equilibrium by using a series of
geomorphometric indices (slope, hypsometric, exhibition and fragmentation) and on dynamic balance

by using statistical and geostatistical analysis of the three-dimensional space under the influence of
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temporal rate. The numerical model of terrain was calculated by using GIS technology on platform
developed by ESRI ArcGIS (ESRI, 2010). Elevation data we used to calculate the isohypses of
topographical plans.

3.8. The landscape evolution model

In this chapter, we have presented the main reasons related to the objectives of the study that led to
choose the CAESAR model, as described by the code developer (Coulthard, 2001).

The investigated area

CAESAR model development is based on studies acquired in the temperate zone. The river basins
under investigation are included in the small and medium size classes. The model is suitable for

simulations on simple meandering riverbeds.
Geomorphological process representation

The model simulates the riverbed and slopes processes to an accuracy that involves the deposit
granulometry and the stratigraphy of the sediment. It also models the riverbed topography.

Temporal and spatial resolution

CAESAR can model time sequences from a storm or flood (i.e. hours or days) up to 10,000 years,
beyond which the subject remains open to be validated. It also can model riverbed sections of about 1-

4 km up to river basins.

Work interface

CAESAR model has a graphical interface for general use. Cooperate easily with ArcGIS platform that

facilitates the mapping transfer and elevation data for ulterior geographic analysis.

CAESAR is a two-dimensional model that simulates river flows and sediment transport. The
description of the model has been the subject of numerous scientific articles and debates, among which
may be mentioned (Coulthard, 1999), (Coulthard, 2001), (van de Wiel et al., 2007), (Hancock et al.,
2010).

14



4.Technical characteristics of Transylvania
highway

The Transylvania highway project is of major importance into the national economic development.
The project promises more aid for integration the Romanian economy into the European economy,
these economic benefits extending over long periods. It also becomes an important section in the
European highway network and in Romanian road structure. Since 2014 this project was included in
the Trans-European network and could be financed by the TEN-T program.

Highway project includes a 4-lane platform with a projected length of 415 km. It starts in the northeast

of Brasov, at an altitude of 600 m and ends in Plain Crisana, near Oradea at 130m altitude.
For engineering reasons, the project was divided into several sections listed below:
Section 1A, Brasov - Fagaras - 48.81 kilometers

Section 1B, Fagaras - Sighisoara - 53.37 kilometers

Section 1C, Sighisoara - Ogra - 58 km

Section 2A, Ogra - Campia Turzii - 37.19 kilometers

Section 2B, Campia Turzii - Cluj West - 52.55 kilometers

Section 3A, Cluj West - Mihailesti - 25.5 kilometers

Section 3B, Mihailesti - Suplacu de Barcau - 75.48 kilometers

Section 3C, Suplacu de Barcau - Bors - 64.5 kilometers

The highway has an average platform width of 26 m. The carriageways are separated by physical tools
and have a width of 7.5 m each. For connecting the highway with adjacent roads, the engineers have
provided 16 interchanges, 94 bridges and 58 overpasses. For the construction of the infrastructure they

were planned the excavations of a volume of about 90 million cubic meters (http://www.cnadnr.ro/).

In the present work, we have studied the geomorphological processes associated with Section 2B

Campia Turzii - Cluj West. The main reason is that only this sector is fully functional.
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5. Factors that influence the proper
functioning of a road

5.1. The geological factor
5.1.1. Description of geological factor

The area under investigation is located in the western part of the sedimentary basin placed at the
contact between the Apuseni Mountains and Transylvanian Depression. The geological evolution and
the structure of the sedimentary basin directly influence the infrastructure design, i.e. by extending
radially (civilian neighborhoods) or linear (highway). The anthropogenic deposits occur in the studied
territory from two sources. The most important source of sediment is the highway neighborhood
where the excavated material was deposited near the infrastructure platform, thus following the linear
character of the road. The second source is the limestone quarry from the north of the Sandulesti
village. From the geotectonic point of view, Transylvanian Basin sedimentation completed in Pliocene
by forming sedimentary layers during diapire wrinkling stress. The highway route is
cvasiperpendicular across Turda Depression and Campia Turzii anticline-syncline system (Sandulescu,
1984), (Mutihac et al., 2007). Analyzing the map of crustal movements, we can see that this highway
vicinity intersects an area with a spacing activity between -1 and 1 m per year. The linear
infrastructure of the highway also intersects the active crustal fault line known as Transylvania fault,
which is located at the contact between two vertical tectonic microplates with antagonistic dynamics
(Zugravescu et al., 1998). The importance of this tectonic configuration is due especially to its

influence on the river dynamics in this area.
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5.1.2. The importance of the geological factor

