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PREFACE 

The 18th International Symposium on Water Management and Hydraulic Engineering (WMHE 2024) 

is organized by the Faculty of Civil Engineering at the Slovak University of Technology in Bratislava 

from 10–14 September 2024 in Štrbské Pleso – the heart of the beautiful nature of the High Tatras in 

Slovakia. The WMHE 2024 Symposium is the next in the series of International Symposiums in the 

field of Water Management and Hydraulic Engineering, organized with the participation of 

the University of Zagreb (Croatia), Gdańsk University of Technology (Poland), Slovak University of 

Technology in Bratislava (Slovak Republic), Ss. Cyril and Methodius University in Skopje (North 

Macedonia), University of Natural Resources and Applied Life Sciences in Vienna (Austria) as well as 

Brno University of Technology (Czech Republic). 

The main goal of the conference is to share transboundary and interdisciplinary knowledge and 

experience between scientists and experts from Central Europe, from older and new EU member states 

as well as from South-East European candidate countries. 

The first Symposium of this type was organized as a bilateral activity between the faculties of Gdańsk 

University of Technology and Zagreb University. Since 1998 (in Dubrovnik), the Slovak University of 

Technology, the Ss. Cyril and Methodius University in Skopje and BOKU University of Natural 

Resources and Applied Life Sciences in Vienna have joined this biannual symposium series. In 2013 

Brno University of Technology, Czech Republic, joined the steering group of WMHE too. 

The aim of the Symposium is to encourage and facilitate communication and exchange of experience 

from recent research work between scientists, engineers and professionals on different aspects of water 

and environmental management and hydraulic engineering, including physical and mathematical 

modelling. Topics of the symposium have been chosen to cover the main elements of integrated water 

resources management, hydraulic engineering, sanitary engineering and sustainable water use, 

hydrology, hydraulics, geotechnical engineering as well as environmental engineering, climate change 

and flood risk management. This successful series started in 1984 and is now regularly organized as a 

two-annual symposium meeting. During the symposium, two lectures will be given by invited 

internationally renowned scientists Prof. Hans – Peter Nachtnebel from BOKU University in Vienna 

and Prof. Jan Szolgay from STU in Bratislava. 

The Symposium is co-organized by the Slovak Society of Environmental Technology under the auspices 

of Prof. Dušan Petráš. 

We are honoured and delighted to invite you to enjoy the symposium in the beautiful nature of the High 

Tatras in Slovakia. 

 

 

Andrej Šoltész 
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ANTICIPATING EMERGING FLOOD RISKS  

NACHTNEBEL HANS PETER1, NEUHOLD CLEMENS2 

1 Prof. em. Dipl.Ing.Dr. Dr. hc., Department of Water-Atmosphere-Environment, 

University of Natural Resources and Life Sciences. Vienna, Austria.  

hans_peter.nachtnebel@boku.ac.at 
2 Dipl.Ing. Dr, Deputy Director, Directorate I/6 - Flood Risk Management 

Austrian Federal Ministry of Agriculture, Forestry, Regions and Water Management, Vienna, Austria 

<clemens.neuhold@bml.gv.at>l 

Abstract 

The EU-Flood Directive targets the reduction of existing flood risk and the avoidance of emerging new 

risks. Future risks depend on climate-induced changes in rainfall patterns, but also land use changes 

related to societal development are relevant. 

 

Here, a methodology for assessing future flood risk in a changing environment will be presented by the 

help of a case study executed at the regional scale. The province of Upper Austria encompasses an area 

of 11 982 km2 with 1,437 Mio inhabitants living in 444 municipalities. The land use maps provided 

data for each municipality including residential area, public buildings, industrial and commercial areas, 

infrastructure, recreation and agriculture. Data were analysed for the recent status and under the 

assumption that the local land development plans are fully implemented. The latter constitutes an 

estimate of the worst-case scenario. 

 

The recent flood risk is estimated for observed conditions while future climate induced flood risk is 

derived by considering the sensitivity of recent flood risk to changing inundation area and respective 

damage potential. The area of buildings in flood plains has been selected as a risk indicator. In twenty-

one municipalities more than 100000 m2 of buildings are recently exposed to floods with a return period 

larger than 200 years. In eleven municipalities, all the residential areas are located outside the flood 

plain. The data are categorized according to Fig.1. 

 

Second, flood risk changes are assessed considering socio-economic development, characterised by 

regional demographic changes and the respective land development plans. This information provides 

the basis for assessment of emerging risk areas. According to internal migration trends it can be 

concluded that in surrounding areas of already highly developed centres the population is expected to 

grow, and as a consequence, residential buildings will be developed from which a substantial part may 

be located in flood prone areas. As a result two maps, recent risk and emerging risk, would be obtained 

(Fig. 2). 

 

To prioritise the municipalities with respect to recent and emerging risks the two layers (today and 

future) have to be combined. As an example, as displayed in Fig. 1, we simply combined the various 

categories (category layer 1 + category layer 2). Of course, dependent on the weights given to recent 

and emerging risk different results could be obtained. However, the hot spot areas remain always clearly 

visible.  

 

Then, climate induced changes in flood magnitude and corresponding inundation area were assessed. 

Either different regional climate model outputs could be used to generate flood events or sensitivity 

studies could be executed to learn about the response of inundated areas. E.g. which changes in the flood 

plane would occur if the flood peak would be 10% higher.  

 

Based on Fig. 2 conclusions can be taken where land development and/or climate change impacts are 

dominating. Further, a clear ranking of municipalities is possible to avoid emerging risks, either by a 

modification of land development plans or by developing protective measures. 

 

mailto:hans_peter.nachtnebel@boku.ac.at
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Figure 1. Classification of recent and emerging flood risk 

 

 

 
 

 
Figure 2. Indicator of recent risk (upper left), indicator of emerging risk (upper right) 

 

 

Keywords: flood risk assessment, climate sensitivity, risk priorization 
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A LOOK AT THE POTENTIAL OF REGIONAL PROCESS-ORIENTED LOOK AT BIVARIATE 

FLOOD FREQUENCY ANALYSIS FROM THE PERSPECTIVES OF ENGINEERING AND 

COMPARATIVE HYDROLOGY 

JAN SZOLGAY 1 

1 Department of Land and Water Resources Management, Slovak University of Technology, Slovakia, jan.szolgay@stuba.sk 

Abstract 

The seasonality of hydrological characteristics is one of the many vital factors controlling the 

development and stability of natural ecosystems and determining flood and drought hazards. From a 

hydrological perspective, seasonality analysis of runoff is appealing for inferring flow generation 

mechanisms. That, in turn, supports engineering hydrological applications, such as hydrological 

regionalization of extremes and design values, which are crucial inputs for water resources management, 

engineering design and landscape planning.  

 

In contrast to studies that primarily focus on the statistical aspects of statistical models, we illustrate 

here, using comparative analysis, the potential of such an approach in bivariate frequency analysis. We 

aim to analyse the relationships between flood peaks and volumes, explicitly focusing on flood types by 

the seasonality of flood generation processes. That leads us to study, instead of the usual approach that 

deals with an analysis of the annual maxima of flood events, to include an analysis of seasonal flood 

events. That enables us to distinguish the controls on flood generation represented by their duration and 

flood wave shapes based on the concept of comparative hydrology. Moreover, we can, rather than 

modelling a single catchment in detail, regionally compare catchments with contrasting characteristics 

in order to understand the controls holistically and describe the functioning of climatic controls such as 

storm type (synoptic and convective storms, rain-on-snow, snowmelt) and catchment controls such as 

soils, soil moisture, geology, and landform.  

 

From the engineering perspective, the following types of flood processes were considered here in more 

detail: summer/winter floods, synoptic floods, flash floods and snowmelt floods in illustrative examples. 

In order to increase the sample size and the homogeneity of the samples for the statistical analysis, 

hydrologically independent flood events can be isolated and assigned to one of the flood process types. 

To comply with the IID principle, flood events are proposed to be considered independent when they 

originate from distinguishably different synoptic/meteorological situations and identically distributed 

according to the regional flood type.  

 

When applying such an analysis, it is helpful to compare empirical copulas regionally first to verify 

whether the flood processes considered are discernible regarding the corresponding bivariate flood-peak 

relationships. Next, the types of copulas frequently used in hydrology can be fitted, and their goodness-

of-fit examined in a regional scope. The spatial similarity of copulas and their statistical rejection rate, 

depending on the flood type, region, and sample size, can be examined, too. The methods are 

demonstrated in pilot studies of selected regions in Austria, Slovakia and the Czech Republic. 

 

Based on our experience, treating flood processes separately in such way is beneficial, both 

hydrologically and statistically, since experience shows that flood processes and their relationships are 

discernible locally and regionally in pilot regions. However, the uncertainties inherent in the copula-

based bivariate frequency analysis itself (caused, among others, by the relatively small sample sizes for 

consistent copula model selection, upper tail dependence characterization and reliable predictions) may 

not be entirely overcome even in the scope of such regional comparative analysis. 

 

Keywords: flood types, process-based classification, regional analysis, flood peaks, flood volumes, 

copula models 
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HYDRAULICS AND HYDRAULIC STRUCTURES 
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OPTIMIZING MANNING’S ROUGHNESS COEFFICIENT  

WITH COUPLING SIMULATOR AND OPTIMIZER 

KAZEM SHAHVERDI 1, SAEED GOHARI 2 

1 Assistant Professor, Department of Water Science and Engineering, Bu-Ali Sina University, Hamedan, Iran, 

k.shahverdi@basu.ac.ir 
2 Assistant Professor, Department of Water Science and Engineering, Bu-Ali Sina University, Hamedan, Iran, 

s.gohari@basu.ac.ir 

Abstract 

Hydraulic models have a substantial role in the simulation of rivers due to their high accuracy and low 

cost. One of the most practical hydraulic models is HEC-RAS capable of simulating all flow conditions 

in watercourses. Floods occurring in rivers are highly dependent on Manning's Roughness Coefficient 

(MRC). Its optimization, calibration, and uncertainty analysis are necessary. Different methods, mostly 

with HEC-RAS as a simulator, have been presented and applied to find an appropriate optimal value  

for MRC as an important parameter in rivers. MRC is highly variable with time and place affected  

by many uncertain sources, which makes it a very complicated task. Therefore, an optimization method 

is needed to find the most appropriate and optimal MRC. The challenging issue is that running  

HEC-RAS many times to search and find an optimal MRC is time-consuming and impossible manually. 

To the best of our knowledge, there is no research on linking optimizers with HEC-RAS. The novelty 

of this research is developing a systematic approach to control HEC-RAS automatically and linking  

it with an optimizer to run HEC-RAS and optimizer iteratively. Therefore, the main objectives 

considered are: i) to develop a MATLAB 2019 program to automate HEC-RAS (version 5.0.7), ii)  

to link HEC-RAS with PSO as an optimizer, and iii) to find optimal MRC using the developed model 

in the Shahab river in Hamedan province (Iran). 

The results showed that the MRC in the three distinguished reaches (from upstream to downstream) 

were respectively obtained as 0.061, 0.057, and 0.040 in the main channel and 0.069, 0.059, and 0.046 

in the floodplain. Comparing the obtained values from optimization and estimated values by traditional 

methods revealed that the optimal values are lower than the estimated ones. The results of the uncertainty 

analysis of six hydraulic parameters showed that the uncertainty of the velocity is higher than the others. 

According to the results, the uncertainty is high, therefore, it is recommended MRC is determined  

with sufficient accuracy to reduce the financial costs and human losses caused by floods. 

 

Keywords:  HEC-RAS, calibration, optimization, river, simulation  
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EFFECT OF BLOCKAGE ON SCOURING DOWNSTREAM THE CULVERTS 

SOMAYEH KARIMPOUR 1, SAEED GOHARI 2 

1  Ph.D. student, Department of Water Science and Engineering, Bu-Ali Sina University, Hamedan, Iran, 

s.gohari@basu.ac.ir 
2  Associate Professor, Department of Water Science and Engineering, Bu-Ali Sina University, Hamedan, Iran, 

s.gohari@basu.ac.ir 

Abstract 

Culverts are hydraulic structures constructed under transportation facilities to convey surface runoff  

and also seasonal runoff from one side to the other side of roads. These structures are commonly used 

in drainage and water management systems in urban and residential areas. Scouring around culverts  

and other hydraulic structures is a critical problem that affects their operation and stability  

The suspended and bed sediment, flotsam and wood transported into the river during a flood event  

can cause blockage of hydraulic structures. The models of box culvert and circular culvert were made 

of glass and smoothed pipes, respectively. The laboratory channel (10 m length × 0.5 m width × 0.6 m 

height) consisted of transparent side walls made of glass plates. The moving bed downstream  

of the culvert outlet was covered with uniform non-cohesive sand (d50 = 2 mm). As a result,  

this phenomenon leads to local scour downstream of the structures. In this paper, the effect of plugging 

in the culvert inlet on local scour downstream of the culvert is investigated. While the experiments were 

carried out using 4 culverts with different shapes and degrees of plugging over a non-cohesive uniform 

sand bed. The results showed that the shape and number of culverts had a significant effect  

on the downstream scour volume and the size of the scour hole in clear water. At the same time,  

the scour dimensions also changed under the different flow conditions. A new experimental relationship 

was proposed to predict the dimensions of the scour using the collected data sets. 

 

Keywords:  culvert barrel shape, culvert capacity, local scouring, blockage 
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CALIBRATION OF THE XBEACH-GRAVEL MODEL 

HANNA MILIČEVIĆ 1, DALIBOR CAREVIĆ 2, DAMJAN BUJAK 3 

    1 Faculty of Civil Engineering, University of Zagreb, Croatia, hanna.milicevic@grad.unizg.hr 
2 Faculty of Civil Engineering, University of Zagreb, Croatia, dalibor.carevic@grad.unizg.hr 
3 Faculty of Civil Engineering, University of Zagreb, Croatia, damjan.bujak@grad.unizg.hr 

Abstract 

The Croatian east coast of the Adriatic Sea is highly valued for its biodiversity and small, fetch limited 

gravel beaches, which have been intensively used by humans for centuries. All values can be affected 

by the current growing tourist demand for beach capacity, which has led to the construction of artificial 

beaches, especially pocket gravel beaches, along the Croatian east coast without sufficient knowledge 

of the most suitable parameters for design, as well as natural pressures such as storm events that cause 

morphological changes (sediment transport). Despite the importance of preserving gravel beaches  

in Croatia, there is also a lack of knowledge on how the beach can withstand various wave forcings  

and the frequency of storm events, as well as a lack of dedicated numerical models that predict  

the morphological response of the beach to storm events. 

 The results of the BEACHEX research project on the artificial gravel beach Ploče in the northwestern 

part of the city of Rijeka in Kvarner Bay aim to address this lack through an integrated research approach 

that includes field surveys (unmanned aerial vehicles) and numerical modeling (Xbeach-Gravel). 

This paper summarizes the calibration results of the 1D Xbeach-Gravel model for predicting  

the response of the gravel beach Ploče to strong wind waves in winter. Two free model parameters 

related to sediment transport that were used for model calibration are the angle of repose (Φ), which 

controls avalanching and affects sediment transport on sloping beds, and the transport coefficient (g), 

which linearly scales the transport rates and gradients. To evaluate the predictive power of the numerical 

model, three different values for the sediment transport parameters (Φ- 35°,45°,55° & g- 0.5, 1, 3)  

were used to find the combination that is best suited to describe berm formation. The model simulation 

results show that XBeach-G is able to reproduce the observed change in the cross-shore profile  

(Figure 1) under different wave conditions with high quantitative accuracy (BSS≥0.6). 

 

 
Figure 1. Position and height of the most suitable combination of sediment transport parameters (Φ, g)  

for berm formation 

 

Keywords:  Xbeach-Gravel, Artificial beaches, Gravel, Modelling, Storm morphology 
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EFFECT OF DIFFERENT METHODS ON THE MANNING’S ROUGHNESS COEFFICIENT 

DETERMINATION FOR THE CLOSE TO NATURE FISH PASS 

LEA ČUBANOVÁ 1, JÁN RUMANN 1, PETER DUŠIČKA 1 

1 Faculty of Civil Engineering STU in Bratislava, Radlinského 2766/11, 810 05 Bratislava, Slovak Republic, 

lea.cubanova@stuba.sk, jan.rumann@stuba.sk, peter.dusicka@stuba.sk,  

Abstract 

Manning's roughness coefficient is a crucial parameter in hydraulic calculations for open channels.  

Its values are typically listed in tables based on material or vegetation descriptions, providing an initial 

estimation of channel roughness coefficient. However, its accurate evaluation for hydraulic calculations 

on hydraulic structures can be challenging. 

