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ABSTRACT

Floods continuously affect an impressive number of communities, both on a global scale
and on a regional scale. Studying and understanding this phenomenon through
management decisions can significantly reduce the damage that this kind of phenomenon
can cause on natural communities and territories. Starting from this premise, the European
Parliament implemented on October 23, 2007 the 2007/60 EC Directive, which requires
Member States to create hazard maps and flood risk maps, and on the basis of these maps
to implement the flood risk management plan for each river basin. This Directive provides
that the management plans should be done at the level of basins and sub-basins, but does
not mention the rank to which such a plan should be developed, which may endanger
certain communities located on the course of small rivers. The Baseu river basin is
administratively part of the Prut-Barlad hydrographic area. Although the Prut-Barlad
hydrographic area has a management plan, it was made only for the main rivers, the Baseu
river being excluded. The present study aims to analyze 6 important parameters for
understanding the flood events (depth, velocity, shear stress, arrival time, duration and
recession) and the development of hydrological risk maps.
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INTRODUCTION

Globally, floods cause the greatest damage, both directly and indirectly. Out of the two
categories, direct damage has a major impact on human society, and is due to the actual
destruction caused by floods (destroying dams, damaging or completely destroying roads,
damaging farm crops, buildings, human losses or illnesses etc.). Indirect damages are
caused by the effect of the phenomenon produced on society over time (rising food prices,
interruption of communication channels and economic activities etc.) [1-6].

The occurrence of extreme hydrological phenomena such as floods has intensified in
recent decades, both due to climate change and uncontrolled deforestation at global,
regional and local levels. The increase in number of the catastrophic hydrological events
is also due to accelerated urbanization by building in the major riverbed. In Romania,
floods can occur in all four seasons. In the spring, the floods can occur due to positive
temperatures, fact that leads to the melting of ice and snow, due to heavy and long-lasting
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rainfall, or by combining the two of them, melting ice and snow overlaid with high
rainfall. In summer and fall, floods’ main cause is the heavy rainfall that occurs on a short
period of time. The amount of water exceeds soil retention capacity and, in the absence
of wooden surfaces, can cause the movement of a large amount of parental material by
erosion. In winter, the floods are caused by the sudden melting of snow on the basis of
rising temperatures. The soil retention capacity is low due to frost or can reach a
maximum value, which leads to the generation of flash floods.

Floods are part of the progressive hazards category due to the possibility of human
intervention at the time of production, by taking decisions such as evacuating the areas at
risk of being affected or providing financial support to areas that have already been
affected by the phenomenon. Studying and understanding how this phenomenon manifest
can lead to better water resource management, but also to better manage flood risk by
preventing and mitigating the effects it can have on human communities. In this
regard, the European Parliament adopted in 2007 Directive 2007/60/EC, which stipulates
the realization and implementation of management plans for each river basin in order to
protect and reduce the negative effects on human health and economic activities [7, 8].
The present study aims to provide a methodology and cartographic materials that can lead
to the implementation of flood management plans for river basins that have never had
such plans implemented. The analysis of some parameters such as depth, velocity, shear
stress, arrival time, duration and recession provides an overview of how a flood is
displayed depending on the geographical area, geological, pedological and
geomorphological conditions. Based on these, decisions can be taken more easily to
protect flood risk areas [9-13].

The Baseu hydrographical basin is part of the Prut-Barlad hydrographic area, which is
under the administration of Prut-Barlad Water Basin Administration. The Prut-Barlad
hydrographic area already has a flood management plan, but it only covers the major
rivers that are under its management. The Baseu river basin together with many other
river basins of same size or smaller, are yet to have a management plan. The lack of a
management plan for such important hydrographic arteries at local level affects and will
continue to affect the socio-economic activities of the surrounding area.

In the case of Baseu hydrographic basin, negative hydrological events occurred over time,
but a management plan is still missing. The hydrological events of 1932, 1941, 1955,
1965, 1985, 1969, 2005, 2008 are among the most important events that took place on the
Baseu River. The 1969 flood was the strongest event in its history, with a maximum flow
of 330 m%/s which affected the localities in the surrounding area.

STUDY AREA

Baseu river basin is located in the North-Eastern part of Romania, in the Moldavian Plain
(Figure 1). It has an area of 967 km?, while the length of the river is 118 km. The surface
and the length of the river make this hydrographical artery one of the most important in
the Moldavian Plain. Within the limits of Baseu river basin there are 54 localities with a
total population of approximately 80,000 inhabitants, but only 30 localities are located
near the river. The population of the 30 localities that are located near the river and being
at risk of flood occurrence is about 37,000.