Figure 2 The geochronological
distribution of geological structures
(Riileanu & Saulea, 1967) (Codarcea
& Raileanu, 1967)

Figure 3 Extract from the map of
current vertical tectonic movements
(Zugravescu et al., 1998)

From the geotechnical point of view, the geological evolution, and more specifically, the

lithostratigraphic units, put sometimes at severe tests the infrastructure design through their physical

and chemical properties. The upper sedimentary package (2-30m) of the studied area constitutes the

foundation in which is anchored the infrastructure project. The rockfill viaduct pillars and the

foundations transmit the motorway vibrations to the ground layers included in the sedimentary

foundation.

A sustainable construction needs the knowing in detail of the sedimentary package properties.

In this case, the main geomorphological phenomena that affect the highway structure are mass

movements, soil erosion and sediment transport into the slope-riverbed system.
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5.2. The landscape factor

We can see from maps that the highway, in most of its length, across longitudinally the Hasdate -

Vlaha Depression. This depression has a hilly appearance with a hypsometric a gap between 300 and

500 meters. The road junction in Gilau is located on the alluvial terrace in the Somesul Mic - Gilau

Corridor. In the southeast of the Hasdate basin, the route is built over the Culmea Hasdate. By passing

the Aries valley, the highway route across one extremity of the Ludus Hills. The landscape looks

generally hilly with broad valleys and slopes affected by geomorphological processes as mass

movements. In Aries valley the highway has two road junctions built on alluvial terraces with a

generally aspect of lowland (Campia Turzii Depression).
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Figure 5 The geomorphological regionalization (Posea &
Badea, 1984)
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The highway route intersects forms of relief with a morphology closely related to the
lithostratigraphical structure. The morphography of the slopes, interfluves and thalwegs is the result of
the lithology influence in the genesis of relief. An important role is played by the rock strength,

leading to selective erosion and giving specific forms to the relief.

5.2.2. Morphometric characteristics of the landscape

The morphometry of the relief was calculated on the numerical model of the terrain by giving
guantitative information on the relief. By analyzing the hypsometry of the terrain, we observe that the
highway has a route who generally sat on low quotas with an average altitude of 400 meters. These
values are encountered on the lower terraces of the river, in the Campia Turzii - Vlaha - Hasdate
depressions and in the Gilau — Cluj corridor. The highest quotas are found in the interfluves of these
three depressions. The terrain declivity distribution in this area shows a majority of slopes between 3
and 17 degrees. The highway is built in this panel of slopes, an exception being near the Tureni

Gorges, where the slopes are found to be up to 31 degrees.

The terrain declivity directly influences the geomorphological processes way of expressions on slopes.
The class of slopes between 3 and 6 degrees was reported to induce a high frequency of erosion and
proluvio-coluvio-diluvial accumulation. For slopes between 6 and 17 degrees was found to highly

occur other processes, such as landslides (Surdeanu, 1998).

The slope exposure is a factor that influences the retention of humidity in the superficial deposits.
Duration of sun exposure and angle of sunlight incidence affect the evaporation regime and the
duration of snow cover. Soil frost regime is also dictated by the amount of solar heat received by
edaphic layer. The highway intersects the south-facing slopes in the Hasdate basin and mainly the

northern facing in the Fenes basin.
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5.3. The climatological factor

To understand the genesis and spatial variability of the climatic conditions is necessary to make an
integrated geographic analysis. The first physico-geographical aspect to be underlined is the
integration of the investigated area into the macro-unit space as is the Transylvanian Depression. It has
a relatively wet climate (Moldovan et al., 2002). Among the main geographic factors generators of
climate, topography remains a major factor in the spatial distribution of climatic phenomena in
Romania (Moldovan, 1999).

5.3.1. The airflow

In the Transylvanian depression spreads out three types of air masses: polar maritime (60%), tropical
maritime (30%) and continental arctic (10%). The polar maritime air is transported in Transylvanian
depression by the subpolar and North Atlantic anticyclones, through the Somes Valley, while the
tropical maritime air is brought through the Mures corridor by the Mediterranean cyclones (Holobaca,
2010).