Nature-like fish passes are a modern preference in fish pass constructions. Achieving the required 

hydraulic parameters can be a significant problem. A fish pass designed to mimic the natural stream 

environment enables fish to move upstream and downstream more naturally, reflecting the conditions 

found in the watercourse. In this type of fish pass, water flow is guided by natural elements such  

as single stones, also known as perturbation boulders. These boulders serve to decrease velocities  

and enhance water depths. 

Determining Manning's roughness coefficient for close-to-nature fish passes can be challenging,  

as it may be overestimated to achieve the desired depths and velocities using simple calculation 

equations. Measurements of hydraulic parameters (discharge, water surface elevation, velocities,  

and geometric characteristics) were conducted on selected fish passes, and pictures in 1 x 1 m frame 

were taken for grain size distribution curve analysis. The ImageJ Analyze Parts algorithm was used  

for the grains (segmented particles) determination. Based on the measurements, roughness coefficients 

were analyzed using various approaches, including empirical relationships based on the characteristic 

diameter of the grain, Cowan's method, and the step-by-step method from the measured hydraulic 

characteristics of the profiles. The values obtained by different approaches indicate a considerable 

dispersion of the Manning's roughness coefficient. 

 

 

Figure 1. Grain size analysis of a nature-like fish pass riverbed 

 

Keywords:  fish pass, in situ measurement, grain size distribution curve, image-processing 

procedure, Manning roughness coefficient 
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Abstract 

Bridge piers in rivers locally alter flow conditions in their vicinity, inducing scour and exposing bridge 

elements to increased loads that can lead to bridge failure. Installing scour countermeasures alleviates 

immediate hazard to bridge safety but can also induce changes in the riverbed downstream, consequently 

increasing hazard for adjacent structures. Scour development and flow environment over the scoured 

riverbed can be simulated experimentally or numerically, depending on the required data extent and data 

resolution. For this research, hydraulic flume was set up with erodible sand-bed and bridge piers 

protected with riprap sloping structure. Combinations of flow rates and flow depths was selected  

to include the flow conditions for incipient motion and below, targeted to investigate the higher order 

turbulence statistics (turbulent kinetic energy and Reynolds stresses) in the near-bed region  

that doesn’t result in bed change, i.e. that sustains clear-water conditions. Experimental data  

was measured using the Acoustic Doppler Velocity Profiler (ADVP) in the bed vicinity with 1mm 

resolution and 100Hz frequency over the 12 min duration. The aim of the paper is to investigate  

the higher order turbulence statistics associated with immobile bed conditions and compare  

the differences to incipient motion conditions. The results show that turbulent kinetic energy  

and Reynolds stresses are positively correlated with flow rate. Once the incipient motion threshold  

is reached, distinct differences are visible in the velocity profile, and profiles derived from higher-order 

turbulence data, indicating that conditions close to incipient motion threshold should be approached  

with caution in order not to introduce bias into clear-water scour investigations. 

 

Keywords:  ADVP, bridge pier, turbulence, turbulent kinetic energy, Reynolds stress 
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Abstract 

Bridge piers can directly influence the bed development in their vicinity, causing deposition  

of the scoured material in the pier shadow and subsequent development of bed features downstream  

that change the flow pattern. Bridges can be locally protected from scour with larger stones, which  

in turn increases the turbulence and requires detailed flow investigation to evaluate the effect  

on the surrounding riverbed. Flow environment can be simulated experimentally or numerically  

to investigate scour development and hydraulics associated with the scour hole. Numerical data  

can cover larger extent of the research area, while experimental data can provide more detailed insight 

into the turbulent flow. This research was conducted in hydraulic flume set up for bridge scour 

experiments with bridge piers placed in the erodible bed and protected with a riprap sloping structure, 

targeting to determine flow conditions associated with mobile bed. Experimental data was measured 

using the Acoustic Doppler Velocity Profiler (ADVP) for a range of boundary conditions - flow rates 

and flow depths. Combinations of flow rates and flow depths was selected to include the incipient 

motion condition and above, targeted to collect the difference in near-bed flow that transports bed 

sediment downstream. The aim of the paper is to investigate the higher order turbulence statistics 

(turbulent kinetic energy and Reynolds stresses) and the bed elevation change in the near-bed region. 

The analyzed data is used for comparison with flow measurements in the scour hole vicinity to quantify 

the increase in the turbulent kinetic energy and Reynolds stresses contributing to scour hole 

development. The results show that turbulent kinetic energy and Reynolds stresses show distinct 

patterns, depending on the bed development stage. 

 

Keywords:  ADVP, bridge pier, turbulence, turbulent kinetic energy, Reynolds stress 
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Abstract 

The pressures along the outer contour of the parapet wall on the vertical breakwater without rubble 

mound were analysed under the action of spectral (JONSWAP; g= 3.3, s1 = 0.07, s2 = 0.09)  

and monochromatic waves, as well as the overtopping only under the action of spectral waves. 

Significant wave heights Hs and peak wave periods Tp (Hs = 3 m, Tp = 6.3 s; Hs = 3.5 m, Tp = 6.9 s) 

for spectral waves, i.e. wave heights H and periods T for monochromatic waves (H = 3 m, T = 6.3 s;  

H = 3.5 m, T = 6.9 s ; wave steepness L/H = 21), and depths in front of the breakwater (8 m, 6 m  

and 4 m) were varied as part of the analysis. The slope of the bottom was constant (1:30) in all conducted 

simulations. The parapet wall was analysed in two configurations, the first with the wall on the outer 

side of the breakwater and the second with the alignment at the centre of the breakwater. 

When the parapet wall is erected in the centre of the structure, the maximum forces increase almost 

fourfold compared to the forces acting on the parapet wall at the beginning of the structure,  

and the maximum recorded pressure occurs at the connection between the breakwater cover plate  

and the parapet wall. The overtopping intensities determined with the numerical model agree  

with the overtopping calculated on the basis of empirical equations. The results of the analyses show 

that the overtopping is on average 20% lower in all simulations if the parapet wall is positioned  

in the centre of the breakwater. 

 

 
Figure 1. Comparison of the overtopping intensity for the parapet wall on the outer side of the breakwater  

(wall in front) and with a displacement of 3m (wall in the center) 

 

Keywords:  vertical breakwater, parapet wall, wave pressures, overtopping 
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Abstract 

The paper explores current options for the hydraulic assessment of combined functional structures 

involving small water and dry reservoirs. The pursuit of cost savings often leads to the use of this type 

of flow control structure, which can pose significant hydraulic challenges. Economically, experimental 

research using physical models is typically not feasible for assessing hydraulic designs in such cases. 

Consequently, the paper primarily emphasizes the use of analytical and numerical calculations. 

For a thorough hydraulic assessment of the associated structure, a 3D numerical model was employed, 

encompassing all components of the structure, including safety spillways, stilling pools, aprons,  

and bottom outlets. Analytical calculations, coupled with a 1D numerical model, were applied  

for preliminary designs of the basic dimensions of the structure and comparison with the results  

of the 3D numerical model. The proposed computational procedures were verified through their 

application in the design of a dry reservoir in the locality of Kroměříž in the Czech Republic.  

The visualization of the proposed structure is in Figure 1. 

In conclusion, the authors delve into a detailed discussion of the obtained results and provide 

recommendations for the practical application of these findings in engineering practice and within other 

research endeavours. 

 

 
Figure 1. Visualization of the designed hydraulic structure of the dry reservoir 

 

In the conclusion, the authors focus, among other things, on a detailed analysis of the difference  

in results between the calculation methods used. It was found that in the area of maximum discharges 

with a return period of 500 years or more, the analytical and 1D numerical calculations are already 

insufficient and show significantly different results in the water surface elevation, capacity  

of flow control objects and hydraulic jump evaluation from the 3D model. The differences  

in the determined capacities of the flow control objects are further reflected in the transformation  

of the theoretical flood waves. These findings have implications for the assessment of the hydraulic 

structures for the required level of flood protection according to Czech technical standard CSN 75 2935. 

Figures 2 to 4 show selected results from the performed calculations. Further significant findings will 

be presented in the full version of the paper. 
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Figure 2. The results of the safety spillway capacity assessment by the proposed methods 

 

 
Figure 3. The results of the bottom outlet capacity assessment by the proposed methods 

 

 
Figure 4. The hydraulic jump lengths evaluated by selected methods 

 

Keywords:  dry reservoirs, small water reservoirs, hydraulic structures, flow control objects,  

1D model, 3D model, safety, flood wave 
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Abstract  

The erosion of sediment around bridge piers is a common occurrence in river channels. One of the most 

widely used methods to mitigate the impact of scouring on bridge piers is riprap countermeasure. Riprap 

protection involves placing launchable stones radially around the bridge pier, extending above  

the original riverbed level.  

This configuration of riprap induces secondary currents, causing the scour hole to move downstream  

of the toe of the riprap. Thus, the key characteristic of this structure is the occurrence of the scour 

downstream, in contrast to single piers where scour can be observed at the upstream pier nose.  

The aim of this paper is to investigate downstream scour phenomena as a result of riprap placement 

around bridge pier. Since riprap-protected piers lead to an increase in shear stress and velocity field, 

these two parameters are numerically evaluated to understand their impact on scour hole development. 

Sediment transport simulations are conducted using Flow-3D software. To replicate a representative 

natural fluvial environment, the characteristic geometry of the riprap structure is established  

in a small-scale flume. The experiments focus on varying different boundary conditions,  

while characteristic riprap dimensions remain the same. The established numerical model is calibrated 

based on results from a physical model in the laboratory. 

The results shed light on influencing hydrodynamic parameters in scouring process downstream  

of the riprap protection. Understanding these parameters is important for effectively addressing  

this relatively unexplored phenomenon. Given that scour around riprap protection presents a global 

challenge in many regions, the conclusions of this study are aligned with the broader context of scour 

monitoring in river management. 

 

Keywords:  bridge pier, local scour, riprap protection, numerical model, Flow-3D 
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Abstract 

The harbor area plays a crucial role in maritime traffic, port management, and ensuring navigational 

safety, making it essential to adequately protect this area. Floating breakwaters are frequently employed 

to safeguard harbors and ships in ports, particularly in partially sheltered areas like the eastern Adriatic 

coast. Consequently, it is essential to thoroughly assess the transmission of wave energy beneath  

the floating breakwater. 

The objective of this research is to assess the precision of the formula proposed by Ruol et al., 2013  

for estimating the transmission coefficient of wave energy. We examine the behavior of a π-type floating 

breakwater in the presence of spectral waves. Moreover, an examination of the influence of water depth 

on the transmission coefficient in wave transmission is included. 

A series of measurements were undertaken in a wave flume, employing a 1:21 scale model of a π-type 

floating breakwater. The parameters of the incident and transmitted waves were measured using a total 

of eight measuring probes. The transmission coefficient was determined based on the measured 

significant wave height in front of and behind the floating breakwater.  

The analysis of data has indicated that an elevation in water depth leads to a corresponding rise  

in the transmission coefficient. It was found that the formula proposed by Ruol et al., 2013 

underestimates measurements by 25% for small values of Tp/Th (1.0<Tp/Th<1.20) across all water depths. 

In cases where Tp/Th values are larger (1.30<Tp/Th<1.60) and depths are shallow, the formula tends  

to overestimate by 15%. Nevertheless, the formula proves to be highly accurate when exploring greater 

depths in the same Tp/Th range. Ultimately, a polynomial expression was formulated to establish  

the relationship between the peak wave period, the breakwater's natural heave oscillation,  

and the transmission coefficient measured in this study. 

 

Keywords:  floating breakwater, wind waves, transmission coefficient, sheltering harbors, marinas 
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Abstract 

Currently, the water flow models play a significant role in various phases of the design, reconstruction, 

and operation of hydraulic structures. The water flow models provide an estimate of water behavior 

during its flow directly on/in objects or in their vicinity, rather than representing their entire reality, 

because hydraulic models are susceptible to various sources of uncertainty. 

Uncertainties have various causes: the complexity of dynamic phenomena, uncertainties in model 

structures, and uncertainties in the input data and parameters of these models. Model parameters can be 

static (e.g., pipe roughness) or dynamically changing over time or space (e.g., bed roughness). 

Parameters of the water flow models can be estimated based on empirical experience or field 

measurements analysis, or their combination. Calibration of a water flow model is a process that adjusts 

model parameters to minimize differences between simulation results in the model and actual 

measurements. 

Due to the complexity of water flow issues (a large number of parameters subject to spatiotemporal 

change), the determination of model parameters by the "trial and error" method is methodically 

complicated and time-consuming. From this perspective, heuristic methods appear suitable for solving 

such problems. 

The aim of the paper is to explore the possibilities of using heuristic methods (especially evolutionary 

algorithms, i.e., search methods guided by a certain strategy, suitable for solving problems for which 

there is no adequate specific algorithm or straightforward numerical method). 
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Abstract 

Water supply systems as complex systems are most often analyzed hydraulically in practice, by assumed 

quasi-steady flow regime. In general, hydraulic regime in all water supply systems is unsteady, but very 

often in planning, the hypothesis of quasi-steady regime is justified. However, in water supply systems 

with pumping plants, their switching on and off leads to a state of transient hydraulic regimes. In such 

transient regimes the phenomenon of water hammer occurs, which causes sudden increase or decrease 

of flow and pressure in sections and/or in the entire water supply system. Water supply systems in such 

transient regimes should be hydraulically analyzed by means of basic equations for unsteady flow.  

For the needs of this research, by using the method of characteristics, a custom mathematical model 

HTM (Hydraulic Transient Model) is developed for the purpose of water supply network analysis  

in conditions of unsteady flow, i.e. with this mathematical model, the characteristics of the water 

hammer in closed systems for water transport under pressure can be seen. In addition, physical model 

in ratio 1:1 has been made for in-situ analyses of pressure change in occurrence of water hammer  

in the water supply system, by which this methodology applied in field research, according  

to the configuration, dynamics and measuring equipment are author's original and innovative ideas. 

 

Starting points in the mathematical description of the water hammer are the basic equations in fluid 

mechanics:  

▪ Law of maintaining the amount of movement and 

▪ Law of maintaining weight 

 

The method of characteristics exceptionally solved both positive and negative pressure waves  

and has remained one of the widely applied methods. Therefore, the method of characteristics has been 

proven in the research so far as a method of exceptional compatibility with numerical solutions  

and the same one is applied in this research. By the method of characteristics, the basic partial 

differential equations which are not integrable in closed form are transformed in ordinary differential 

equations which have solution in closed form. 

The mathematical model HTM is created in a way that it can analyze water supply system only  

in unsteady regime. The steady regime which dominates in the system before the occurrence  

of the unsteady state is taken from already made up-to-date software packages for analysis of systems 

under pressure. 

For the calibration of the mathematical model HTM in this research, suitable measuring equipment  

has been made and built-in at certain critical places of the real water supply system, which is actually 

physical model in ratio 1:1. The real water supply system is a pumping water supply system where  

the quantity of water being pumped is firstly distributed into the water supply network and then into  

the tank – pumping system with tank beyond an inhabited place. The water supply network  

is of branching system and all of it is carried out from polyethylene pipes (HDPE pipes). A characteristic 

of this water supply system is that the distribution of the consumers – households is at a large difference 

in height, i.e. from the minimum peak elevation of 724 m up to the maximum of 810 m,  

while the maximum water level in the tank is 824 m, i.e. such water supply system has a hydrostatic 

pressure from 14 to 100 m. 

From the analysis of water supply network, terrain configuration, distribution of consumers  

and geometrical characteristics of the lines, the need for selection of a total of twenty measuring places 

emerged, by which entire coverage of network was provided. 

 

As it was previously mentioned in this paper, the need for this research was imposed by the fact to find 
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out reasons for occurrence of defects in real water supply system which is subject to analysis. Namely, 

in the analyzed system from the very beginning of its exploitation of sections with small pressures, 

frequent occurrence of defects has been noticed (part in measuring device M-7), and defects  

of the pumping system pipeline near the pump station (M-1) have started appearing later. 

 

  
Figure 2. Characteristics of water hammer, experimental from performed in-situ measurements and analytical 

from HTM model during pump switching off 

 

From the aspect of hydraulic analysis, water supply systems where occurrence of water hammer  

is expected should be analyzed and dimensioned in such manner that they can be "adjusted" to both 

steady and unsteady flow regime. This recommendation should especially be respected in water supply 

systems in which in the exploitation phase there is even slightest possibility of water hammer 

occurrence, such as pumping water supply systems with reservoirs beyond inhabited place,  

i.e. as the analyzed system in this research. Actually, as it can be seen from the results in this research 

of the subject, it is significant to analyze the locations with increased pressure, but also the locations 

with minimum pressures in order to avoid occurrence of vacuum in these sections. 