In the lower course of the Baseu river there are 5 localities, 4 of them on the right side of
the river (Stefanesti, Badiuti, Bobulesti, Roméanesti) and only one on the left (Stanca).
The population of the five localities totals about 8,000 inhabitants, of which 27% are part
of the administrative unit of Romanesti, and the rest of 73% of the administrative unit of
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Stefanesti. The length of the analyzed river sector is 14.8 km (12.5% of the total length
of the river), and the area is 58 km? (6.3% of the Baseu river basin). The average slope is
2.7, while the average altitude is 63.5 m on the course of the river. The maximum altitude
in the study area is 165 m, the minimum of 54.4 m. The analyzed sector is framed in the
following geographic coordinates: 47°50" lat. N; 47°42'55" lat. N; 27°8'25" long. E;
27°11'35" long. E.
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Figure 1. Geographical location of the Baseu river lowland

METHODS

Making hydrological risk maps involves knowing the topographic area at a very detailed
level in order to be able to take into account the morphology analysis of the study area.
The need for a detailed Digital Elevation Model (DEM) is imperative. For the present
study, a DEM with a spatial resolution of 1m/pixel (LiDAR) was used, the spatial
resolution giving an overview of all the relief microforms present in the analyzed area.
The analysis based on DEM from the LIDAR dataset was made possible thanks to Prut-
Barlad Water Basin Administration, institution which provided the dataset containing the
DEM’s tiles in .tif format [14].

Thus, to generate the DEM that was introduced into hydrological modeling, it was
necessary to merge the .tif files to generate a compact DEM, after which the buildings
present in the study area were digitized. The need for building digitization derives from
the impact that such structures has on the leakage of water. For each polygon representing
a building, it has been given a 6 m altitude and it was converted to raster format, based
on its height. The final step was to add the new raster to the previously created DEM from
the .tif files (Figure 2).

651



Cartography, Gis & Spatial Planning

IDEM generation l | Hydrau(l)ic model l
o [e]
--------- e m——— |
] Digitizing || Merge if fles | | Impo?‘t DEM |
O
’ Buildings l | LiDAR :m/pixel l l Generaote mesh l
(o] o ¢}
‘Rasterize buiIdingS] ’ Raster Calculator ‘ ‘ Set parameters ‘
(¢} (¢} (]
‘ Feature to raster ‘ ‘ Final DEM ‘ ‘ Run simulation ‘

Figure 2. Methodological workflow for the generation of a DEM based
on LiDAR dataset and a hydraulic model using HEC-RAS software

The HEC-RAS software, v. 5.0.5, 2D water modeling module, was used to achieve the
hydraulic model. The study area was outlined, a mesh of 7930 cells was generated, with
a mean cell surface of 936.5 m?. Manning's n roughness was set to 0.030. A boundary
conditions of an input and an output were needed. Thus, for the input the flow hydrograph
was set as boundary condition, while for the output it was set as normal depth. The
simulation was run as an unsteady flow analysis and as a result there have been generated
the values for depth, velocity, shear stress, arrival time, duration and recession.

RESULTS AND DISCUSSION

By analyzing the cartographic materials, one can see that the morphology plays a very
important role in reaching the maximum flow of a river. Five of six parameters (arrival
time, flood depth, duration, velocity, shear stress), have higher values in the riverbeds
(Baseu and Prut river), in the abandoned meanders areas or where channels were built for
irrigation. Regarding the sixth parameter, recession time, it presents high values (98
hours) across the entire study area, with small areas where the water withdrawal time
drops to 45 hours.

Table 1. Values of the affected surfaces according to the arrival time of the flood

Classes (hrs) 0-8 8-24 24 -38 38-52 52 - 68 68 - 82 82-98
Surface (ha) 495.9 494.8 510.6 643.7 380.5 283.7 287.6
Percent (%) 16.0 16.0 16.5 20.8 12.3 9.2 9.3

Knowing the arrival time of the flood wave is very important for the flood defense plans
because decisions can be made in order to protect the communities (Figure 3a). Also,
knowing the time of withdrawal of the water after the maximum leakage can lead to
making decisions as to when it will be able to penetrate the affected perimeter in order to
assess the damage, rebuild damaged or destroyed objects (Figure 3b).

