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ABSTRACT. The study area is located in the northeastern part of the Moldavian Plain
and is geologically part of the Eastern European Platform. The Moldavian Plain, from a
hydrological point of view, is characterized by a well-represented hydrographic network,
but with small and medium flows and a significant number of aquatic accumulations. The
storage areas in the Moldavian Plain play a triple role: either they are used for fish or
farming purposes, or they are used as efficient flood management structures. In the last
decades, the number of these storage areas has seen a dynamic in terms of losing water by
clogging and drainage, but also gaining in surface by rehabilitating them. The loss of
lenticular water surfaces induces a number of negative effects in terms of the economic
structure of neighboring human settlements. From a hydrological point of view, the lack
of such areas can lead to devastating effects when floods occur in an area characterized by
low rainfall but unevenly distributed and aggressive. This article aims at supporting the
importance of achieving and maintaining the storage area functionality in the Volovat
River basin by simulating two situations in order to regenerate the dam in the Nichiteni
area. For the analysis of these two situations, the hydrological modeling program, HEC-
RAS v. 5.0.5 and ArcGIS v. 10.2.2 will be used. A first modeling process is to simulate a
constant flow under the current conditions of the lack of a dam in the Nichiteni area to
highlight the loss of water volume that would hypothetically be stored in the long run and
accessible to various economic activities. The second model is the reconstruction of the
dam in the same settlement accompanied by the simulation of the lake's retention capacity
in the event of a flood.
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1. INTRODUCTION

The importance of dams and implicitly the generation of aquatic accumulation
upstream to the dams has been observed since antiquity when such structures were
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built for the use of the water resource in domestic or agrarian activities. Gradually,
other possibilities for using dams and aquatic accumulations have been identified.

They can have both agricultural purposes (use of water for irrigation,
zootechnics, etc.) (Mettetal, 2018), or they may have a tourism purpose (recreation
areas) (Nezirovi¢, 2016), or they can have an industrial purpose (fish farming,
hydropower, water supply) (Hecht et al., 2019) or can be used to regulate minor
river beds in order to diminish the negative effects when a flood event can have a
devastating impact on human society.

There are about 45,000 large dams (over 15 m in height) and over 800,000
smalls (with a storage capacity of about 7,000 m® ) worldwide.

The dams represent the most important hydrotechnical structure, so they have
been studied by many researchers at both national level (Romanescu et al., 2011a)
and internationally (Mohammad Amin, 2018; Yu-jun et al., 2018; Wu et al., 2018;
Marchetti et al., 2018; Lempériére, 2018), highlighting their economic and
administrative importance, but also the effects of the lack of such works in the
propagation of the flood wave (Kourgialas and Karatzas, 2000; Spencer, 2004;
Moel et al., 2009; Romanescu and Nistor, 2011; Romanescu et al., 2011b;
Romanescu and Stoleriu, 2013, 2014; Ghanbarpour and Mohseni, 2014).

In Romania 2,617 dams are listed in the Romanian National Register of Dams
(in Romanian — Registrul National al Barajelor din Romania — REBAR), of which
2,087 are made for water storage, 231 industrial waste deposits, and 299 are special
hydro-technical works.

Of the total number of dams, 372 are classified into two important categories, A
(exceptional importance) and B (special importance), while 2,245 belong to C
(normal importance) and D (minor importance) categories.

The first mention of the construction of a dam in the Moldavian region dates
back to 1450-1550, when dams were built to store a volume of water useful for
water supply to the population, but also for use in agriculture. The use of dams as a
flood defense tool began in 1960, when the Izvorul Muntelui Lake from Neamt
county was put into service.

Before 1989, there were many lakes in Romania formed especially upstream to
a C or D dam for fishing purposes and for water storage. Most of these dams were
located, in particular, in the plains where the risk of droughts was very high.

The dam taken as case study is located on the Volovat River, near Nichiteni
settlement, Botosani County (Fig.1). From a geomorphologic point of view, the
hydrographic basin of the VVolovag River is part of the Moldavian Plain. The area of
the lake is 28.1 ha and the height of the dam is 3 m. The purpose of this dam was to
store water for periods of drought as well as for fish farming. Currently, the dam is
no longer functional, being destroyed.

The present study aims at carrying out a flood simulation in the dam's location
area using two scenarios, both of them performing a flood simulation using a high-
resolution Digital Elevation Model — DEM (LiDAR with a resolution of 1m/pixel).
The first scenario is developed in the current context - the lack of the dam, while
the second scenario is to carry out a flood simulation with the same parameters, but
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this time by reconstruction of the dam. The creation of these two scenarios aims at
identifying the retention capacity of the lake near Nichiteni area, but also to make a
comparison of the affected areas (Jonkman, 2008).
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Fig. 1. Geographical location of the study area
2. DATA AND METHODS

2.1. Data used

For the reconstruction of the dam and the running of the two scenarios, a high-
resolution Digital Elevation Model was needed. Thus, a numerical model of the
LiDAR type with a resolution of 1m/pixel was used. The data used was made
available by the Prut-Barlad Basin Water Administration, lasi.
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2.2. Methods

The methodology of the present study was divided into two stages. The first stage
was the generation of a DEM (Marks and Bates, 2000) and the digital reconstruction
of the dam. Based on the files with the .tif extension obtained from the Prut-Barlad
Basin Water Administration, but also based on the methodology presented in Figure
2, the .tif files have been merged and the dam has been mapped.