 

Keywords:  Water supply system; water hammer; mathematical model (HTM); experimental  

(in-situ) model 
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Abstract 

Vegetation significantly influences fluvial system dynamics and plays a central role in river 

management. This study specifically examines in-channel aquatic macrophytes, both submerged and 

emergent, which are vital components of many lowland river ecosystems. In-channel vegetation 

increases local and boundary flow resistance [1,2], traditionally viewed as problematic due to increased 

energy losses [2]. Consequently, mean velocity decreases, limiting the river channel’s capacity to 

convey discharge, potentially heightening flood risks by increasing depth [2]. This study emphasizes 

addressing the resistance aspect of aquatic vegetation in fluvial hydrodynamics, particularly in areas 

where vegetation reduces the river’s conveyance capacity. 

Studies on vegetated river flows have typically examined the impact of vegetation on flow velocity 

profiles and stress distributions, both in fully vegetated beds and around patches of vegetation [1,2]. 

Researchers have scrutinized the influence of vegetation elements, whether rigid or flexible, as sources 

of drag within water flow, employing laboratory experiments [3] and numerical modeling [4] to 

understand vegetation-flow interactions and analyze flow fields, particularly velocity profiles and 

turbulence [1], as well as energy loss [2]. Initially, they have developed methods to predict drags of 

aquatic vegetation based on characteristics such as plant form, morphology, size, height and density of 

vegetation patches [1,5]. This is crucial for facilitating parameterizations of aquatic vegetation-induced 

flow resistance. One aspect of interactions among vegetation, river flows and transported sediments that 

has received little research attention is their contribution to within-channel storage of relatively fine 

sediment, potentially crucial in understanding the sediment budget of river reaches and catchments [6]. 

Our focus lies on in-channel vegetation and its effects on flow and sedimentation changes over years, 

aiming to evaluate sediment storage within the active channel of a lowland river. 

This study uses measured data from a 4-kilometer reach of the Gabčíkovo-Topoľníky channel in south-

western Slovakia. This reach includes four uniformly spaced cross-sections: two upstream and two 

downstream of a bridge location prone to accumulated vegetative debris (Fig. 1). Field velocity 

measurements were performed using the SonTek RiverSurveyor-M9 during two field visits in 2018 and 

2023. Analysis of bathymetric data and streamwise velocity distribution was conducted to examine 

sediment storage changes across the reach over time. Measured and calculated hydraulic parameters for 

the corresponding years are summarized in Tables 1 and 2. The relevant parameters are: flow depth h, 

river width w, wetted area A and perimeter P, hydraulic radius R, longitudinal slope of water surface Sf,  

flow velocity u, shear velocity u*, flow discharge Q, area of fine sediment As (the area between the base 

and the surface level of fine 

sediment in each river cross-

section - Fig. 2), Froude number 

Fr, and roughness coefficients n.                                          

Despite the complexity of flow- 

vegetation interactions, the 

representation of the vegetation in 

predictive equations commonly 

relies on semi-empirical formulas 

(e.g., the Manning or Darcy-

Weisbach equations). The results 

showed the decrease in total 

discharge and section-averaged 

velocity in 2023, attributed primarily to denser vegetation in 2023 compared to 2018, where cross 
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sectional geometric shapes maintained almost unchanged along the river reach (Fr and R remained 

nearly constant for each corresponding section). This led to changes in the Manning coefficient values 

(nm= R2/3Sf
1/2 u⁄ ) and the one developed (nr=0.32q*-0.978

) under the previous research work of the authors 

[2], where q*= (
Q

w⁄ ) √gR3Sf⁄ . It is worth noting that nr indicated a good fit compared to nm estimations, 

despite a 20% underestimation. 

Table 1. Hydraulic parameters of four selected cross-sections: May 2018 measurements 
Sections h 

(m) 

w 

(m) 

A 

(m2) 

P 

(m) 

R 

(m) 

Sf u 

(m/s) 

u* 

(m/s) 

Q 

(m3/s) 

As 

(m2) 

Fr nm nr 

S1 1.49 16 22.41 18.73 1.20 0.000038 0.120 0.021 1.88 2.73 0.035 0.08 0.07 

S2 1.41 16.5 21.36 19.10 1.12 0.000014 0.115 0.012 1.90 2.54 0.035 0.04 0.04 

S3 1.57 14.5 21.77 17.85 1.22 0.000016 0.103 0.014 1.93 1.75 0.03 0.05 0.04 

S4 1.76 17.0 27.03 20.13 1.34 0.000053 0.090 0.026 2.00 2.47 0.025 0.12 0.10 

Table 2. Hydraulic parameters of four selected cross-sections: June 2023 measurements 
Sections h 

(m) 

w 

(m) 

A 

(m2) 

P 

(m) 

R 

(m) 

Sf u 

(m/s) 

u* 

(m/s) 

Q 

(m3/s) 

As 

(m2) 

Fr nm nr 

S1 1.59 16.5 25.25 19.4 1.3 0.000092 0.062 0.034 1.39 3.62 0.017 0.21 0.17 

S2 1.48 15.5 20.86 18.35 1.14 0.000057 0.061 0.025 1.31 2.62 0.018 0.13 0.11 

S3 1.60 14.5 22.15 17.89 1.24 0.000066 0.064 0.028 1.69 2.62 0.018 0.12 0.10 

S4 1.70 17.0 27.23 20.14 1.35 0.000043 0.044 0.023 1.47 3.27 0.012 0.15 0.12 

Patches of aquatic vegetation can impact the sedimentation process by creating areas of reduced flow 

velocity through the capture of flow momentum [1], thereby promoting sedimentation. A similar pattern 

can be observed when comparing the 

corresponding values of As in each cross-

section. The rate of increase in As could be as 

high as 50% (S3 in Tabels 1&2 and Fig. 2) due 

to the presence of vegetation and the resultant 

lower velocity. This points to the role of 

aquatic vegetation in influencing sediment 

storage [6], primarily through the retention 

and stabilization predominantly sand and finer 

sediments within the channel. The findings of 

our study indicate significant retention of fine 

sediment (0.001-2 mm) by aquatic vegetation 

in the Gabčíkovo-Topoľníky channel, which 

are important insights for prediction of 

sediment budgets and river functioning. Future 

research will extend to assess fine sediment 

proportions retained by aquatic vegetation 

over larger river reaches and time frames.            Figure 2. Four river cross-sections (S1-S4) in 2018 and 2023  
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Abstract 

A 2D mathematical model is used to simulate water flow in two-dimensional space. The most common 

software is used the U.S. Army Corps of Engineers, Hydrologic Engineering Center's River Analysis 

System (HEC-RAS). The calculation is based on mathematical equations which describe basic physical 

principles such as the conservation of momentum and energy, which have the greatest influence  

on the results. Another possibility of the software is the possibility of turbulence modeling, which brings 

the calculation closer to the real state. It is also necessary to choose a suitable computing time step  

for the correct modeling of the computing network, that means the Courant criterion must apply.  

This criterion is very important during creating mathematical model because it determines the stability 

of the computation. The performed model allows to simulate the water flow in different conditions. 

From the modelled results, we can analyse many hydraulic parameters. Then comparing  

these parameters with the measured values from the field a calibrated model can be obtained. 

Parameters, such as velocities and depths, are the most important by the fish pass design,  

because they affect the functionality of the fish pass, it means its passability for fish and ichthyofauna. 

By analysing the results, we can evaluate the expected efficiency of the fish pass and propose structural 

changes even in the project phase before its construction, which is also cheaper, or we can design 

modification of existing one if calibrated model is available. Mathematical modeling of fish passes  

is challenging due to the need for precise geometric descriptions of the internal environment, detailed 

computational meshing, and compliance with the Courant criterion for time step selection. Choosing  

the appropriate mathematical procedure for detailed modeling within fish pass facilities is a key task  

in achieving more accurate results. Comparing 2D and 1D approach, a 2D model is more  

time-consuming than a 1D model but produces more accurate results. Such mathematical modeling  

can be used not only for fish passes, but also for the assessment of various situations, such as floods, 

channel flow or for the design of hydraulic structures and for each problem the proper governing 

mathematical equations must be used. 

 

Keywords: fish pass, HEC-RAS, 2D model, shallow water equations, diffusion wave equations, 

Courant number 
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Abstract 

This research outlines a comprehensive analysis of river velocity data utilizing entropy models for 

prediction and metrics of the velocity distribution. The analysis will be based on an actual case study of 

the locations of rivers in Croatia. For the Plitvica example, the Acoustic Dopler Velocity Meter (ADV) 

provided field measurements, as seen in Figure 1. 

 

 
Figure 1. Field measurements of the river velocity 

 

The distribution of velocity based on the entropy method along the verticals can be defined as 

(Bahmanpouri et al., 2022, a, b): 

 

max ( )
( , ) ln 1 ( 1) exp(1 ) 1... (1)
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Where U is the time-averaged velocity, Umaxv(xi) is the maximum value of U along the ith vertical, xi is 

the distance of the ith sampled vertically from the left bank, h(xi) is the dip, i.e., the depth of Umaxv(xi) 

below the water surface, D(xi) the flow depth, y is the distance of the velocity point from the bed, and 

Nv is the number of verticals sampled across the river section. M is the entropic parameter and can be 

calculated using the linear entropic relation (Bahmanpouri et al., 2023): 
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Umax surmises the maximum value of Umaxv(xi) sampled in the cross-sectional flow area. 

 

Figure 2 shows the estimation of the cross-sectional velocity distribution for the river Plitvica.  

 

 
Figure 2. Velocity distribution in the cross-profile section of the river Plitvica 

 

Leveraging linear regression techniques and rigorous evaluation metrics facilitates accurate velocity 

predictions, fostering a deeper understanding of river dynamics and facilitating informed decision-

making in water management. 
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Abstract 

This study analyzes velocity distribution and turbine power output within a hydrodynamic system  

for rivers in Croatia. An example of the data acquired from the location ‘’Dedin mlin’’ along the Plitvica 

River using Acoustic Doppler Velocimetry (ADV) will be presented in Figure 1. The linear regression 

method calculates the velocity distribution based on depth and location parameters. In fluid flow  

and hydrokinetics, a velocity of 0.5 (m/s) is often considered a low limit because available energy  

is limited, making it challenging to generate significant power [2], Figure 2.  

 
Figure 1. Velocity distribution is based on linear regression 
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Figure 2. Velocity distribution average higher than 0.5 m/s 

 

The power equation for a turbine harnessing fluid kinetic energy is expressed as: 

𝑃 =
1

2
·  𝜌 ·  𝐴 ·  𝑣3 ·  𝜂          (1) 

where P represents the turbine power (W), ρ is the fluid density in kilograms per cubic meter (kg/m3), 

A is the cross-sectional area of the flow in square meters (m2), v is the fluid velocity in meters per second 

(m/s), and η denotes the turbine efficiency, between 0 and 1. 

From Mask regions where the predicted velocity is higher than 0.42 m/s, the mean velocity is 0.5 m/s 

for an area of 1.09 m2, with a flow rate of 0.55 m3/s and a maximum power of 20.96 W. Such a power 

is relatively small but should be considered a shallow river with small flows and velocities. Various 

numerical modeling tools are available to simulate the flow around HK turbines [2]. 
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Abstract 

The occurrence of unsteady flow in pressure systems is a very common phenomenon characterized by 

secondary occurrences of significant flow and pressure oscillations in the pipeline. Such phenomena are 

usually characterized by the appearance of certain irregularities in the functioning of the pipeline and 

not infrequently cause defects in the pipeline and even large-scale accidents, especially in parts of the 

pipeline where a vacuum occurs. 

 

The goal of developing a mathematical model to analyze the occurrence of non-stationary flow is to 

conduct an analysis of an existing pressure pipeline - specifically, a siphon from an irrigation system in 

Macedonia. In this system, when a defect occurs in the pipeline, particularly in the section experiencing 

the highest pressure, the phenomenon of non-stationary flow arises - creating a significant vacuum 

within the pipeline, leading to a massive breakdown. Specifically, this concerns a steel pipeline with a 

diameter of D=1640 mm, operating at a maximum working pressure of 8.2 bar in the lowest part of the 

siphon. When non-stationarity occurs, a substantial negative pressure (vacuum) emerges, resulting in 

complete destruction of the pipeline over a length of 500 m (see figure 1). It should be noted that air 

valves are installed on the pipeline at all high points, which fail to cover the need for air to prevent the 

vacuum when the non-stationary flow occurs. 

 

     
Figure 1. Pipeline break under pressure - siphon caption heading  

 

When creating the mathematical model for unsteady flow, the basic differential equations were used: 

- Dynamic equation – equation of motion and 

- Continuity equation 

 

For which the method of characteristics was used for transforming the basic partial differential 

equations, which are not integrable in closed form, into ordinary differential equations that have closed-

form solutions. The basic equations, the continuity equation, and the dynamic equation, through linear 

combination, yield a system of two partial differential equations, which are transformed into a system 

of four ordinary differential equations and define straight lines. 
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In addition to the basic boundary conditions for this pipeline, such as the inlet and outlet channels, air 

valves, and changes in the thickness of the pipeline, a fundamental condition for a proper and accurate 

hydraulic model is the choice of the time step for the analysis. This choice determines whether the lines 

of positive and negative characteristics from the connected pipes will intersect at a single point. In this 

analysis, the approach of decreasing the time step is used, which in a way forces the characteristic lines 

to intersect at a single point. It is also important to note that in the section where the pipeline rupture 

occurs, a boundary condition is applied, such as a sudden valve opening. 

 

 
Figure 2. Profile of Syphon Makaria – extract from the hydraulic model with pressure change during pipeline 

break 

 

According to the results obtained from the mathematical model, it can be concluded that the occurrence 

of non-stationary flow because of the pipeline breakdown induces a vacuum of such magnitude that 

cannot be eliminated by the installed air valves. Consequently, the pipeline cannot withstand this 

negative pressure, leading to its failure. It is understood that during the pipeline's design phase, no one 

expected such a phenomenon to occur during its operational phase, which itself indicates that the system 

functioned for 50 years without any issues. 

 

Keywords: method of characteristics, unsteady flow, pressure pipeline, negative pressure 
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Abstract 

Arid regions are distinguished by their dry and hot climate. In these areas, water demand and water 

scarcity is always very high. Especially in the current climate change condition, this shortage is clearly 

felt by countries. In addition, arid regions are economically developing countries (mainly due to the 

agriculture and export of agricultural products) and the population is sharply increasing with comparing 

to other regions. This, in turn, leads to an even more intense attitude towards water. The main water 

consumer and waster in the region is agriculture. To rationally organize water management and to 

properly organize measures to prevent water wastage, it is necessary to analyse current climatic and 

demographic changes with effective methods and develop plans for the adoption of water management 

to these changes. 

The main objective of the study is to analyse the impact of different climatic and demographic factors 

on water discharge and water use, in order to obtain important information that will guide water 

managers in adapting to climate change. 

The area of interest is Karakalpakistan and Kharezm located in southwestern part of Uzbekistan. There 

were analysed a hydrological data of Amudarya River (income and outgoing part in Uzbekistan), 

meteorological and demographic data of the research area for 40 years. Different statistical tools were 

used to analyse long-term changes of these data and correlation with each other’s. To avoid errors in the 

research, the water discharge data of the Kyziljar (located in upper stream of river) and Darganata 

(located lower stream of river) hydrological stations were used. A statistical correlation was made 

between the discharge, the meteorological data from the Nukus meteorological station and an analysis 

of the demographic growth. 

According to the population statistics, from 1980 to 2020 population of Uzbekistan increased by average 

1% each year (1980 y.- 15.8 million inhabitants, 2020 y. – 32.12 million inhabitants). The air 

temperature of the region increased by 1.33 °C in 40 years, and correspondingly, precipitation decreased 

by 14.2 mm. The water discharge decreased by 111 m3/s in the upstream of the river and 269.78 m3/s in 

the downstream of the river (Fig.1). 

Due to the increasing population and the warming of the climate, the discharge of water and their use is 

decreasing year by year. This can be explained by the decreasing amount of water, the salinization and 

desertification of many agricultural lands in the region (Fig. 2). 

Precipitation in all cases has a positive weak correlation with water discharge (0.33) and water use 

indicators (0.35), temperature and population growth have a weak negative correlation with water 

discharge (-0.12) and water use (-0.27). This shows that the decreasing of precipitation, increase of 

temperature and the increasing of population lead to a decreasing of water discharge and available water 

use. The level of weak connectivity means that delaying factor and the impact of human activities like 

construction of hydrotechnical facilities along the river, is huge and it should be considered in the future 

action. 