5.3.2. The air temperature

From the thermal point of view the investigated territory is crossed by 8°C isotherms in the east and
the 4°C in the West. The isotherms of January are —3°C and —4°C while for July, the warmest month,
the isotherms are 14°C and 18°C. The amplitude of the annual average ranges between the 21°C and

22°C isotherms (Bogdan & Frumuselu, 2002). An important role in thermal regime is held by the
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period of freezing. Thus for this area, the freezing duration is between 120 and 150 days. In addition,
the temperature of the soil has an average of 23 °C to -5 °C in July and respectively in January
(Croitoru, 2007) (Badea et al., 1983).

5.3.3. Precipitations

The precipitation values are specific to the Transylvanian Basin, placed in the western part of the
contact between the Apuseni Mountains and Transylvanian Plain. The multiannual average amount of
precipitation ranges at about 600 mm (Belozerov, 1972). CAESAR model requires as input data a
time series of rainfall at a time step of one hour. There is no availability of hourly rainfall data for the
Hasdate Basin, so we used a method described in literature and widely applied in the modeling of
some natural phenomena (Schaefer & Baker, 2002) (Pierini & Telesca, 2010) (Cheval et al., 2011)
(Yang et al., 2010) (Parajka et al., 2005). In order to analyze the precipitation typology, we
investigated the total monthly precipitation data for a period of 30 years, between 1971 and 2000 from
the pluviometric stations in Turda, Cluj-Napoca and Baisoara. The rainfall data series for Petrestii de
Jos were available on only two years, between January 2007 and December 2008. The reason why
these data were also taken into account is that their analysis allows the calibration of the median data
for the whole Hasdate basin. Farcas |. also studied the correlation between the data from stations in
Cluj-Napoca and Turda to extend the monthly data and the annual average rainfall in order to compare
them with those of the 1896-1955 period, finding that from climatologically point of view there are no
large differences.
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The time series required by the CAESAR program was obtained for a period of 17 years from actual
data measured in Cluj-Napoca and Turda, calibrated to the amount of precipitation from Petrestii de

Jos and Baisoara.

5.3.4. Hourly precipitation series

For a realistic simulation is required a realistic set of input data. Input data for precipitation should be
sufficient (to cover several years from a climate perspective) and have to describe as possible correctly
in statistical terms the entire investigated area. The processing of the precipitation data to achieve the
right format needed for running CAESAR program was performed by using a simple code, created by
us in the C language. We obtained a data set of 150,000 with zero slope, based on characteristics of the
actual rainfall measured in the four meteorological stations considered for this area.

5.3.5. Climatic issues with importance in the occurrence of

geomorphological processes

Liquid precipitations are primarily important both in terms of quantity and in the temporal distribution.
A classification of territorial vulnerability in Transylvanian Depression by analyzing the torrential rain
intensity shows that the highway across a region with low vulnerability class. Evapotranspiration is
another derivative element from the climate system, representing the sum of the amounts of water
evaporated from the soil and exuded by plants within an areal. According to the studies made by
Sandu ., the spatial distribution of average annual evapotranspiration in the highway vicinity is ranked
within 500-650 mm (Sandu et al., 2008). Rainfall erosion is a common parameter in soil erosion
studies. This parameter best describes the climate aggressiveness regionally manifested by the silt
mobility in a river basin. To estimate the erosion in the area of interest we used the method proposed
by Diodato N (Diodato, 2005). The analysis of hourly rainfall values for 2010 from the highway

neighboring allowed to calculate the value for 2010 to 51,6 MJ mm ha=1h™1.

5.4. The hydrological factor

The highway route is divided between two major basins units, respectively the Mures River and the
Somes River basin. In order to strengthen the note of symmetry we may note that two of the road
junctions of highway are built in the depressionary corridors of the two rivers, Aries and Somesul Mic

respectively.
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Figure 12 The spatial extension area in Mures and Somes  Figure 13 The spatial extension in Hasdate and Fenes
basins. river basins.