Obtain the data Digitizing the contour lines
— (LIDAR, satellite imagery,
topographic maps) Digitizing the altitudinal
points
—| Create geodatabase ’—-
— Set contour Z values
~| Load the tif files ]»

—| Create one Raster Datasetl—

Run the functions: | Generate Fishnet
"] flow direction, sink and fill

Extract values to point

—| Create contour lines ]—

Eliminate the null values

—| Eliminate polygon errors I—

—| Simplify the contour lines |—

Create the final DEM
—| Validate the result |- (Topo to raster)

Fig. 2. Methodological workflow needed for the generation of a Digital Elevation Model
(DEM) and the digital reconstruction of the dam

The result was a DEM with a spatial resolution of 1 m/pixel. Based on the
DEM, the dam near Nichiteni was virtually reconstructed (Fig. 3).
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Fig. 3. 3D view of the dam before and after the digital reconstruction
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The second step was to simulate the two scenarios. The work stages to obtain
the flood extent were divided into 3 steps: pre-processing, processing and post-
processing (HEC-RAS User’s Manual 2016, Urzica et al., 2018, Ghindoanu et al.,
2018) (Fig. 4). In the pre-processing step all the vector layers necessary for the
floodrun were generated (river, riverpaths, cutlines, storage area). Based on the
numeric model, the fields created for each layer were filled in. Several attributes
were included, such as: length, hydro-id, station, reach, banks, left/right length,
channel length, max elevation, min elevation, volume data.

The next step was to export the previously generated layers to the HEC-RAS
program to enter roughness and flow coefficient information for flood simulation
without the dam. In case of flood simulation with the reconstructed dam, the
connection between the course of the river and the lake created upstream to the
dam was made. In both cases, a steady flow simulation with a subcritical mode and
a maximum flow rate of 100 m%/s was chosen. The flow rate was calculated using
the Weibull’s (1.1) and Person III (1.2) formulas.

Pi =i/(n+1)*100 (1.1.)
where: Pi%-the probability of the occurrence of a measured flow;

i—the order number of the flow rate; n—the total number of string terms;
Qp% = Qmed*(1+Cv*®dp%) (1.2.)
where: Qp — insurance flow rate; Qmed — average flow rate;

Cv — the coefficient of variation;
®p% — ordinates of the insurance curve for Cv=1.
The last step consisted in generating the flood raster by exporting the result
from the HEC-RAS environment to the ArcGIS environment.
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i Pre-processing Digitizing thematic layers (River, Banks, Flowpaths) }——
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Fig. 4. Methodological workflow to run a simulation in HEC-RAS software
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3. RESULTS AND DISCUSSIONS

Analyzing the results of the two simulated scenarios, the construction of the
dam near Nichiteni would result in the storage of 550,000 m*® of water in the
modelled flood event, which would lead to a considerable decrease in flooded areas
downstream of the dam.

In the case of the first simulated situation, the one in which the dam was
destroyed, the flooded area amounts to 142.8 ha, out of the total floodplain of 155
ha. The flooded area is 92.12% and the maximum water level is 300 cm (Fig. 5).

In the case of the second situation, the one in which the dam is rebuilt, the
flooded area is 105.8 ha, which represents 68.2% of the floodplain of the analyzed
sector. The maximum water level is 250 cm, 50 cm less than the first scenario.
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Fig. 5. Flood depth before and after the reconstruction of the dam near Nichiteni
settlement
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In terms of land use categories, they were digitized on the basis of ortho
images. For both scenarios, the only affected category was given by pasture. The
rugged terrain and the active presence of geomorphological processes prevented
the construction of dwellings near or within the flooded area of the studied sector.

The differences between the flooded areas for the two scenarios can be seen in
Figure 6. In the case of reconstructed dam, the affected area is 37 ha smaller.
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Fig. 6. Differences of flood boundary between the two situations simulated
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5. CONCLUSIONS

The present study aimed at highlighting the importance of hydrotechnical
structures on rivers, especially embankment works and water storage areas, with
case study on the destroyed dam near Nichiteni.

Two scenarios were simulated, in the first scenario a flow of 100 m?/s was run,
under the current conditions, of the lack of the dam. The second scenario implied
the running of the same flow (100 m%/s), but with the alteration of the Digital
Terrain Model, by reconstructing the dam at an altitude of 3 m. Thus, a water
storage area of 28.1 ha was generated upstream.

Due to the drought and consequently the lowering of the groundwater level, the
reconstruction of the dam near Nichiteni settlement would lead to the storage of a
water volume of 550,000 m? that can be used especially in agricultural activities.
Also, the reconstruction of the dam protects downstream a surface of 37 ha in the
case of a flow of 100 m¥s, which is a flow with 1% exceeding probability.
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