Therefore, in this region, where the water shortage is very high, such indicators pose a great threat to 

water management. Our analysis showed that the situation will become more complicated if the adaptive 

system of water management is not developed in these regions. In particular, it is necessary to regulate 

the use of water in agriculture and widely implement the use of water-saving technologies. The results 

of our research serve as important information for water management specialists and organizations. 
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Figure 1. Analyse results of water discharge, population, and climatic factors for Amudarya River. 

 

 
 

Figure 2. Water use degree and climate factors 
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Abstract 

The objective of the work is twofold: improve modeling procedure of mean monthly flows prediction 

and find the appropriate way to treat small hydrological dataset, with less than 800 samples. Mean 

monthly flow is of particular importance for long-term planning in water resources management, 

therefore, simplified and robust procedure could be of benefit for both practitioners and researchers. The 

applied methodology generally consists of the following steps: 1. Dataset preparation, inspection and 

split, 2. Data analysis and treatment, 3. Selection of features, 4. Choice of models, 5. Optimization of 

model hyperparameters and creation of final model, 6. Evaluation of model. The emphasis of the work 

is on the 4th and 5th step, while the other steps will be covered briefly. Dataset was split into training, 

calibration and verification parts in ratios 40, 15 and 45 %. Chosen models are artificial neural network 

(ANN), support vector machine (SVM), histogram gradient boosting regressor (HGBR) and elastic net 

(EN). All models are supervised learning models, applied in chain modeling procedure, where 6 

successive mean monthly flows are predicted based on 18 features (climatological data and data 

describing the periodicities of flows) with 16 successive steps – 12 of which are past steps and 6 are 

future steps corresponding to the months of 6 predicted flows. Totally 288 variables were used as input. 

Genetic algorithm (GA) has been applied to select optimal model hyperparameters of each model due 

to the criteria of minimizing scaled root mean squared error. Afterwards, models with optimized 

hyperparameters were combined into different ensembles in order to maximize performance on 

calibration part of the data. The analysis was made by using training and calibration parts, while 

verification part was left unused, in order to avoid leakage of any information to the model and modelers.  

The work is the continuation of previous research in which the accuracy of ANN and SVM were 

exhaustively analysed (Berbić et al., 2017) followed by development of hyperparameter optimization 

procedure by GA and simulated annealing (Berbić et al., 2022). The mean monthly flow from 

hydrological station Vinalić (Cetina river, Croatia) is predicted based on climatological variables 

observed at near-by stations (meteorological station Knin – precipitation and temperature, precipitation 

station Vinalić – precipitation, and climatological sation Sinj – temperature, DHMZ, 2017) and flow 

periodicities calculated by fast Fourier transformation as proposed for time series forecasting (Abadi et 

al., 2015). All procedures are developed in Python environment, by using scikit-lean library (Van 

Rossum and Drake, 2009).    
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Abstract 

Reliable precipitation measurement is important for hydrological, climatological and agricultural 

purposes. A common way to measure precipitation is by using a standard tipping-bucket rain gauge. It 

is a simple, affordable and relatively reliable method of measurement. However, the shape, size and 

height of the rain gauge installation tend to be the source of various systematic and random errors. In 

recent years, many high-precision weighable lysimeters have been put into operation. The construction 

of modern lysimeters made it possible to achieve an unprecedented accuracy of precipitation 

measurement. This study compares two methods of measuring precipitation in the conditions of the 

humid continental climate of the Eastern Slovakian Lowland (Slovakia): measurement using a standard 

tipping-bucket rain gauge vs. precision weighable lysimeter. The experiment was carried out at the 

lysimeter station in Petrovce, which is operated by the Institute of Hydrology of the Slovak Academy 

of Sciences. Lysimeter measurements were chosen as the reference measurement method due to the 

higher sensitivity of the lysimeter measurement (0.01 mm versus 0.1 mm) and the much larger lysimeter 

capture area (10,000 cm2 versus 200 cm2). The tipping-bucket rain gauge used is not heated, so only 

liquid precipitation was compared. The comparative experiment lasted 4 years (2019 to 2022) with three 

winter breaks. The comparison showed that the tipping-bucket rain gauge underestimates the rainfall 

compared to the lysimeter. Cumulative precipitation for the entire monitored period captured by the rain 

gauge was 2.8% lower compared to lysimeter measurements. When comparing hourly and daily totals 

of precipitation and precipitation events, a very high degree of agreement was detected (Fig. 1). A 

comparison based on precipitation intensity showed a decreasing trend in measurement accuracy with 

increasing precipitation intensity. The results show a relatively high reliability of precipitation 

measurements using standard tipping-bucket rain gauges, when measuring liquid rainfall. 

 

 
 

Figure 1. Relationship between precipitation data obtained by tipping-bucket rain gauge (PTB) and lysimeter 

(Plys) on a daily and hourly basis and on a precipitation event basis (dashed is 1:1 line). 
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Abstract 

Measurements of soil water balance members by modern equipped lysimeters and numerical simulations 

by mathematical models belong to modern and effective methods of time-space quantification of 

hydrological processes in the system atmosphere - plant cover – soil unsaturated zone - groundwater. 

The evaporation from the soil and plants - actual evapotranspiration is a crucial element and energy 

regulator in this system. The information about the evaporation amount and intensity through plants and 

soil during the growing season is crucial for agricultural production, water management in the country 

and the design of adaptation arrangements. Measuring evapotranspiration under natural conditions is a 

complex process. It can be realized using modern lysimeters. Actual evapotranspiration calculated by 

numerical simulation on mathematical models needs to be verified via lysimeter measurements.  

For the stated reasons, the contribution is focused on the analysis of actual evapotranspiration, 

precipitation and dew hourly totals as well as water flow totals at the soil unsaturated zone lower 

boundary and changes in the specified soil volume moisture. The obtained measurements were used for 

the numerical simulation results verification on the mathematical model.  

The methods used were based on the hypothesis that the moisture change dynamics in the soil 

unsaturated zone result from interactions in the system atmosphere - plant cover - soil unsaturated zone 

- groundwater. Water balance members were obtained using lysimeter measurements, numerical 

simulations on the mathematical model HYDRUS-1D in version 4, and expressed via balance equation. 

The investigated water balance members were measured and calculated during 2017, 2018 and 2020 

with hourly and daily time steps.  

The results show that evapotranspiration exceeded precipitation totals in all observed periods by 22 % 

in 2017, 14 % in 2019 and 10 % in 2020. The resulting deficit was supplemented by groundwater and 

water storage in the soil unsaturated zone. The verification showed that the numerical simulation is 

inaccurate towards the measured flows at the soil unsaturated zone lower boundary. This inaccuracy 

was manifested in the form of higher actual evapotranspiration, which was exceeded by 12 % on 

average. Based on the results, the used model performance is evaluated as satisfactory for the soil water 

regime analysis in the East Slovak Lowland conditions. 
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Abstract 

In Algeria, catchment erosion and siltation rates are high enough to significantly reduce the water 

volumes that can be used for reservoirs. The total capacity of the dams managed by the National Agency 

for Dams and Water Transfers is estimated to be 6.2 billion cubic meters (Bm3) while the silted volume 

is estimated at 700 million cubic meters (Mm3), which is about 12%. A numerical model that can 

simulate the deposition in a reservoir as a function of the hydrologic regime is detailed. Flow 

propagation and sediment deposition rely on two dimensions shallow water equations coupled to an 

advection-diffusion equation for suspended sediment transport. 

The model was applied to Zardezas reservoir located in Northern Algeria for the period from 1975 to 

1986. Because of a lack of some data, the sediment inputs were defined using a simplified way while 

the water inputs are estimated from the peak flow discharges of the main floods and the daily discharges. 

The calculated elevation of the reservoir bottom reflects a correct trend although some details cannot be 

simulated. Therefore, this model can be used for reservoir management or for the design of new 

reservoirs. 

Keywords:  Numerical model, flood hydrograph, sediment, dam, Algeria. 
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Abstract 

The obligation to define environmental flow (E-flow) in the European Union Water Framework 

Directive (WFD) is not explicit, and the implementation of WFD is more focused on water quality. 

However, the environmental goals achievement is guaranteed by appropriate flow, sediment regime, 

and hydromorphology. Given the specific climatic, hydrographic, and hydrological conditions and the 

definition of the E-flow, most EU countries have developed procedures for investigating and 

determining the E-flow. No methodology has been developed for determining the E-flow in the Republic 

of Croatia. No legal regulation defines the E-flow downstream of a dam or water intake.  

The case study of E-flow assessment under the climate change impact is the transboundary rural Sutla 

River basin between Croatia and Slovenia, downstream of the dam Vonarje. The “biological minimum” 

downstream of the dam Vonarje was defined in the 1980s, as a flow of 120 l/s. Using the holistic 

approach (first without implementing the impact of climate change), the E-flow for the profile on the 

Sutla River was defined by linking sediment and nutrient pressures, hydrological, hydraulic, 

morphological, and ecological characteristics based on the research of the Sutla River and its biological 

communities. The final determined E-flow of 0.68 m³/s is the result of the E-flow assessment based on 

the developed innovative holistic approach presented in the paper “An Innovative Holistic Approach to 

an E-flow Assessment Model” (Ćosić-Flajsig et al., 2020). The selection of biological indicator fish 

species Barbus balcanicus, and accompanying fish species downstream of the dam was important 

because the entire Sutla River is protected as a NATURA 2000 site. The E-flow obtained by the 

hydrological method in the vegetation period, which amounts to 0.504 m³/s, had to be increased to 0.68 

m³/s to meet the requirements of Barbus balcanicus and enable the normal functioning of the ecosystem. 

Barbus balcanicus spawns between April and June, and during spawning a water depth greater than 40 

cm and a water velocity greater than 49 cm/s are required. 

Further research aims to determine the next step, which is the impact of climate change on the 

holistically assessed E-flow by modeling low flows, sediment, total N, and total P under eight future 

climate change scenarios, using Indicators of Hydrological Alterations (IHAs) and biological indicators 

for the Sutla River downstream of the dam. The model is based on an analysis of the river basin pressures 

with climate change and the occurrence of hydrological extreme impacts, as well as a program of basic 

and supplementary measures. Past, present, and future scenarios were analyzed with the Soil Water 

Assessment Tool (SWAT) based on land use, climate and hydrological data, climate change, presence 

or lack of the reservoir, and municipal wastewater and agriculture measures. In addition to the 

holistically assessed E-flow for the profile on the Sutla River for the present scenario, the holistically 

assessed E-flow for future scenarios is proposed by linking hydrological, morphological, and ecological 

characteristics based on the research of the Sutla River and the composition and abundance of biological 

quality elements. The presented research contributes to the knowledge and understanding of climate 

change impacts using long-term predictions of eight future climate change scenarios with six models 

and six different RCMs at the level of local river basin quantity (river flow) and quality (sediment load, 

total nitrogen load, and total phosphorus load) states of surface waters. This paper will present detailed 

research of the proposed methodology for E-flow assessment downstream of the Sutla River dam under 

the climate change impact, according to average monthly and annual seasonal values for flow, sediment, 

total N, and total P with IHAs and biological indicators. 
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TESTING THE PARAMETERS OF TWO-DIMENSIONAL HORIZONTAL DISPERSION 

PHENOMENON IN THE COASTAL ZONE 

PIOTR ZIMA 1 

1 Gdansk University of Technology, Faculty of Civil and Environmental Engineering, Poland, piotr.zima@pg.edu.pl 

Abstract 

Transport of pollutants with flowing waters is one of the most common processes in the natural 

environment. Pollutants are washed out of catchment areas into watercourses and then migrate with their 

waters to the seas and oceans. During this transport, they undergo numerous physical, chemical and 

biological processes and transformations. Chemical and biological processes depend on the conditions 

prevailing in a given environment. Physical processes (or rather transformations) refer to changes in 

physical properties related mainly to the state of fragmentation of a given substance. 

In general, this process is described by a system of differential equations, including the continuity 

equation, dynamic equations, pollutant transport equations and equations of state. For the analyzed 

problem of pollutant migration in the coastal zone, a two-dimensional model is particularly useful 

because the velocity and mass concentration profile is vertically averaged. In this model, taking into 

account the dispersion flux leads to appropriate equations, and the dispersion process is described by 

the dispersion tensor. Due to the transverse isotropy of the dispersion process, the coordinates of this 

tensor are expressed in terms of local dispersion coefficients along the direction of the velocity and in 

the direction perpendicular to it. Commonly used methods for determining mass dispersion coefficients 

refer to a gradient velocity profile, typical for rivers. However, in the coastal zone, the velocity profile 

changes from gradient to drift when shear stresses on the surface caused by the wind begin to dominate. 

The drift profile also occurs in estuaries, where there is a difference in the density of fresh and salt water. 

The paper analyzes the numerical solution of the two-dimensional dispersion equations in the coastal 

zone for the dispersion coefficients adopted for the gradient and drift velocity profiles. And then it was 

assessed how it affects the final result. 

The research was carried out in the Gulf of Gdańsk. Particularly convenient in terms of the conditions 

of the two-dimensional model is its part, namely the Bay of Puck. The Bay of Puck is the western branch 

of the Gulf of Gdańsk in the southern Baltic Sea, separated from the open sea by the Hel Peninsula. It 

is a shallow bay with an average depth of 3 m, with numerous shoals, no deeper than 1 m. The waters 

of several agricultural or urban-agricultural streams and rivers flow into the Bay of Puck. The mouth of 

the largest of them - Gizdepka - was selected for analysis. 

 

Keywords:  coastal waters, migration of pollutants in water, two-dimensional dispersion, mass 

dispersion, dispersion coefficients 
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Abstract 

Drought event is a multivariate phenomenon containing interactive physical linkages of meteorological, 

hydrological and agricultural droughts. So, an individual index based on single variable cannot capture 

the complexity and diversity of translational nature of drought. Thus, the primary objective of this study 

is to focus on evaluating the performance of a Combined Drought Index (CDI) that consists of four 

hydro-meteorological variables i.e., rainfall, soil moisture, Normalized Difference Vegetation Index 

(NDVI) and runoff. A vine copula is fitted to these four variables to develop CDI which contains 

comprehensive information of meteorological (rainfall), hydrological (runoff) and agricultural (soil 

moisture, NDVI) variables to comprehensively characterize the overall drought. All the four variables 

are obtained from the European Centre for Medium Range Weather Forecast (ECMWF) Reanalysis data 

(ERA5 Land). To evaluate its efficiency Indian state of Maharashtra is chosen as the study area and it 

comes under semi-arid climate of India. The constructed CDI is effective in identifying historical 

drought in SPH from 1991 to 2020 and is consistent with the four input drought indices. The CDI 

combines the merit of the rainfall, temperature in capturing the onset of drought and that of the runoff 

in capturing the end of drought which is of great value for further understanding the drought 

characteristics and mitigation. 

 

Methodology: 

The CDI is developed using a vine copula which has its exclusive structure 1, and have been more 

practical in hydrological sciences. Before adopting a copula, all the four variables are fitted by four 

marginal distributions (Table. 1) using the Akaike Information Criteria Goodness of Fit.  

 

Table 1. Marginal distributions used to fit the four hydrometeorological variables 
Distribution PDF Range 

Normal 
1

𝜎√2𝜋
exp (−

(𝑥 − 𝜇)2

2𝜎2
) −∞ < 𝑥 < ∞ 

Lognormal 
1

𝑥𝜎lnx√2𝜋
exp (−

(ln 𝑥 − 𝜇lnx)2

2𝜎𝑙𝑛𝑥
2 ) 𝑥 > 0 

Exponential 𝜆𝑒−𝜆𝑥 𝑥 > 0 

Gamma 
𝜆𝛽𝑥𝛽−1𝑒−𝜆𝑥

Γ(𝛽)
 𝑥 > 0 

 

Once the marginal distributions are fitted, three joint copula functions are fitted to the marginal 

distributions of the four variables as shown in Fig. 1. The individual copula functions used in the vine 

copula are listed in the Table. 2. 
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Table 2. Bivariate Archimedean copula functions used to fit joint distributions between the pairs of drought 

characteristics: d-s, d-p and s-p. 