The highway longitudinally across the two river basins. Fenes basin has an area of 105 km® and a
length of 29 km. Fenes River is affluent of River Somesul Mic, the point of confluence being
downstream the junction of the highway with the Somes Mic riverbed. Hasdate basin has an area of
215 km? and a length of 31 km. Hasdate River is affluent of Aries River on the confluence point

located upstream of the intersection of the highway with the Aries riverbed.

5.5. The biopedologic factor

In this chapter we presented the main characteristics of soils encountered in the area adjacent to the
highway.
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6.The analysis of the highway influence on
the geomorphological river system
dynamics by using numerical simulation.

Hasdate basin case study

The first phase of the study was to simulate the landscape development under predetermined

conditions by using the numerical model of terrain without highway. The second phase was the

simulation of the relief evolution under the same conditions but with the physical parameters of the

motorway implemented in the numerical model of terrain. During this phase we introduced into the

system the leakage flows coming from the highway road surface, collected by drains and discharged
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into the river valley on the left side of Hasdate basin. We identified six points of collecting debts
which were raised topographically to be implemented in the CAESAR model. These debts represent
the amount of precipitation collected on the highway and discharged into the river system. The data
input for CAESAR model is a time series with the time step identical to that of rainfall.

6.1. Parameters and algorithms involved in CAESAR model

6.1.1. Topography and the numerical model of terrain

The numerical model of terrain is the topographic basis on which CAESAR model simulates the slope
and riverbed processes. Topographic surface representation can be done in four basic modes: grid,
profiles, izohipses and triangular irregular network (Carter, 1988). For this study, we used a model of
terrain formed by regular rectangular grid of cells, with a resolution of 25 meters. This resolution is a
compromise between the minimum size of a cell and the processing time of CAESAR model. We used
a topographic model with the best accuracy of the elevation values. To produce the numerical model
of terrain used in this study we scanned, geo-referenced and digitized the topographical plans printed
at 1:5000 scale. From these plans we extracted the isohipses, the elevation values and the
hydrographic network. The topographic surface was calculated by using the ArcGIS platform with the
Topo to Raster method (ESRI, 2010). The topography was examined for accuracy by using the
corresponding geodetic points from ANCPI (National Agency for Cadastre and Real Estate Publicity)
and the quotas calculated by the RTK GPS method (Real-Time Kinematic).

6.1.2. The numerical model of terrain with the highway infrastructure

We used the CAD and GIS technologies for doing the three-dimensional representation of cut and fill
construction type on the sector of highway that crosses the Hasdate basin. Topographic surveys were
made on the whole highway section with a differential GPS RTK system. The elevation points were
processed to build a three-dimensional model by triangulation. We used a two-dimensional line to
break the slope at the level of the highway-running surface. The numerical model of terrain was
exported to a grid network for GIS processing. With the help of GIS technology we made the initial
correction of the numerical model without highway by using the mosaic process, resulting in a

numerical model of terrain with the highway infrastructure represented by the elevation values.
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terrain for the Hasdate basin

6.1.3. The numerical model of the bedrock

The CAESAR model requires a numerical model of bedrock that acts as substrate limit for all
geomorphological processes thus the soil erosion cannot pass this depth. This model was created as the
difference between the initial surface of the terrain model and one with an elevation established by the
operator. The rough substrate elevation that would slow or even stop the soil erosion was determined
during field campaigns. For the terrain model with the highway we furthermore considered as bedrock

the highway infrastructure because the perimeter of highway is not subjected to erosion.

6.1.4. Distribution of granulometric fractions in the river basin

Taking into account that the sampling points were few, was necessary to redistribute the granulometric
fractions on the basin surface. The active layer where erosion is initiated has initially a uniform
particle size, setted by the operator following the laboratory measurements. For a redistribution of
factions in a manner close to a natural one, CAESAR model made a running until a pavement layer
was obtained and the sedimentograph was balanced. This new spatial distribution of granulometric

deposits is used further as input data in the model.
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6.1.5. The regression rate of the flood hydrograph

Parameter m as an input parameter for the model represents the regression rate of a flood peak in the
basin. Its calculation could be completed in two ways. The first and most reliable is the analysis of
data from a flood hydrograph of the basin. For basins that have no hydrometric stations, the

calculation is done by using the topographic index of the river basin.