Table 2. Values of the affected surfaces according to the recession time of the flood

Classes (hrs) 45 -52 51 -85 85 -97 97 -98
Surface (ha) 0.4 1.7 1.5 3093.0
Percent (%) 0.01 0.06 0.05 99.88

Also, the descriptive and statistical situations of each parameter can be extracted
depending on the area it covers. Thus, for the time of arrival of the flood wave, they were
extracted on the basis of the classes. The largest area (643,7 ha) will be covered in a time
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of 38 - 52 hours (Table 1). Over 99% of the flooded area will withdraw its waters in 97-
98 hours (Table 2).
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Figure 3. The arrival time (3a) and recession time (3b) of the flood

The flood depth (Figure 4a) represents the flood volume related to the surface taken in
the analysis and provides information on the thickness of the water layer. Information on
the depth of the water column can be used to organize response actions of authorities and
populations during the hydrological phenomenon, or to achieve structural protection
measures such as dams, transverse or lateral accumulations for prevention and flood
protection. Duration time represents the number of hours in which water depth exceeds
the normal flow rate (Figure 4b).

Table 3. Values of the affected surfaces according to the flood depth

Classes (m) 0-05 05-1 1-15 15-27 2.7-4 4-52 52-6.1
Surface (ha) 1040.2 816.1 722.3 228.1 78.9 164.7 46.4
Percent (%) 33.6 26.4 23.3 7.4 2.5 5.3 15

As for the areas covered by different levels of water, an area of 1040.2 ha is covered by
a depth of 0 to 0.5 m and the highest depths cover an area of 46.4 ha (Table 3). The
duration of 86 to 98 hours covers the largest area, 692.6 ha, representing 22.4% of the
affected area. The small duration, ranging from 0 to 11 hours, covers an area of 188.4 ha
(6.1%) (Table 4).

Table 4. Values of the affected surfaces according to the duration time of the flood

Classes (hrs) 0-11 11-26 26-40 40-54 54-68 68-86 86-98
Surface (ha) 188.4 2511 3214 400.2 659.9 583.1 692.6
Percent (%) 6.1 8.1 104 12.9 213 18.8 22.4

Flood wave propagation velocities are greatly influenced by the roughness of the area.
Knowing the speed of the flood wave can influence future decisions about possible
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landscaping of areas with different roughness values, such as the arrangement of some
(with a high roughness) plantations of trees seeking to reduce the speed of the flood wave.
Also, knowing the speed helps to create a plan to protect areas with very high erosion
potential, thus diminishing the impact that floods have on morphology (Figure 5a). The
last parameter calculated, a very important one, the shear stress is manifested by all kind
of erosion on the topographic surface. These processes have a higher or lower impact on
the land surface, depending on the geological substrate (Figure 5b)
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Figure 4. The flood depth (4a) and the duration time (4b) of the flood

Speeds ranging from 0.2 to 0.4 m/s affect a total area of 1216.4 ha (39.3%) and are
specific to the area between Badiuti and Romanesti localities. The highest speeds (2.7 -
5.1 m/s) affect an area of 1.1 ha (0.04%) and are specific to the confluence area of the
Baseu River with the Prut River (Table 5).

Table 5. Values of the affected surfaces according to the velocity of the flood
Classes (m/s) 0-02 02-04 04-06 06-09 09-16 16-27 27-51
Surface (ha) 892.4 1216.4 649.1 269.2 62.3 6.2 11
Percent (%0) 28.8 39.3 21.0 8.7 2.0 0.2 0.04

Potential erosion with values ranging from 0 - 0.01 kg/m? affects an area of 1684.2 ha
(54.4%) and is specific to flat areas. The highest values, 0.24 - 0.5 kg/m2 kg/m?, affect
an area of 3.9 ha (0.1%) and are specific to the areas where the drainage channel narrows
down (Table 6).

Table 6. Values of the affected surfaces according to the shear stress of the flood

Classes (kg/m?) 0 0.01 0.02 0.05 0.08 0.15 0.24

0.01 0.02 0.05 0.09 0.15 0.24 0.5
Surface (ha) 16842 926.1 337.1 97.4 35.9 12.2 3.9
Percent (%) 54.4 29.9 10.9 3.1 1.2 0.4 0.1
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CONCLUSIONS

This study sought to analyze 6 important flood parameters and thus the flood itself. The
study area is represented by the Baseu river basin, case study on the Baseu river lowland,
the common floodplain of the Baseu and Prut rivers. Based on a Im/pixel spatial
resolution DEM and the HEC-RAS hydraulic modeling software, parameters such as
depth, velocity, shear stress, arrival time, duration and recession were analyzed. The
analysis was carried out for a surface of 58 km?, representing 6.3% of the entire area of
the hydrographic basin. The results show that the same methodology can be applied to
small, medium or large river basins, and the results obtained can be integrated into the
flood risk management plans.
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