Name of the Copula Copula Function 

Frank Copula 𝐶(𝑢, 𝑣) =
−1

𝜃
ln (1 +

(𝑒−𝜃𝑢 − 1)(𝑒−𝜃𝑣 − 1)

𝑒−𝜃 − 1
) , 𝜃 ≠ 0 

Clayton Copula 𝐶(𝑢, 𝑣) = [max(0, 𝑢−𝜃 + 𝑣−𝜃 − 1)]
−1/𝜃

, 𝜃 ≥ 0 

Gumbel Copula 𝐶(𝑢, 𝑣) = 𝑒[(−𝑙𝑛𝑢)𝜃+(−𝑙𝑛𝑣)𝜃]
1
𝜃

, 𝜃 ≥ 1 

 

 

 

 

 
Figure 1. Graphical scheme of four-dimensional vine copula structure with three trees and marginal 

distributions of four variables: 1) rainfall, 2) soil moisture, 3) NDVI and 4) runoff. 

 

Keywords:  Combined Drought Index, Copula, Marginal Distributions, Droughts, Reanalysis Data, 

Hydrometeorological variables. 
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IN SERBIA 

ALEKSANDRA ILIĆ1, DRAGAN RADIVOJEVIĆ2, BORKO RADIVOJEVIĆ3, ILIJA ILIĆ4 

1 Dr., Assistant Professor, Faculty of Civil Engineering and Architecture Niš, Serbia, aleksandra.ilic@gaf.ni.ac.rs 
2 Dr., Assistant Professor, Faculty of Civil Engineering and Architecture Niš, Serbia, dragan.radivojevic@gaf.ni.ac.rs 

3 MSc, PhD candidate, Faculty of Civil Engineering and Architecture Niš, Serbia, borko.radivojevic@yahoo.com 
4 MSc, PhD candidate, Faculty of Civil Engineering and Architecture Niš, Serbia, ilija20ilic@gmail.com 

Abstract:  

In June of 2023, Europe was hit by heavy rainfall, causing torrential water streams to overflow from the 

river bed. Extreme floods also hit Serbia, which caused great damage. 

Currently in Serbia, the E-761 highway is under construction which route stretches along the West 

Morava valley in Western Serbia and crosses several torrential watercourses. One of the watercourses 

is the Toponička River, which is very specific due to its geomorphological characteristics (Fig. 1). It is 

also specific in its position in relation to the inhabited and agricultural areas through which it flows. 

 

 
Figure 1. The Toponička River basin according to DEM and orthophoto map 

 

In this paper, the flood flows regime of the Toponička River is analyzed for three approaches. The first 

approach refers to the delineation of the watershed using a digital terrain model (DEM) and topographic 

and orthophoto maps (Fig. 1). The second approach takes into account all the sub-basins obtained based 

on consideration of the water path (Fig. 2). Finally, the third access overlooks the Toponička River basin 

to the constructed highway E-761 (Fig. 3). 

The analyses result in computational flow hydrographs. All hydrological models were conducted using 

the HEC-HMS software. 
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Figure 2. The Toponička River sub basins Figure 3. The Toponička River sub basins with motorway E-

761 
 

Flood hydrographs for all considered sub basins are shown at Figure 4 for 1% probability of occurrence. 

The results of water balance according to 100 yr. flood hydrograph volumes are presented in Table 1.  

 

 
Figure 4. The Toponička River flood hydrographs for 1% probability of occurrence 

 
Table 1. Water balance according to 100 yr. flood hydrograph volumes 

 Toponička SB1 SB2 SB3 SB4 SB5 SUM SB1H SB2H SB3H SUMH 

Q1% 

(100 y) 836,342 434,369 186,362 218,288 5,682 41,486 886,187 409,800 163,304 65,595 638,699 

W(m3) 

 

According to presented results it can be concluded that the route of the motorway E-761 presents, 

conditionally speaking “dam” for runoff from the Toponička river basin and changes its direction that 

moves laterally (left and right) to accumulate along the length of the structure within whole basin. It is 

necessary to re-design the surface water drainage concept in the area of the E-761 motorway within the 

area of the Toponička river basin. 

 

Keywords:  heavy rainfall, flood water regime, man-made impacts, hydrograph, HEC-HMS 
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Abstract 

This study aims to investigate the vulnerability to water erosion in the Isser basin, located in northern 

Algeria, through an integrated approach combining geospatial data and machine learning techniques. 

Water erosion poses a significant challenge to the sustainability of agricultural lands by reducing their 

productivity and causing crop losses, biodiversity loss, and water quality degradation through the 

transport of eroded sediments to watercourses, lakes, and reservoirs in Mediterranean basins, notably in 

northern Algeria, where it can lead to significant losses of fertile soil and environmental damage. 

In this research endeavor, our objective is to accurately map areas prone to water erosion to better 

understand its spatial distribution and identify factors contributing to its propagation. To achieve this, 

we amalgamate diverse geographical data, including topographic, hydrological, climatic, and geological 

data obtained from multiple sources and integrated into a Geographic Information System (GIS) 

environment. Utilizing advanced machine learning techniques, we aim to develop robust predictive 

models to estimate the likelihood of water erosion occurrence in the Isser basin. These models were 

calibrated and validated using historical erosion data as well as data from field observations and satellite 

imagery. 

Ultimately, the findings of this study will furnish critical insights to policymakers and local authorities 

to devise sustainable water and land resource management strategies aimed at safeguarding agricultural 

activities against the adverse effects of water erosion. By employing a data-driven approach and cutting-

edge technologies, we aspire to contribute to a better understanding of erosion processes and informed 

decision-making regarding environmental management in the Isser region and beyond. 

 

Keywords:  Mapping Erosion, Machine Learning, GIS, Agricultural Lands, Water Quality, Isser 

Basin, North Algeria. 
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Abstract 

Adaptation to climate is an actual topic, namely for water managers. One of the technical measures is a 

realization of water reservoirs providing water reserve during the dry periods and helping to attenuate 

extreme flood events. For the territory of the Czech Republic, the Water Management Plans (WMP) 

have specified the appropriate localities where territorial protection for future dam construction has been 

adopted. However, the opinion on the number of protected localities has changed over time. The number 

of localities was reduced in the updates of WMPs until 2020 when the number was slightly increased.  

In Tab. 1 the numbers of protected localities in particular principal river catchments in the Czech 

Republic are mentioned. Since 2011 the protected localities have been specified within the Master Plan 

"Localities for Accumulation of Surface Waters" (LASW). 

 
Table 1. The numbers of protected localities  

River basin WMP 1975 WMP 2000 LASW 2011 LASW 2020 

VLTAVA 145 60 23 28 

ELBE 99 34 13 14 

OHŘE 46 16 6 9 

MORAVA 122 64 20 30 

ODER 45 12 3 5 

TOTAL 457 186 65 86 

 

In the last issue of the Master Plan "Localities for Accumulation of Surface Waters" (LASW) only basic 

technical and water related data are mentioned for the protected localities. For the practical use, 

modelling of the climatic changes and the search for adaptation tools, more detailed information about 

individual dams and reservoirs are needed. To fit these requirements five localities were chosen for more 

detailed technical solution. The localities are Borovnice, Kuřimské Jestřabí, Vysočany, Brodce, Plaveč 

and Bělkovice (Fig. 1).  

 

For each locality, the solution consisted in following steps: 

- analysis of available documents: information taken from WMP and LASW, engineering geology 

(geological a hydrogeological maps, database of boreholes), hydrological data, land use, 

environmental issues and other, 

- dam site specification, location of the dam axis, 

- basic characteristics of the scheme (dam type and height, reservoir volume, extent of the reservoir area, 

storage-area-elevation dependence, minimum residual flow), 

- hydraulic calculations (bottom outlets, emergency spillway, estimate of hydropower output), 

- reservoir water management (storage characteristics, water balance, flood attenuation), 

- concept of operation rules for the scheme. 

 

In the paper the procedures described above are demonstrated on the Bělkovice scheme (Fig 2).  
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Figure 1. Location of selected reservoirs 
 

Figure 2. Bělkovice scheme – reservoir area and storage-area-elevation curves 

In conclusion the summary of effects of individual schemes is shown in Tab. 2. 

Table 2. Basic effects and benefits of reservoirs  

Benefits of dams Borovnice Kuřimské Jestřabí Vysočany Brodce Plaveč Bělkovice 

Required water supply security [%] 98.50 98.50 98.50 98.50 95.00 98.50 

Secured take-off discharge [m3/s]  0.650 0.400 0.567 0.265 0.200 0.421 

Hydropower output [kW] 100 120 187 42 27 35 

Transformation of peak flood discharge inflow/outflow 

Q100 [m3/s]  89/78 66/50 78/48 33/23.50 54/50.22 44.70/30.73 

Q1000 [m3/s]  171/158 115/96 135/107 66.70/52.7 119/112.1 67.20/57.83 

Conflicts  

Flooded buildings [pcs] 23 27 5 29 17 18 

 

The analysis showed that take-off discharge up to 2.5 m3/s can be withdrawn from all studied reservoirs 

in total. All reservoirs are considered as potential sources of drinking water. The specified amount would 

supply drinking water up to for 1.8 million inhabitants in the region. 

 

Keywords:  Climate change, protected locality for water storage, water management planning, water 

reservoir, dam. 

 

This article was elaborated with the support of project FAST-S-24-8513 - „Analysis of the influence of 

input variables on the results of numerical models used in the safety assessment of water structures“. 
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Abstract 

The mineral water in the Spa Teplice on Bečva springs into the Bečva river bed out of the hypogenic 

karst formed by Paleozoic limestones. Recently the focus on the hydrological and hydrogeological 

conditions of the mineral springs issues from the planning of the Skalička dam whose reservoir is 

believed to be interconnected with the karstic formation and may influence the regime of mineral waters. 

One of the related particular problems is to determine the discharge of the rising mineral water which 

springs into the Bečva river in the vicinity of the Spa Teplice on Bečva. For the estimate of the natural 

yield of the thermal water several methods were applied. One of them was hydrometric measurements 

by the classical current meter and measurements using the ADCP (acoustic Doppler current profiler). 

Several problems arised during the evaluation of measured data. 

 

 

Fig. 1 Location of gauging profiles and example of zone of mineral water springs into the Bečva river 

 

Mineralization of the water is being monitored especially in the intake wells. The springs of mineral 

water to the Bečva river can be documented visually at number of zones in the river (Fig. 1). 

Hydrometric measurements were carried out in 4 campaigns. Figure 1 shows location of gauging profiles 

of hydrometry. There were four main profiles, profile at permanent gauging station run by czech 

hydrometeorologic institute and two additional profile for other types of measurement. 

the Hranice Abyss 

the Zbrasov 
aragonite cave 

Spa Teplice nad Becvou 
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Figure 2 shows the values obtained in comparison with the average flow recorded at the time of 

measurement at the Teplice nad Bečvou gauging station (GS). It can be seen that the hydrometric values 

are systematically 10 to 15% higher than those obtained at the Teplice and Bečvou gauging station. 

 

 
Fig 2. Results of individual flow measurements 

 

The upward flow rate was estimated using hydrometry approach for 80 to 120 l/s. The absolute 

deviation in the values of the upward flows obtained is around 20 l/s for low and up to 40 l/s for higher 

flow in the Bečva river. 

 

Keywords: karstic, mineral spring, hydrometry, conductivity, hydraulic gradient. 
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Abstract 

The North-Western Sahara Basin (NWSAS) comprises two main aquifers: the deep “Continental 

Intercalaire” (CI), and the “Complexe Terminal” (CT). With a surface area of approximately 1 000 000 

km2, the CI extends across three countries, Algeria, Tunisia and Libya and constitutes one of the largest 

groundwater systems in the world. This resource is generally considered as being “fossil”, i.e. inherited 

from previous climatic conditions, more humid than at present, with a very limited modern recharge. 

For a long time, hydrogeologists and managers of water resources in arid areas have been asking the 

same question: Do these large reservoirs receive a modern recharge?  If yes, at what rate? 

The present paper reviews the contribution of the isotopic tools methodology as applied to the 

groundwaters of these huge aquifers. Water transfers through the unsaturated zone were investigated in 

order to compute steady-state groundwater recharge rates and evaporative losses. 

Many sites have been investigated during the last twenty years: Béni-Abbès, Chott Chergui, Ouargla, 

El-Oued in Algeria and Tozeur, Dissa in Tunisia within the framework of separate studies. These 

investigations aimed at estimating evaporation rates based on unsaturated zone stable isotopes profiles. 

This was implemented making use of the deterministic model developed by Barnes and Allison (1982). 

The evaporation and recharge rates obtained for a 10 m unsaturated soil profile varied between 1 and 

10mm/a. The main objective of the present study is to gather all these data and to examine how they 

may be interpreted in terms of recharge rate, evaporation losses can help the water managers of the 

involved countries to develop or refine appropriate models. This should facilitate the implementation of 

a trans-boundary integrated management of the shared resources.  

 

Keywords:  stable isotopes, aquifer, modelling, Evaporation, Recharge, Sahara 
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Abstract 

The intensity and frequency of extreme flood events can accelerate morphodynamic changes in rivers 

and expose bridges to a high risk of local scour, which is one of the most common causes of bridge 

failure. In practice, the prediction of scour depths is subject to considerable uncertainty due to the 

variability of different influencing factors such as bridge structures, river morphology and flow 

behavior. In this paper, a framework for estimating local scour around bridges was established by 

performing a statistical analysis of historical annual maximum discharge in combination with a Monte 

Carlo simulation. First, different univariate probability distributions of the historical annual maximum 

discharge were tested with several goodness-of-fit tests to reduce the uncertainties associated with the 

different factors influencing scour behavior. Subsequently, a Monte Carlo simulation was used to 

generate a larger data set of annual maxima based on the fitted distribution and its parameters, which is 

later used as input to a previously developed HEC-RAS model of the study area and an empirical 

equation to determine the local scour around bridge piers. The research methodology was demonstrated 

using a case study of a bridge in Zagreb, Croatia, with flow data from the Zagreb gauging station 

provided by the Croatian Meteorological and Hydrological Service. The aim of this study is to 

complement the ongoing research of the relationship between climate change indicators, flood wave 

characteristics and scour development next to the bridges crossing large rivers in Croatia with installed 

scour countermeasures within the R3PEAT project (Remote Real-time Riprap Protection Erosion 

AssessmenT on large rivers).  
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Abstract 

In frame of the project ‘Status improvement of wetland of Klátov branch National Nature Reserve 

(NNR)’, financed from the Norwegian financial mechanism, was the task of the Department of 

Hydraulic Engineering as co-researcher partner to find a solution for possible revitalisation of the water 

regime of the more than 30 km long Klátov branch. The Klátov branch was in the beginning of the 20th 

century dammed and thus cut off from the surface water source – the Little Danube. It happened after 

disastrous floods in 1897, and especially in 1899. Since then, the only source for the Klátov branch has 

become groundwater. This has resulted in the water in the Klátov branch being extremely clean and has 

a high ecological value. As the groundwater level in the area between the Danube and the Little Danube 

has dropped significantly in recent years, the water regime of the Klátov branch has also been affected. 

The paper deals with the hydraulic solution of indirect inflow of surface water from the Little Danube 

with possible infiltration into the Klátov branch. The basis for the solution was the analysis of 

hydrological, hydropedological, hydrogeological, morphological and biological characteristics of the 

area in Klátov branch NNR, which were complemented by own measurements of hydraulic parameters 

in the flow of the Klátov branch and its tributaries. Considering the proposed technical solution of the 

recharge of the Klátov branch from the Little Danube by filtration through the "seepage tanks" in the 

upper section of the Klátov branch, these documents were supplemented by infiltration experiments 

measuring the intensity of surface water seepage into the bedrock of the Klátov branch bed, on the basis 

of which the actual system of the process of seepage (seepage tanks, large-scale seepage experiment) of 

the Little Danube water into the Klátov branch was designed. 

Another important basis was the digital terrain model taken from the Basic Database for Geographical 

Information System (ZBGIS), which was supplemented within the project by data from the detailed 

digital surveying of the Klátov branch riverbed with the related bathymetry (measurements of water 

depths in the Klátov branch). 

These background materials served as input data for the analysis and forecast of the flow and level 

regime of both surface water in the Klátov branch and groundwater in the immediate vicinity of the 

Klátov branch. On the basis of the calibration of the 2-D mathematical model of the water level and 

flow regime in the Klátov branch, it was possible to develop several scenarios of water recharge to the 

Klátov branch and related possible morphological modifications of the channel in order to improve the 

flow velocity regime in order to set the bed sediments in the stream in motion. The proposed solutions 

are in line with the conclusions of the biological study, which indicated that the revitalisation measures 

have a high potential for improving the ecological status and that restoring the dynamics of the water 

regime in the affected area would mean at least approaching the environmental conditions that existed 

in the Klátov branch before it was cut off from the Little Danube River. 