Within this study, we used the values registered at the flood from Petrestii de Jos on 22.06.2010.
Fitting the cumulative distribution of these values with a hyperbolic function led to obtaining the value

for the parameter m, which in this case was 0.014.
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Figure 20 The regression rate of values given by the hydrograph for the 22.06.2010 flood in Hasdate basin.

6.1.6. The algorithm for calculating the flow

The algorithm used in this model to calculate the quantity of water and sediment in the riverbed or on
the surface is well described in the literature (van de Wiel et al., 2007), (Coulthard et al., 2007),

therefore we pointed out here only general aspects.

77

1 March 2010 2 March 2010 10 March 2010
15 March 2010 30 March 2010 15 June 2010

Figure 21 Sequences in the simulation of the landscape evolution in Hasdate basin.
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6.2. Results obtained from simulation

The results of the CAESAR model simulation consists of the time series at a predetermined time step
of 24 hours. From the resulting parameters of the simulation, we chose for analysis the debits of

sediment mobilized in the basin.
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Figure 22 The values for the sediment flow calculated on ~ Figure 23 The values for the sediment flow calculated on
Hasdate basin (no highway) Hasdate basin (with highway)

Differences between the two simulations show that the acceleration and attenuation of the sediment
transport within the river basin is not based on quantitative variation in precipitation on the basin.
Differences arise due to changes at the level of topographical surface variation and on liquid flow
redistribution on the left side of the Hasdate valley.
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The distribution maps indicate the areas with erosive processes and the reorganization of these
processes on the left side of the Hasdate valley, near the highway infrastructure. From the pictures we
can see details on the distribution of the storage areas which act as sources of sediment. One can
notice a clogging perimeter near the highway infrastructure, which is identified in terrain by clogging

the protection gutters of the highway.
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7.Analysis of the highway influence on the
dynamic geomorphological slope system.

Mass movement processes in the Hasdate

basin

The highway route across a territory which in terms of lithology is characterized by poorly
consolidated rocks, that are plastically deformable, slide and flows on slopes. The active manifestation
of the diluvial processes is relatively low. Most landslides on the highway related area are translational

and superficial. Among the most important causes of releasing the landslide are the vibrations that
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occur during excavation of the yard in vicinity of the road. However, during the investigations

performed in terrain we identified a landslide that has become a particular subject in this thesis.

7.1. The landslide from Craesti

7.1.1. Site location and description

The landslide is located in the northwest of the Craesti village on the left side of the Hasdate valley.
The distance between the landslide forehead and the land requirement of the highway is about 5 m.
According to the study of the diluvial deposit, in the lithologic composition are present clays, sands
and sandstone concretions. In the vicinity of the sliding body we identified natural openings in the
torrential bodies. Into this openings, where first occurres layers of sandstones and sands, we raised
topographic quotas. Following these quotas we concluded that the layers of sandstones and sands are
monoclinic, in accordance with the slope inclination. Furthermore, it was established that they are
located at a depth of 3-4 meters from the ground. By using specific methods we have outlined the

landslide mapping.
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7.1.2. The physico-mechanical description of the diluvial deposits

Manifestations and dynamics of the landslide system largely depend on the physical properties of the
substrate. They tend to change with the entry of the system into a dynamic phase. The knowledge of
these variables contributes significantly to the accuracy of the results in the analysis of system
dynamics of slopes.

The granulometric fraction is the represented by particle with characteristic size dimension for gravel,
sand, dust and clay:

Table 1 The granulometric fractions STAS (1243-88, 1983).

Gravel 2-70 mm
Sand 0,05-2 mm
Dust 0,005-0,05 mm
Clay < 0,005 mm
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Figure 34 The granulometric histogram and frequency

curve for sample 3
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Figure 35 The granulometric histogram and frequency
curve for all samples

Unevenness coefficient is the ratio between the diameter of the granularity with a weight of 60% of the
composition and the diameter of the granularity with the weight of 10% in the same composition.