 

Keywords:  Klátov branch, surface water recharge, infiltration experiment, 2-D mathematical 

modelling, interaction between surface and ground water, revitalisation measures 
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Abstract 

Changes in precipitation regime, besides changes in air temperatures, are one of the main climate change 

impacts on a global scale. They can be recognized on annual and even more seasonal levels causing 

drought and flood events frequently. This paper focuses on precipitation which is the most important 

and most common parameter for drought analysis, regardless of the used index for drought calculation. 

To contribute to the knowledge of drought phenomena in Croatia, the changes in precipitation over a 

relatively long period between 1951 and 2022 were analyzed. The meteorological stations included in 

the research were Osijek, Zagreb, and Split, which represented the climate of the entire country. In the 

Osijek region, there is a typical continental climate, in the Zagreb region there is a continental climate 

with the influence of maritime climate and in the Split region, there is a Mediterranean climate.  

The locations of stations, as well as basic information relevant to the analysis, are shown in Figure 1. In 

the Osijek, the easternmost station, annual precipitations are the lowest compared to Zagreb and Split, 

and in Zagreb are the highest. It is 680 mm, in the Zagreb region, mean annual precipitation of the same 

period is 863 mm and in the Split region is 810 mm.  

 

 
Figure 1. Study area with basic data of meteorological stations, mean air temperature and precipitation 

sum for the analyzed period 
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Besides their great geographical differences, previous investigations show some similarities in drought 

occurrence.  Precipitation is tested for homogeneity using the standard normal homogeneity test (SNHT) 

on an annual and seasonal basis. On an annual basis, there is no inhomogeneity but on the seasonal level 

there is inhomogeneity only in the precipitation record of the Zagreb station during autumn. The 

existence of significant temporal trends was tested using the non-parametric Mann–Kendall trend test. 

It showed negative but not significant trends in the winter and spring months in all three regions. 

Significant decreasing trend is observed in summer period in Zagreb and Split region. Increasing trend 

of precipitation is observed in autumn in the Osijek and again in the Zagreb region.  On annual basis all 

three stations have decreasing, but not significant trend.  Despite of differences, in geographical features, 

there are rather similar and even unexpected precipitation regime. Extreme hydrological events such as 

floods and droughts are very frequent, what requires complex water management system. 

 

Keywords:  Mann-Kendal test, precipitation, SNHT, Split, Zagreb, Osijek 

 

  



 

WMHE 2024 18th International Symposium on Water Management and Hydraulic Engineering 
 

 

62 
 

 

WATER CRISIS OF THE PONDS IN KOPAČKI RIT WETLAND 

SINIŠA MARIČIĆ 1, ŽELJKO ŠRENG 2  

1 Faculty of Civil Engineering and Architecture Osijek, Croatia, smaricic@gfos.hr 
2 Faculty of Civil Engineering and Architecture Osijek, Croatia, zsreng@gfos.hr 

Abstract 

Kopački rit, a protected wetland area where the Drava and Danube rivers converge, is subject to 

regulatory measures and flood prevention efforts. Human activities in the Danube basin have altered its 

water dynamics, and climate change impacts are evident. The health of its flora and fauna hinges on its 

surface water condition. 

This study examines hydrological data, particularly water levels, as indicators of Kopački rit's water 

condition. The water level in its central area, Kopačevo Lake, closely correlates with nearby levels at 

gauges along the Drava (Osijek) and Danube (Apatin and Aljmaš) rivers. These levels inform about the 

extent of flooding, indicating habitat variations. Water level analysis reveals significant changes over 

time, including shorter flood durations and prolonged drought periods. High water events are more 

pronounced and occur at unusual times. These changes are represented by the annual regime of the 

characteristic water levels and the duration curve of average daily water levels, for three consecutive 

periods (30-40 years).  

These trends suggest a water crisis, emphasizing the need to preserve wetland values and plan 

accordingly. Historical considerations of water management interventions underscore the importance of 

revisiting strategies. Recent data, particularly from 2022, highlighting adverse trends, should prompt 

reevaluation of risks, vulnerabilities, and adaptation measures to address climate and other chages. 
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Abstract 

In order to secure a sustainable water supply and reduce detrimental effects on ecosystems, it is 

imperative to quantify the impact of climate change on surface water resources and develop appropriate 

adaptation methods. This study analyzes the impact of climate change on the streamflow regime of the 

Hron river basin, located in the central part of Slovakia. In this regard, the downscaled output from two 

climate scenarios, namely KNMI (Koninklijk Nederlands Meteorologische Instituut) and MPI (Max 

Planck Institute) regional climate models (RCM), was used as input to the conceptual TUW (Technische 

Universität Wien) model. Accordingly, we first split the long-term observed data during 1981–2020 into 

four 10-year periods. Then, the hydrological model was calibrated using observed data during 2011–

2020, due to the greater similarity of the climate conditions in this period with the recent climate, and 

validated in the 1981–2010 period. Thereupon, the streamflow was predicted for future periods (2011–

2040, 2041–2070, and 207–1100) and compared with both observed and simulated streamflow in the 

base period (1981–2010). The results indicated that the hydrological model performed well in both 

calibration and validation periods based on Nash-Sutcliffe efficiency (NSE) around 0.80. Given the 

analysis of long-term mean monthly streamflow based on both climate scenarios, the peak flows will 

mainly happen in March and April during future periods. Furthermore, the trend of streamflow variations 

has dropped in warm seasons and risen in cold seasons. The results would be helpful in developing 

sustainable water resource management strategies. 

Keywords:  RCM models, rainfall-runoff modeling, climate change, Hron River basin 
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Abstract 

Drought is often characterized as a creeping phenomenon due to the rainfall deficit or a decrease in 

water shortages in a given period. Its typical slow onset development can pose severe risks to agricultural 

produce, natural ecosystems, economies and communities. Nevertheless, droughts can manifest rapidly 

due to extreme atmospheric anomalies coupled with minimal precipitation persisting over a few weeks. 

Recent studies have highlighted that drought can rapidly take shape under these exceptional atmospheric 

conditions, leading to “flash droughts” to denote their swift onset. It has become challenging to agree 

on a definition for flash drought. Nonetheless, the two primary characteristics that define it are the rate 

of intensification, or “flash”, and the water deficit, or “drought”. The rapid onset of flash droughts poses 

a significant threat to the agricultural and environmental sectors, leading to significant crop losses and 

deterioration of vegetation health, leaving little time for drought preparedness and mitigation measures. 

In addition to numerous hydrometeorological factors, soil moisture is considered a valuable measure of 

flash droughts due to its strong correlation with plant development. Soil moisture properties are easily 

observable and vital aspects of drought events. Advancements in remote sensing methods have 

facilitated the widespread use of satellite observations, providing regular updates on surface soil 

moisture changes over large geographic areas. A study in Central Europe revealed that flash droughts 

impact agriculture, affecting key crop stages. Their rise in occurrence is primarily driven by precipitation 

deficits, rising maximum temperatures, and alternations in anticyclonic patterns. This study also focuses 

on Central Europe, especially in Slovakia and specifically in the Danubian Lowland (DL), located in 

western Slovakia, as this region is one of the most critical regions for agriculture in Slovakia. This study 

aims to identify the flash drought events characterized by the rate of intensification using soil moisture 

data retrieved from Advanced SCATterometer (ASCAT) from 2007 to 2019. We define a flash drought 

event as the decline of soil moisture percentile from above the 40th percentile to the 20th percentile in 

no more than 21 days (3 weeks). Two critical factors were considered: one refers to the rate of 

intensification (RI), and the other is the actual soil moisture limitation to be classified as drought. The 

RI equation computes the average change in soil moisture over consecutive time intervals. It calculates 

the difference in soil moisture between each pair of consecutive data points t(i+1) and ti, divided by the 

time interval duration between those points. This process is repeated for all data points, and then the 

average of those values is taken. The calculation also includes a constraint that specifies that the 

minimum soil moisture value observed in the dataset must be less than or equal to 20%. The final stage 

involves applying a threshold to the RI values to pinpoint the most significant events over the years. On 

this basis, flash droughts over Danubian Lowland during 2007–2019 were identified according to the 

intensification rate of soil moisture percentile. Finally, the spatiotemporal patterns and the evolutionary 

process of flash droughts were analyzed. 
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Abstract 

As the quality of life has been improved and the number of people increases on a global scale, the 

demand for high-quality drinking water is also growing. On the other hand, more intensive economic 

development and the associated emission of pollutants into the environment are placing increasing 

pressure on all components of the environment, including aquifers. With this in mind, it is very important 

to establish a functioning groundwater quality control system that carries out daily analyses so that a 

timely response can be made in the event of sudden pollution. However, it is equally important to 

monitor the quality of groundwater over the long term, as such analyses are very effective in revealing 

changes in trends over specific time intervals. With the aim of preserving groundwater resources, a 

statistical analysis of the quality of groundwater at the Bartolovec wellfield in Varaždin County in 

Croatia was carried out in this paper for two periods: 1994-2008 and 2009-2023. The values for five 

parameters of water quality were analysed: pH value, electrical conductivity, KMnO4 consumption, 

chloride and nitrate concentration. The time series of the annual averages were formed and the associated 

trends were analysed. A correlation analysis was carried out by time period and the relationship between 

same quality parameters at different wells was analysed. The correlation between different quality 

parameters at the same wells was also analysed. For the all quality parameters for both periods the 

arithmetic means were calculated and mutually compared and the statistical significance of difference 

was calculated. Although new methods have been developed and used in water resources management 

in recent years, the results obtained in this paper still show the importance of conventional statistical 

methods, the results of which still provide important conclusions. 
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Abstract 

In Fiji, the dual challenges of ensuring reliable water supply and managing flood risks are paramount 

due to its unique geographical and climatic conditions. This study investigates the current status of water 

supply demand and flood prevention measures in Fiji, identifying critical gaps and proposing sustainable 

development strategies tailored to the local context. Through field surveys, GIS mapping, and 

hydrological modeling, the research quantifies the current and projected water demand across urban and 

rural regions, juxtaposed against the frequency and severity of flood events over the past two decades. 

The research reveals a pressing need for an integrated water resource management (IWRM) approach 

that enhances water infrastructure to meet increasing demand due to population growth and tourism and 

strengthens resilience against climate-induced extreme weather events. The paper will show a multi-

tiered strategy involving adopting advanced water-saving technologies, improved forecasting and early 

warning systems, community-based adaptation practices, and robust regulatory frameworks. 

Additionally, the paper explores the potential of green infrastructure and renewable energy sources as a 

nexus for water supply enhancement and flood mitigation. Recommendations are tailored to various 

stakeholders, including local governments, international donors, and community organizations, 

underscoring the need for collaborative efforts in policy implementation and capacity building. The 

findings aim to contribute to the sustainable development goals (SDGs), particularly ensuring clean 

water and sanitation (SDG 6) and climate action (SDG 13), offering a blueprint for other Pacific Island 

nations facing similar challenges. 
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The Danube has the most international river basin in the world: it stretches over 2,800 km across Europe. 

The Danube Basin covers an area of over 800,000 km2. The drainage area of the Danube is also 

influenced by two major mountain chains: the Alps and the Carpathians. Water management is therefore 

a central issue to the Danube Region, as water does not recognize borders and its management requires 

strong coordination and cooperation. 

The EU Strategy for the Danube Region (EUSDR) is a macro-regional strategy adopted by the European 

Commission in December 2010 and endorsed by the European Council in 2011. The Strategy was jointly 

developed by the Commission, together with the Danube Region countries and stakeholders, in order to 

address common challenges together. The Strategy seeks to create synergies and coordination between 

existing policies and initiatives taking place across the Danube Region, it is not about funding but closer 

cooperation! 

The area covered by the Strategy unites nine EU Member States (Austria, Bulgaria, Croatia, the Czech 

Republic, Germany, Hungary, Romania, the Slovak Republic and Slovenia) and five non-EU countries 

(Bosnia and Herzegovina, the Republic of Moldova, Montenegro, Serbia and Ukraine), which is home 

of about 115 million inhabitants. 

The scope of Strategy is divided into four major thematic fields (Pillars): connectivity, environment 

protection, building prosperity and security, reflected in thematic priority areas (fig.1.), jointly 

coordinated by designated institutions in the EUSDR countries, namely Priority Area Coordinators. 

Pillar I. – Connectivity consist of four priority areas: 1A Waterways Mobility, 1B Rail-Road-Air 

Mobility, 2 Sustainable Energy, 3 Culture and Tourism. Pillar II - Environment Protection is covered by 

priority areas: 4 Water Quality, 5 Environmental Risks, 6 Biodiversity and Landscapes, Quality of Air 

and Soils. The third pillar “Building Prosperity” is composed of priority areas 7 Knowledge Society, 8 

Competitiveness of Enterprises and 9 People and Skills. The last pillar IV is focused on Security and is 

built by priority area 10 Institutional Capacity and Cooperation and 11 Security. 

 

 
 

Fig. 1 – Structure of EU Strategy for Danube Region - Pillars and Priority Areas (https://danube-region.eu/)  

 

Hungary, together with Slovakia coordinate Priority Area 4 (PA4) “water quality” with the aim to ensure 

integrated water management towards reaching the good quality of waters in the Danube River Basin. 

The activities of PA4 are supported by Danube Region Programme.  

Decision making body of the Priority Area is the Steering Group, comprised of representatives from all 

Danube Region countries. The objective of PA4 is reached via implementation of its Action Plan, which 

was revised in 2020 to align it with the new priorities and challenges of the region and better link the 

Danube strategy’s actions with the new EU priorities, i.e. such as the European Green Deal. The 
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activities of PA4 , see https://waterquality.danube-region.eu/. 

The new Action Plan of PA4 comprise of 7 actions: 

Action 1: HAZARDOUS & EMERGING SUBSTANCES: Promote monitoring, prevention and 

reduction of water pollution deriving from hazardous and emerging substances (EU priority substances 

and watch list candidates as well as Danube basin specific pollutants candidates and others e.g. micro 

plastics-plastics, pharmaceuticals, PFOS).  

ACTION 2: WASTE WATER: Continue boosting major investments in building, upgrading, 

maintaining and rehabilitating urban wastewater treatment facilities and promote alternative collection 

and treatment of wastewater in small rural settlements, including measures to build capacity at the 

regional and local level across the Danube basin.  

ACTION 3: WATER & AGRICULTURE: Promote prevention and reduction of diffuse pollution, 

promote nutrient retention, smart irrigation and water reuse, foster and develop an active process of 

dialogue and cooperation between authorities responsible for agriculture and environment to ensure that 

measures are taken to address diffuse pollution and ensure smart water use  

ACTION 4: DRINKING WATER: Promote measures aimed at reducing knowledge deficits related to 

protecting water resources and safeguarding drinking water supply.  

ACTION 5: MIGRATORY FISH: Promote measures to enable fish migration in the Danube River basin 

ACTION 6: CLIMATE CHANGE: Promote measures to adapt to climate change impacts in relation to 

water quality and quantity.  

ACTION 7: TOOLS: Enhance cooperation, increase and exchange knowledge and secure financing to 

water quality measures in the Danube Region. 

In 2022, priority areas identified the Danube Strategy Flagships projects or processes, which contribute 

to the implementation of the EUSDR, have a clear macro regional dimension and a multi-level 

governance approach. They are of high importance for the Danube Region’s economic, social, and 

territorial cohesion and for improving the quality of life in the Danube Region. In the case of EUSDR 

PA4 three flagship processes were identified: climate change, migratory fish conservation, and 

emerging/hazardous substances. 

EUSDR PA4 cooperates at developing new project ideas, facilitates project partnerships and supports 

implementation of projects related to various water management issues. The projects from several 

financial mechanisms address different issues like coordinating sediment management, preparing a 

Tisza-Danube integrated action plan to eliminate plastic pollution of rivers; managing and restoring 

aquatic ecological corridors for migratory fish species; tackling hazardous substances pollution in the 

Danube River; etc. Apart from projects financed by the Danube Transnational Programme (e.g. 

JoinTisza, DanubeSediment, DriDanube, Danube Hazard mc3, IDES, SIMONA, MEASURES, Tidy 

Up, Water Balance, etc.); PA4 supports the implementation of projects financed by other programmes, 

such as INTERREG Central Europe, Horizon2020, LIFE and CBC programmes (e.g. DEEPWATER-

CE, FRAMWAT, MICACC; Danube4all, LIFE Living Rivers, etc.). 