Figure 36 The granulometric curve for sample 1

Figure 37 The granulometric curve for sample 2
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Figure 38 The granulometric curve for sample 3
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According to granulometric curves this samples are included in class of soils with the medium
uniformity (5 <U <15). They have the following values:

Table 2 The unevenness coefficient of samples

Sample 1 12,5
Sample 2 8
Sample 3 5,6

The natural humidity represents the wetting share of the diluvial material. To the samples we
calculated the following percentages:

Table 3 The natural humidity percent

Sample 1 36,7 %
Sample 2 35,12 %
Sample 3 32 %

By means of these values we calculated the humidity content. Samples have the following degrees of
saturation:

Table 4 The degree of saturation

Sample 1 0,98
Sample 2 0,94
Sample 3 0,96

We can see that the investigates soil deposit is saturated, with values of S, > 0,9.
The limits of plasticity or the Atterberg plasticity limits are expresses the state of the matrix deposits.
For the analyzed samples we established the following values:

Table 5 The limits of plasticity

Wy Wp
Sample 1 48,39 % 31,69 %
Sample 2 47,97 % 29,07 %
Sample 3 The fraction < 0,5 is not sufficient to perform this analysis

The investigated diluvial deposit is included in the class of silty clays with medium plasticity: :
35% < wy, < 50%. Based on these values we calculated the size of the interval of plasticity.

The plasticity index represents the value of the humidity interval in which the diluvial deposit behaves
like plastic. The ranges of plastic behavior of the samples, calculated by basing on plasticity limits are:

Table 6 The plasticity index

Sample 1 16,70 %
Sample 2 18,90 %

By analyzing the plasticity index, the diluvial deposit falls within the class of silty clays with middle
plasticity 15 % < Ip < 35 %.
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The consistency index represents the actual natural physical state of the clay deposits. Applying the
above formula returned the following values:

Table 7 The consistency index

Sample 1 0,70
Sample 2 0,68

According to this index, the samples fall within the class of consistent plastic materials with 0,51 <
I. < 0,75.

Weight density of the samples skeleton is the ratio between the weight of solid particles and the
volume of the investigated material skeletal. For this case, we used the specific gravity values
recommended by S. Manea, according to which these values do not differ significantly from a soil to
other (Manea et al., 2003).

For gravitational acceleration we used the 10 sz Based on these values we calculated the following
specific densities:

Table 8 Weight volume and density of the skeleton

Ps Vs
Sample 1 2,7 27
Sample 2 2,7 27
Sample 3 2,65 26,5

Volume weight in natural state is the ratio of total sample weight and its volume. The samples have
the following values:

Table 9 Volume weight in natural state

Sample 1 18,33
Sample 2 18,16
Sample 3 18,56

Dry volume weight is the weight of dry sample relative to the total volume of the sample. Dry density
is the ratio of dry sample weight and total volume of the sample. Following the laboratory
measurements we calculated the following volumetric weight:

Table 10 Dry volume weight

Yd
Sample 1 13,41
Sample 2 13,44
Sample 3 14,06

Porosity is the percentage of pores to the total volume. We calculated the following values:
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Table 11 Porosity

n
Sample 1 50
Sample 2 50
Sample 3 46

The colloidal activity index or the Skempton's index of activity, defines the activity of the clay
deposits in relation with water. The granulometric curve analysis returned the following values for
colloidal activity:

Table 12 The colloidal activity index

Sample 1 1,11
Sample 2 1,11
Sample 3 fraction composition of 0,002 mm does not exists

According to these results, the clays from the diluvial deposit are a medium colloidal activity (0,76 <
Ip < 1,25).

7.2. Investigation of the slide plane by using GPR
7.2.1. Setting the values for the used parameters

For the processing of the initial data sent and received by antennas is necessary to set the values for
different lithological conditions. These values are entered into the system before starting the

measurements.

The propagation speed of electromagnetic waves. In this study we used the empirically obtained
values reported in the scientific literature or communicated personally. After the lithological analysis
of drilling, confronted with the reported values, we established the use of a propagation velocity of
0.06 m /ns (Davis & Annan, 1989) (Jol & Bristow, 2003). This speed is characteristic to a clayish

lithology and saturated sand, both of them being found in the investigated area.

The emission interval of the electromagnetic wave. Another default value is the time window. This is
the period of time when the electromagnetic wave is emitted into an impulse and defines the total
length of a trace. A.P. Annan argues that the time must be set so that the depth of penetration to
exceed one third of the expected length of the investigated environment or searched object (Annan,
2001). For the case study presented here, we used a value of 433.3 ns, which is consistent with the

values specified in the literature or used in practice (Annan, 2001) (O. Sass personal communication).
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The interval of sampling. This variable sets the sampling frequency of a trace. In this case we used a

sampling rate of 800 MHz.

The step of metrical measurement. The GPR system configuration and the terrain morphology
imposed the use of equidistant metric step. This step represents the distance between the tracks
recorded on a profile. For this application we used the step of 0.5 m, which is consistent with the two

recommendations above.

7.2.2. Processing and interpretation of data

Editing and filtering

This stage resembles mostly with the processing of the seismic reflection data. A first step in data
processing is to edit or correct the header file. It contains information about the parameters involved in
the measurement, the profile names and other information that helps to organize the GPR data. The
second stage is to process by filtration the data acquired in terrain. The majority of measurements
performed on sedimentary substrate require a basic filtration (Jol & Bristow, 2003). For the processing
stage, we used the ReflexW program (Sandmeier, 1993).

7.2.3. Interpreting the radargrams

After the radargrams interpretation we established that the saturated sand layer maintains an

equidistant level 0 from the ground. This layer is found between 3 and 4 meters.
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Figure 42 Radargram including the area of detachment of the landslide from Criesti
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Figure 43 Interpreting a georadar profile on the landslide from Criesti

By interpolating between the georadar profiles we can consider that the sliding surface of this mass

movement is in accordance with the terrain surface.

7.3. The slope stability analysis

The landslide was analyzed from the perspective of the affected slope stability or safety factor. For
this analysis we performed a study of tensile shear strength of diluvial deposit. Maximum shear
strength is influenced by the possibility of draining water from the diluvial deposit. In the light of this
fact, two types of behavior of the diluvial deposits are known: On short-term, the deposit deforms into
a constant volume without drainage; on the long term, the deposit is drained and its behavior is

dictated by the skeleton of material without the interstitial overpressure of water.

The resistance analysis was done on the straight-line characteristic to the deposit and depending on the
parameters of the tensile shear strength. The characteristic straight-line of the deposit expresses the
shear condition by the Mohr-Coulomb equation. In this case the we carried out an analysis on a long-
term behavior by calculating the effective parameters of tensile shear strength. This method involves
the draining of the sample during laboratory tests and reducing the value of water pressure in pores to

0 (Popa & Farcas, 2004). The analysis conducts to the effective parameters:

Table 13 The effective parameters of the tensile shear strength

internal friction angle () cohesion (c)
Sample 1 13 8
Sample 2 13 8
Sample 3 19 0

The safety factor is the ratio between the forces that cause the movement of the diluvial deposit and

the resistance forces that stand against the movement (Surdeanu, 1998).
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Gravity is the main force that tends to reduce the horizontal morphology of terrain. Against it are
opposed the cohesion and friction forces. The stability of a slope depends greatly on the state of
equilibrium between the two parties (De Blasio, 2011).

Thus,

The resistive forces
=

The driving forces
F;> 1 means that the system is stable and F;< 1 means that the system is unstable.
The factors that influence the value of the safety factor differ in their nature:

Type of rock involved in the geomorphological process

The stratigraphy of the diluvial deposit

The weight distribution within the landslide deposits

The infiltration rate of water into the lithological structure

Vegetation and land use on the sliding body

The influence of the impulsive forces outside the system that disturbs the slope equilibrium

The safety factor was calculated by using the (Milligan et al., 2005) method:

_tge[ _vw (1+1g%B)
° tgB y (1 + tgatgB)

here:

F; is the safety factor

y is the volumetric weight of the deposits
Yw 1S the volumetric weigth of water

tgB is the slope of the diluvial deposit

tga is the slope of the hydrostatic level

Within this study we have considered that a= 3 so the safety factor formula became:

FS — tg_(p [1 _ Y_W]
tgp Y

To calculate the safety factor value we took into account the results from the morphometrical and

geotechnical analysis: the internal friction angle was ¢ = 15; the angle formed by the diluvial deposit

arrangement and the horizontal line was (= 6; the volumetric weight of water is y,= 9,8; the

volumetric weight of the deposits was y = 18,35.

The study established thatF; = 1,27 resulting in a stable condition. From the above assessment it can be

seen that the value of the safety factor does not depend on the depth of the slip plane and the condition

of stability is preserved as long as B <¢.
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7.4. The geomorphology of the landslide

The Craesti landslide system was measured in terrain by topographic and geophysical variables,
through the slip was detailed geomorphologically mapped and analyzed in the laboratory.