By capitalisation of project activities, results and outputs, PA4 seeks synergies and common benefits for 

Danube region. 
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Abstract 

The Rye Island is an important agricultural area and an important source of quality drinking water in 

Slovakia. Considering the WEF nexus and consequences of climate change, by implementing 

appropriately chosen measures, optimal and sustainable conditions for water management can be 

created, thereby strengthening the competitiveness of agriculture, ensuring food security and reducing 

the risks resulting from ongoing climate change. The Rye Island channel system, with its damming and 

dividing structures and pumping stations, can now be considered as multi-purpose. While in the past it 

was built for the purpose of draining waterlogged soils, especially in the wet spring season and during 

floods, nowadays an equally important purpose is related to irrigation in the dry growing season and to 

regulating the water level regime, such as the necessary distribution of water between drainage areas. 

The paper documents the identification, quantification and optimal use of potential water sources for 

irrigation purposes, along with their distribution in the necessary quantity through the existing drainage 

channel system to the irrigation pumping stations. The main result of our work is a proposal for the 

division (balancing) of water flows (Figure 1) by means of the existing damming and dividing structures 

on the main skeleton of the drainage system of the Rye Island, ensuring sufficient distribution of water 

to the pumping stations located in the immediate vicinity of the main skeleton of the drainage channel 

system. 

 

 
Figure 1. Distribution of water flows in the main skeleton of the Rye Island drainage channel system assuming a 

total inflow of 9 m3.s-1 
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To achieve these results, several field measurements were conducted to determine the water level and 

flow regime, as well as assessing the conditions and basic parameters of the damming and division 

structures. These measurements were carried out simultaneously with the study of the project 

documentation of the channel system and archive studies on the drainage channel system conducted by 

the Water Research Institute in the past. 

 

Keywords:  Rye Island, channel system, drainage channels, balancing of water flows, pumping 

stations, irrigation 
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Abstract 

In Slovakia, the issues of available water resources and the coverage of human water needs were treated 

as a comprehensive water management issue most recently in the document General of Protection and 

Rational Use of Water, 2002. In the following years, river basin management plans were developed in 

the spirit of the WFD, which places greater emphasis on maintaining or restoring good water status. The 

needs and trends in water use appeared in the strategic documents partially, among other sectors, or on 

a too general level. While water protection belongs to the environmental sector, the water use has mainly 

an economic and water supply also a social character, which makes this issue cross-cutting. 

Since 2020, Slovakia has ranked drought and water scarcity among the significant water management 

issues related to climate change. The most typical consequence of climate change is a less even 

distribution of precipitation over time, i.e. greater extremes and shifts of seasons during the year. This 

encourages not only to better understanding of the trends related to drought.  

As part of water scarcity prevention and planning, it is necessary to quantify water needs and 

possibilities of their coverage in the best possible way. We need to know the available retention 

capacities or plan new ones. It is necessary to establish priorities in water use. It is also necessary to 

know the position of the ecological flow among these priorities. A systematic, methodologically uniform 

approach and a good information system are essential in issuing permits. In geographical areas identified 

as deficient or vulnerable, it is necessary to plan specific solutions and allocate funds for it. 

The poster gives an overview of water scarcity management in Slovakia - current legislation and 

strategic documents, available databases, methodological approaches, as well as the identified gaps, 

challenges and possibilities. 

 

Keywords:  water scarcity, water resources management, climate change, water allocation, 

prevention 
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Abstract 

The requirement for the implementation of e-flow, as described in the EC Guidance Document No. 31 

Ecological flows in the implementation of the Water Framework Directive, was in Slovakia defined 

already in river basin management plans in 2015, through the program of measures for improving the 

status of surface water bodies. However, so far, other variables have been used in practice, representing 

minimum residual flows, and the methodology for determining e-flow in the conditions of the Slovak 

Republic was finalized only in 2023. 

The starting point for the new methodology was the ambition to support the objective of 

maintaining/restoring good ecological status of surface water bodies (defined by WFD) – particularly 

creating a conditions for survival and reproduction of water related ecosystems, having the necessary 

amount of water at any time of the year. 

Various types of watercourses that occur in the natural conditions of Slovakia (all surface water bodies 

currently delineated on the territory of the Slovak Republic) were categorized into 5 groups. Each of the 

categories is represented by an "umbrella" species of fish, as an organism with the most complex 

demands on the aquatic environment (space, depth, flow velocity, regime). For individual categories, 

the annual regime of minimum flows was assigned. The set seasonality includes increased requirements 

in the spawning season. 

According to the modified Tennant method, it is appropriate to express the e-flow as a multiple of the 

long-term average flow Qa. This multiple should meet the criteria defined with regard to the type of 

water body and the demands of the umbrella species. The expert team set the requirements (hydraulic 

criteria) for each of the created categories and carried out testing on 50 profiles of watercourses, which 

are representative in the territory of the Slovak Republic. The result was a formula for calculating  

e-flow at any moment in the year, for each of the five categories of watercourses. 

Furthermore, the possibilities of additional requirements for e-flow, with regard to location in a protected 

area or other specifics of the river, were analyzed. The requirements for increasing the e-flow related to 

the degree of protection were quantified. 

The included hydrological analysis described the relationship between the required ecological flows and 

the available quantity of water in particular catchment areas of Slovakia, also in the context of climate 

change. 

The last part of the methodology consists of recommendations for the implementation of the 

methodology into water management practice. Among other, it points to the importance of the shape of 

the river bed in which the e-flow flows – i.e. the need for water to flow in a profile that is as natural as 

possible (otherwise even a high flow rate will not ensure a good environment for the ecosystem). For 

eventual exceptions (cases that are allowed, in a certain situation, to abstract the amount of water leading 

to discharge under the e-flow), the recommendations also include the possibilities of appropriate 

mitigation. 
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A PRECIPITATION TREND INVESTIGATION RESEARCH OF HUMENNE, SLOVAKIA 

YUNUS ZİYA KAYA 1, MARTİNA ZELENAKOVA 2 

1 Civil Engineering Department, Hydraulics Division, Osmaniye Korkut Ata University, Turkey, yzkoku@outlook.com 
2 Department of Environmental Engineering, Faculty of Civil Engineering, Technical University of Kosice, Slovakia, 

martina.zelenakova@tuke.sk 

Abstract 

Precipitation is one of the main parameters of the hydrological cycle, and fluctuations in the precipitation 

amount of the regions directly affect the water management plans of the related catchments. Due to 

global climate change, these fluctuations and extreme weather conditions are increasing. The negative 

impacts of the changes on the precipitation amounts must be eliminated. To do this, It is essential to 

analyze the variations of the precipitation over past years for a specific region. In this study, the authors 

investigated the trend dependences of Humenne, Slovakia, using a relatively new method, namely the 

Innovative Şen Trend test. Precipitation trends of the mentioned region were investigated on a monthly, 

seasonal, and annual basis by applying the Innovative Şen Trend test, Mann-Kendall test, and Linear 

Regression Line approaches. When the traditional trend investigation methods are generally based on 

the acceptance or rejection of the null hypothesis, the Innovative Şen Trend method is based on the 

distribution of the time series. The innovative Şen Trend Test approach is a graphical trend investigation 

method that gives users the opportunity to evaluate the trends based on their own experiences. The 

nonparametric Mann-Kendall test was applied to the data set within the 95 percent confidence interval. 

While any trends were not detected by using the traditional Mann-Kendall method within the given 

confidence interval, various monthly, seasonal, and annual trends were determined by using the 

Innovative Şen Trend test. The Innovative Şen Trend test was evaluated based on the three 

classifications. Those classifications were selected as low, medium, and high classes. This identification 

helps researchers to understand the extremum conditions for the calculated time scale.  
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Abstract 

Water management planning is crucial for long-term economic, social and environmental stability in 

civilized societies. One can only make plans with stored water, i.e. water impounded in reservoirs, 

formed with construction of dams. The process of long-term water planning and management includes 

creation of new reservoirs, adding new water users to existing reservoirs, as well as improved 

management of the existing reservoirs. Such analyses are done for the watershed of river Treska, located 

in the western part of R.N. Macedonia. With total watershed area of 2068 km2 and average flow of 

Q=24,2 m3/s, currently there are three existing dams with reservoirs – Kozjak, Sv. Petka and Matka – 

supplying water for power production, as well as flood protection of the city of Skopje. During the wate 

economy planning process, four new reservoirs are planned – Greshnica, Podvis, Makedonski brod and 

Kalugjerica - in order to suffice the lack of fresh drinking water for the analysed watershed, as well as 

water for irrigation of agricultural land for the upcoming 20 years. In order to oversee the new planned 

scheme for Treska watershed, simulation model is prepared with application of HEC ResSim software. 

The simulation modelling is carried out on river scale extent, by inclusion of the existing and planned 

dams with reservoirs. The output results of the simulation model point out that the watershed has enough 

capacity to suffice the water demands for water supply and irrigation, and in addition it provides 

increased power production from renewable energy sources, for the next 20 years. 
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Abstract 

This paper presents a comprehensive analysis of the occurrence and transport dynamics of microplastic 

waste in the Adriatic Sea, anchored within a legal framework. Presently, microplastic are ubiquitous 

across nearly all marine ecosystems, with the heightened production and utilization of synthetic 

polymers establishing the predicament of MP as a prominent challenge in the current century. 

Implementing systematic measures is imperative through research concentrated on identifying the 

sources and movement of plastic (deposition of plastic waste). This approach is essential for effectively 

delineating preventive measures against its introduction. Additionally, it is crucial to emphasize research 

focused on modeling the movement (transfer) of plastic waste, enabling the anticipation of situations 

and the definition of appropriate protective measures. In general, the numerical modeling approach has 

demonstrated its efficacy as a robust tool for predicting the transport of bodies within aquatic midwater 

systems. In the realm of hydrodynamics, various studies have extensively explored the behavior of 

particles such as natural sediment and organic microorganisms in water bodies. However, in the context 

of investigating the dynamics of plastic particles in aquatic environments, the field of numerical analysis 

is still in its early stages, with only preliminary efforts undertaken. On February 5, 2021, the Croatian 

Parliament endorsed the National Development Strategy of the Republic of Croatia until 2030, 

designating it as the paramount document for strategic planning in the development policies of the 

Republic of Croatia. Central objective of the adopted National Development Strategy is to advance the 

sustainable management of the Adriatic Sea, coastal areas, and islands, emphasizing the preservation of 

marine ecosystems. In terms of legal acquis in the Republic of Croatia, the Directorate for Water 

Management and Sea Protection (DWMSP) is responsible for safeguarding and overseeing the marine 

environment and coastal regions, operating within the framework established by the Water Act and 

Environmental Protection Act. 

 

Key words:  microplastic, Adriatic sea, numerical modeling, environmental legislation, sustainable 

management 
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Abstract 

Drinking water supply is an important strategic interest of every country. Therefore, it is necessary to 

think about potentials and possibilities, and ultimately to provide drinking water for a longer period of 

time. It is important to educate yourself and use modern sophisticated programs that greatly help in 

designing and modeling the water supply system. Within this paper, two cases of the layout of the water 

supply network of the Buzet City have been elaborated. In the first part of the paper, the basic features 

of the analyzed area are presented, and the relevant amounts of water required are defined. For the 

purposes of dimensioning, calculations were made for the water reservoir and pumping stations. 

Hydraulic analysis of the water supply system was performed within WaterCAD V8i (WaterGEMS) 

and Urbano Hydra software packages. For both cases, two models were observed, the model of gravity 

inflow of water into the reservoir and the model of water inflow into the reservoir by pumping. In the 

first case, three variants of gravity water inflow and two variants of water inflow by pumping were 

considered. The variants differ from each other due to the disposition and altitude of the reservoir and 

source. In the second case, both models were analyzed, each with one variant. Within hydraulic analyses, 

changes in physical parameters (water flow, velocity of flow, working pressure ect.) were observed for 

different types of pipe materials (cast iron, PVC and steel pipes) and different fire load (no fire, with 

one, two or three fires). Oscillations of the water level in the water chamber due to differently defined 

water levels in the reservoir were observed. Cases and variants are compared and evaluated with 

computer programs. The Urbano Hydra program can be used to draw longitudinal and characteristic 

transverse profiles of certain sections and trenches that will not be shown in the paper. 

A part of the Buzet City was chosen for the design and analysis of the water supply system. The water 

supply system is planned for a final population of 7,082 at the end of the project period (30 years). Given 

that the number of overnight stays by tourists in Buzet has been increasing over the years, the number 

of tourists, which is equal to 2000, has also been taken into account. There are several large industrial 

facilities in the area of Buzeština, so for the purposes of this paper, the water consumption required for 

two industries was defined. In order to meet the working pressures in the system, two water reservoirs, 

Reservoir 1 and Reservoir 2, were defined, and water reservoir calculations were made for the gravity 

inflow of water and the inflow of water into the water reservoir by pumping using pumping stations. At 

the end, the total volumes of both reservoirs were calculated. For the gravity inflow of water in Water 

Treatment Plant 1, three variants were performed within the first case of the water supply network. The 

three variants differ with regard to the disposition and altitude of Reservoir 1. Two variants of the 

pumping station were made for the first case of the water supply network. The variants differ according 

to the disposition of the pumping station and the source. 

For the purposes of hydraulic analysis of the water supply system, sophisticated software packages and 

tools for fast data processing and simple display of hydraulic analysis results were used. Two computer 

programs, WaterCAD V8i (WaterGEMS) and Urbano Hydra, were used to compare the obtained results. 

Within the computer program WaterCAD V8i, the water supply network itself is defined together with 

the associated consumers. An analysis was performed for three variants of the gravity flow of water in 

Reservoir 1 with regard to the disposition and altitude of Reservoir 1. The effects of different pipe 

materials, oscillation of the water level in the reservoir at different defined levels of water in the reservoir 

were observed. An analysis of two variants of water pumping in Reservoir 1 with a differently defined 

structure of the pumping station was performed. The WaterCAD V8i program shows the results of the 

physical quantities within the system and the overall behavior of the defined water supply system. 

Within the Urbano Hydra computer program, a hydraulic calculation was carried out, which validated 

and verified the output data with those obtained through the WaterCAD V8i computer program. 

Through this paper, we wanted to show the way to optimize the water supply system through different 
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scenarios and alternatives, as well as implement additional variants of simultaneous fires or find a more 

optimal period of time for the pumps to work. In doing so, the mutual relationship between two water 

bodies can be analyzed, i.e. how one depends on the other and the like. Also, a part of the branched 

network can be connected into a ring network and in this way conduct a hydraulic analysis of how the 

water flow and working pressure are distributed in the system. Through the two computer programs 

presented, it is possible to see the expansion of the water supply system, that is, the possibility of 

connecting new consumers (residential buildings, campsites, hotels, resorts, industrial plants, hotels etc.) 

for a certain future period of time. Computer programs offer various options that can be used to model 

and analyze the observed water supply system in a fast and satisfactory way. 

 

Keywords:  Buzet City, water supply system, hydraulic analysis, water reservoir, pump, WaterCAD 

V8i, Urbano Hydra, water flow, velocity of water, working pressure, cast iron pipes, 

PVC pipes, steel pipes. 
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Abstract 

Wastewater treatment (WWT) is an indispensable part and the final segment of the entire public drainage 

system, and SBR and MBR treatment technologies are one of the most common in this industry. 

Wastewater treatment has been a current issue at the state level for many years, with the aim of protecting 

water from harmful pollution and meeting legal regulations. Investments are underway in the 

construction and/or reconstruction of a large number of wastewater treatment plants (WWTP) in the 

Republic of Croatia. The required degree of purification, depending on the area where it is located, is 

prescribed by the current legislation, while the choice of purification technology is the final decision of 

the public water service provider and local and regional self-government units. For the purpose of 

choosing the optimal WWT procedure, that is WWT technology, the spear is often "broken" and variant 

solutions are created in which, based on the available input parameters, the application of different 

WWT technologies is evaluated and compared. In addition to the less common conventional technology, 

a comparison of SBR and MBR technology is almost always made. As a rule, the optimal technology is 

selected based on the created variant solution, which ultimately results in the construction of the WWTP 

with that technology. 

The idea for choosing this work topic stems from the desire to show a realistic comparison of two WWT 

technologies, in this case SBR and MBR technologies, using the example of constructed and functional 

WWTPs. In order for the comparison to be possible and realistic, it was necessary to find WWTPs of 

equal size and input load that have been operating for many years, but of course with different 

technologies. 

In this paper, an analysis of the operation of two different technologies installed at WWTP Delnice in 

the Republic of Croatia (SBR, 6600 ES) and WWTP Siffiano in Italy (MBR, 6000 ES) was performed. 

On constructed WWTPs that have been in operation for a number of years, an analysis and assessment 

of the performance of each of the technologies was performed, according to the given criteria that are 

normally applied to variant solutions for choosing the optimal technology. The goal of the research was 

a realistic presentation, analysis and evaluation of the entire technological process with a presentation 

of investment and operating costs obtained from the manager. In the descriptive part, the purification 

process is divided into mechanical pretreatment, biological purification and treatment of excess sludge. 