Morphometric variables measured in the terrain are:

e The maximum length measured from the cornice to the top of the landslide separation is 871
m

e The maximum width measured at the widest area of the sliding body is 254 m.

e The thickness of the landslide was determined after geotechnical and geophysical
measurements at an average of 3.5 m.

e The sliding perimeter is 2020 m

e Landslide surface is 183 582 m*.

e The volume was calculated according to the relation of Surdeanu V. (Surdeanu, 1998) and has
a value of 774 319 m,

The morphological analysis established that the landslide has manifested in two sequences.

The first sequence has an anthropogenic causation. During the construction works to the highway
raises the base of local hydrographic network by storing the waste dumps of soil in the riverbed.
Ensuring the drainage was made by inadequate drainage pipe thus at the first heavy rainfall it was
interrupted. It was followed by a period when the ground surface upstream of the highway

infrastructure has turned into a swamp, the groundwater in the area making swamps.

In spring-summer season heavy rainfall occurred in Hasdate basin and the over wetted diluvial deposit
exceeded the steady state and turned into a mudflow that pushed into the protection with stepped
gabions furnished on the riverbed. This process has completely barred the highway drainage

infrastructure arranged underneath.

The second sequence took place following the undermining of the left side base of the stream.
Mudflows allowed the transport of diluvial sediments into the riverbed. The state of slope stability was
affected by entering into a phase of translational slide. The diluvial deposit slip occurred on a

relatively short distance up to 5 m and the cornice of detachment slide has an average height of 2 m.

At the time of the measurements the deposit was in an meta-equilibrium, established through
sequential topographic measurements. The disorganized poor drainage on slopes may further impose

new conditions thus adjusting the system structure and the equilibrium safety factor.
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8. General conclusions

The present thesis is intended to be a study of applied geomorphology to analyze the impact of road
infrastructure on the dynamic geomorphological systems. We presented two case studies for slope and
riverbed processes, representative in the investigated area.

Initiation of detailed geomorphological studies were made after a review of the physical factors that
affect local the proper functioning of the highway. The land classification systems revealed
geographical area with factors of high impact on geomorphological processes generated even

anthropogenically or natural.

The geological background of the area imposes, by the physical properties of rocks, conditions to the
manifestations of the geomorphological phenomena. It was shown that tilting the degree of orientation
of strata or compaction of layers within the stratigraphic packages drastically affects the slope
stability. The grain size of the diluvial deposits and their spatial distribution influence the structure and

dynamics of the groundwater in these deposits.

The geomorphological and geographical regionalization analysis highlights the conditioning in the

system of slope — riverbed by the hypsometric gap and gradient.

The hydrographic network is an important factor in the dynamics of alluvial material displaced by

erosion processes.

The climatic factor proved to be the "engine" of the geomorphological processes on slopes. The
rainfall directly affects the geomorphological phenomena by amplitude and intensity.

We showed that in this area the biopedologic factor is closely related to human factor. Man influences
the evolution of edaphic layer by controlling vegetation and land use. The soil is of great importance

in the dynamic of the geomorphological system, in particular in terms of physicochemical properties.

The methodology employed in conducting the case studies presented above is a collection of
techniques and methods with issues of originality for the applied geomorphology studies in Romania.
We used numerical modeling and computational simulation to study the fluvial processes and soil
erosion. Numerical and mathematical modeling was used to investigate the altimetric data, series of
precipitation, geotechnical and geophysical data. GIS technology enables the spatial distribution
representation of the areas under investigation. It should be noted that most of the data used in the

statistical and mathematical models were collected during terrain campaigns.

The effect of the highway infrastructure in the geomorphological dynamic in Hasdate basin was

simulated by means of CAESAR model. This model provides data that characterize the influence of
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environmental changes, showing that during a year may appear changes in the river basin, still too

subtle for being measured locally.

The slope processes were studied for a landslide, considered representative for the highway area of

influence. The morphometric variables were analyzed to characterize the slide system and slope

stability. We discussed the anthropogenic influence on geomorphological versant system.

Among the aspects of originality we can emphasize:

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

The using of CAESAR landscape evolution model to simulate the impact induced by the road
infrastructure projects in the river basin
The investigation of the structural architecture of diluvial deposits by means of GPR technique

for the first time in applied geomorphology studies in Romania.
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