The analysis itself includes the parameter of investment value, operating cost, spatial component, control 

and process complexity, and the purification effect, which are evaluated differently and lead to the final 

result. At the end of the paper, the theoretical possibility of technology replacement was also discussed, 

as well as the related implications on the work results and costs of individual WWTPs. The paper 

provides a brief analysis of the comparison of these two technologies at the La Center WWTP in the 

USA. 

In order to better understand the work of the technologies themselves, in the introductory part, each of 

the represented technologies is briefly presented, starting with the historical development, a description 

of the biological treatment of waste water as an essential part of each technology, certain specificities, 

and requirements during operation and maintenance that must be respected. For individual WWTPs, 

their basic characteristics are presented in terms of size, placement in space, microlocation, 

macrolocation, specificity of the area and climate, history of construction and the beginning of their 

operation. For each analysis, it is necessary to establish certain criteria that will later be used to evaluate 

the technologies, and as a starting point for them, the criteria that are used when creating variant 

solutions, from investment and operational costs, through the spatial component, the complexity of 

control and processes to the final purification effect. For each of the foreseen criteria, the percentage of 

their share in the overall assessment is determined, and within some of the criteria, the segments of the 

individual process in the entire process of WWT that is analyzed. 
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For the best possible description of the work of a particular technology in practice, that is, in order to be 

able to carry out an adequate analysis in the central part of the work, a description of the applied 

technologies was made on these two concrete examples. The WWT system with SBR technology in 

Delnice City and MBR technology in Siffiano City is divided into mechanical pretreatment, biological 

treatment and treatment of excess biological sludge. For each of these segments, their work is described 

in more detail with reference to the requirements and specifics related to the applied technology, and 

specific data on the costs required for the operation of the plant in the form of energy sources, process 

management and maintenance. The ultimate goal of each WWTP is to achieve the set and required 

parameters in the output wastewater, so for both considered plants, the end result of work is shown, that 

is, the effect of WWT based on analyzes that must be carried out in Croatia and Italy in accordance with 

legal regulations. 

In the final part of the paper, an evaluation of WWT technologies and a comparison according to the 

given criteria is given, in accordance with the specific data mentioned in the earlier description of the 

individual segment of work of each of the WWTPs and the installed technology. The ultimate goal of 

the comparison would be a realistic presentation of the difference in technologies and achieved effects 

based on concrete data and costs obtained from managers that give a realistic picture of the work, which 

cannot be adequately presented with variant solutions when choosing the optimal technology. 

 

Keywords:  Wastewater treatment plant (WWTP), Sequencing Batch Reactor (SBR), Membrane 

Bioreactor (MBR), Delnice City, Siffiano City, mechanical pretreatment, biological 

treatment, treatment of excess sludge, costs, comparison. 
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Abstract 

The microbiological quality of the water is a critical factor influencing the convergence of human, 

animal, and environmental health. Collaborative endeavours persist in exploring methodologies for the 

monitoring, prediction, and management of microbiological water quality. However, the escalating pace 

of human activities, exemplified by urbanization and industrialization, has significantly disrupted 

environmental equilibrium. Aquatic systems endure most of this disturbance, thereby imperilling the 

microbiological integrity of water bodies through the influx of untreated domestic wastewater and other 

anthropogenic discharges. 

In order to predict microbiological water quality on the drinking water treatment facility (DWTF) 

Butoniga, which capture water for treatment processes from a nearby Butoniga reservoir in Istria 

(Croatia), the prediction of the Escherichia coli (E. coli) bacteria concentrations seven days in advance 

is performed. Input parameters following temperature, O2, pH, turbidity, total organic carbon (TOC), 

KMnO4, UV 254, NH4, Mn, Al and Fe were used to build a prediction model seven days in advance for 

E. coli bacteria concentrations. 

All data is pre-processed concerning modelling and research goal. For the E. coli bacteria prediction 

model seven days in advance, the entire span of the measured daily data is used, from 2011 to 2020. 

Missing data were filled in by usage of cubic spline interpolation.  

In this research, the machine learning algorithm M5P for induction of model trees integrated into the 

WEKA modelling software is used. Predicted (shifted) E. coli bacteria concentrations with a seven-day 

time step is set as a target (dependant) variable, whereas water temperature, pH, turbidity, KMnO4, NH4, 

Mn, Al, Fe, O2 TOC, UV 254 and E. coli bacteria current concentrations are set as independent variables 

(descriptors) from which prediction model is build. The above parameters are used because they 

represent the parts of the system (drinking water treatment facility) on top of which the target variables 

depend. 

To achieve the highest correlation coefficient (R), and the optimal number of equations in the tree default 

values of parameters for building models in WEKA modelling software were used. The model that was 

performing most accurately, according to the validation method, was selected as a representative model 

for prediction purposes. 

Obtained model for prediction of the E. coli bacteria seven days in advance, in the form of a model tree, 

has ten equations from which the abovementioned concentrations of E. coli bacteria seven days in 

advance can be calculated. Which equation will be used depends on the parameters within the model 

tree. The model does not have so high correlation coefficient with a value of 0.48 (moderate correlation). 

Other parameter of model are, Mean absolute error (MAE) of 26.5, Root mean squared error (RMSE) 

of 57.7, Relative absolute error (RAE) of 69.3 % and Root relative squared error (RRSE) of 73.8 %. The 

performance of the prediction model is presented in Figure 1. From Figure 1 can be noticed why 

correlation coefficient is not so high, and that is low prediction of peak values. Model has good 

prediction of concentrations to 100 CFU/100 ml, while higher values are under forecast. The reason for 

this is that high values have a high probability expectation. 

Regardless of, obtained model through the prediction of E. coli bacteria can help to manage certain 

drinking water treatment processes depending on the biological quality of raw water in the Butoniga 

reservoir.  
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Figure 1. Performace of the prediction model-“shifted” predicted vs. modeled predicted E. coli concentrations 

seven days in advance. 

 

Future work is focused to obtain more accurate prediction models which can than be used in 

management purposes. 

 

Keywords:  E. coli bacteria, prediction models, machine learning, drinking water treatment facility 

Butoniga, microbiological water quality 
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Abstract 

A prominent challenge confronting the water industry is the integration of sustainability considerations 

into design methodologies and the mitigation of carbon emissions associated with energy-intensive 

procedures. Water treatment, an imperative stage for upholding public health standards, constitutes a 

particularly energy-intensive process. 

Drinking water treatment plant Butoniga is one of the main drinking water supply facilities (DWSF) for 

potable water in Istria, Croatia. Water for treatment process is captured from the Butoniga reservoir, 

which is a small and relatively shallow reservoir.  

The main drinking water treatment process consists of the following units: raw water intake, pre-

ozonation, coagulation-flocculation, flotation, rapid filtration, main ozonation, slow sand filter, 

disinfection, final pH correction, pressure pumping and chlorination.  

Water pumping to the water tank/network is carried out through six big pumps with power of 1000 kW, 

and one small pump with power of 315 kW. The largest consumption of energy on drinking water 

treatment facility is associated with the pumping operations. On Figure 1 are presented captured and 

delivered amounts of water from drinking water treatment facility with total energy consumption. It can 

be seen that the energy consumption on drinking water treatment facility is related to delivered water, 

i.e. water pumped to water supply system.  Also, from Figure 1 can be observed that the operation of 

the drinking water treatment facility is primarily related to the tourist season. Out of the total annual 

production and distribution of average 5.000.000 m3 of water, 3.000.000 m3 is generated and distributed 

between June 15 and September 15 (summer month). 

 

 
Figure 1. Representation of amounts of captured and delivered water with total energy consumption on Butoniga 

DWTF in observed period from 2011 to 2020. 

 

Idle energy in pumping water systems refers to the energy consumed by a pump when it's operational 

but not actively pumping water or when it's running at a capacity higher than necessary to meet the 

current demand. This can be a source of inefficiency in water distribution systems. By adjusting pump 

operations to match demand, idle energy compensation improves overall energy efficiency. On drinking 
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water treatment facility Butoniga, regarding compensation of idle energy, power factor (cos ϕ) is 0.90 

to 0.99. 

In this research will be presented energy consumption and idle energy compensation on presented 

drinking water treatment facility Butoniga. 

In summary, managing energy consumption and incorporating idle energy compensation strategies are 

essential components of sustainable and efficient water pumping systems. These approaches help align 

energy use with actual demand, optimizing the operation of pumping systems. 

 

Keywords:  Drinking water treatment facility Butoniga, reservoir, energy consumption, idle energy 

compensation 
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Abstract 

Ultrasonic technology can be used in various branches of industry, but its use in water and wastewater 

treatment has not been sufficiently researched. The aim of this paper is therefore to explain the basics 

of ultrasound, its advantages and disadvantages and its application in water and wastewater treatment. 

Ultrasound is an acoustic wave generated at high frequencies (above 20 kHz). It is considered an 

Advanced oxidation process, and has been considered and developed as a potential technology for water 

and wastewater treatment in the recent decades. When ultrasound is used in water and wastewater 

treatment, acoustic waves are generated by the vibration of ultrasonic probes or transducers. The zones 

of higher and lower pressures are created in which microbubbles form and implode. 

This paper is divided into two main parts. The first part gives a general overview of ultrasonic 

technology, including the advantages and disadvantages of this technology and a description of the 

parameters that influence the process, such as operational and geometrical characteristics. The second 

part contains an experimental investigation carried out on a laboratory-scale device using a combination 

of electrochemical (electrocoagulation) and ultrasonic technology to remove mineral oil from oily 

wastewater. In this part, various operating parameters (number of cycles, flow rate, current density and 

electrode material) were tested to determine the effects of electrochemistry on mineral oil removal and 

the contribution of ultrasound to this process. The experimental research showed that the use of both 

ultrasound and electrocoagulation (sono-EC) with iron electrodes increased the mineral oil removal by 

50 % compared to electrocoagulation. When using aluminium electrodes, the removal efficiency of 

sono-EC is 20 % higher than with electrocoagulation alone. The use of aluminium electrodes is more 

efficient because the oxidation of aluminium ions is faster than that of iron. 
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Abstract 

Pesticides play an important role in modern agriculture, enhancing crop yield and protecting against 

pests. However, the indiscriminate use and improper disposal of these chemicals have led to widespread 

contamination of water bodies, posing potential risks to aquatic ecosystems and human health. 

Acetamiprid, a neonicotinoid insecticide widely employed in agricultural practices, has garnered 

attention due to its persistence, toxicity, and potential adverse effects on non-target organisms. 

Traditional wastewater treatment processes often prove inadequate in efficiently removing pesticides 

necessitating the exploration of more adequate remediation technologies. Electrochemical methods offer 

a promising avenue for the degradation and removal of pesticide contaminants from aqueous 

environments. Through the application of electrical energy, electrochemical processes facilitate the 

transformation of pollutants via oxidation or reduction, leading to their mineralization or conversion 

into less harmful by-products. Other mechanisms such as coagulation and precipitation, also, lead to the 

physical removal of the pollutants. 

In this study, the response surface methodology was used to investigate the possibility of 

electrochemical removal of acetamiprid from water. For statistical experimental design, central 

composite design was used and three factors were studied – electrode material (Fe, Cu, Al), treatment 

time (15, 37.5, 60 min) and applied current (4, 9, 14 A). All of the experiments were performed using 5 

L of a 10 ppm model acetamiprid solution in a batch reactor. Electrochemical treatment proved to be a 

viable option with efficiencies over 50%. The generated sludge was analysed and the results indicated 

that the dominant mechanism of acetamiprid removal is chemical degradation rather than physical 

removal by formed flocs. Also, a series of experiments was conducted with the addition of hydrogen 

peroxide in order to investigate the influence of oxidant addition on the efficiency of acetamiprid 

degradation. 
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Abstract 

Ammunition manufacturing is characterized by intricate processes and the consequential generation of 

highly complex and hazardous wastewater. The discharge from ammunition factories typically contains 

a cocktail of pollutants, including heavy metals, organic compounds, and suspended solids, posing 

potential ecological risks if left untreated. Conventional treatment methods struggle to efficiently treat 

the complicated composition of ammunition factory wastewater, often falling short in achieving 

stringent regulatory standards. In this context, electrocoagulation (EC) emerges as a promising 

alternative for the remediation of such challenging effluents. EC, a robust electrochemical process, 

involves the dissolution of sacrificial electrodes to induce coagulation and subsequent removal of 

contaminants through processes such as precipitation, flocculation, and electroflotation.  

This paper presents an investigation into the application of electrocoagulation for the treatment of 

ammunition factory wastewater characterized by low pH value, high electrical conductivity, high 

chemical oxygen demand (COD) and total dissolved solids (TDS), as well as high concentrations of iron 

(Fe), zinc (Zn), copper (Cu) and lead (Pb). Using a simple set-up, two electrode materials, aluminum 

and iron, were tested, as well as their combinations. The influence of the initial pH value of the solution 

was, also, investigated. Treatment time varied from 5 to 30 minutes and electric current of 3 A was used 

in all of the experiments. 50% of COD and almost complete heavy metal removal was achieved in 30 

minutes, indicating that electrocoagulation could be a promising technique for the remediation of 

heavily contaminated wastewaters. 

 

  
Figure 1. A schematic view of the experimental set-up 
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Table 1. The initial and final quality parameters of investigated wastewater 
 

PH 
CONDUCTIVITY 

(µS/CM) 

TDS 

(MG/L) 

SALINITY 

(PSU) 

COD 

(MG O2/L) 

Before EC 1.95 7 233 3 616 4.0 2 060 

After EC 5.3 1 402 701 0.7 989 

 

Keywords:  electrocoagulation, wastewater treatment, COD, heavy metals, ammunition factory 

wastewater 
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Abstract 

Sewage sludge (SS) treatment and disposal have become one of the most important and most expensive 

issues within wastewater treatment cycle. Current requirements for disposal of SS mainly point to the 

possibility of “using it whenever appropriate”, minimizing the adverse effects on the environment at the 

same time. Croatian company working on the research and development of novel energy production 

systems has created an innovative gasification system that uses thermal energy to convert organic 

material into syngas (hydrogen) and carbon black. Almost any organic material can be used as feedstock 

and so does sewage sludge. Carbon black is the main by-product of the system, and it can be further 

used based on the principles of circular economy. The derived gasification biochar product is porous 

and inexpensive, so it has a potential to be used as an adsorbent supplementing traditional commercially 

activated carbon adsorbent in wastewater treatment. The possibilities of use in this area are multiple, 

which is shown by concrete results of experimental research on synthetic solutions in the removal of 

nutrients (phosphate and ammonium), certain heavy metals, but also some pesticides. In a separate part 

of the research, an examination of the possibility of using SS biochar in the production of building 

materials was carried out. SS biochar has shown the potential to replace part of the original raw 

materials: cement in the production of concrete, or clay in the production of brick products. The final 

goal of the broader research is to examine the possibility of multiple use of SS biochar in wastewater 

treatment and further use of the same material in the production of innovative building materials and 

products. This directly closes the cycle of the circular economy, where the by-product of one industry 

is used first in that same industry, and then finally disposed of in another industry, thereby reducing the 

need for natural raw materials. 

 

Keywords:  sewage sludge, gasification, hydrogen, biochar, adsorbent, construction materials 
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Abstract 

The pH value of water is one of the most important parameters when treating wastewater or conditioning 

drinking water. The desired pH can be achieved chemically by adding acid or alkali, but it can also be 

achieved by electrolysis of water using a semi-permeable membrane. A semipermeable membrane 

allows anions or cations to pass through the membrane thus making areas where the pH value is higher 

or lower. This paper presents the procedure for developing a simple mathematical model for controlling 

the pH of water in a batch reactor using direct current and a cation exchange membrane. The influential 

parameters of the model are described, as well as the operating parameters and their values for designing 

a simple 2D model. 

 

Keywords:  pH value, mathematical modeling, water electrolysis, 
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Abstract 

The sewage system is a very important urban infrastructure that collects, drains and treats wastewater. 

The choice of the type of sewage system affects the efficiency of drainage and the standard of living of 

the urban environment. Factors that should be taken into account when choosing the type of sewer are: 

the area and terrain conditions where the sewer will be built, construction costs, aesthetics, reliability 

and efficiency of the system, and maintenance methods and costs. Problems related to multi-criteria 

decision-making are often extremely complex, not only because of the large number of diverse criteria, 

but also because of their different evaluation and ranking. Due to the large number of available multi-

criteria decision-making methods, it is difficult to choose the best one because each method has its own 

limitations, peculiarities, hypotheses, premises and perspectives and can lead to different results when 

applied to the same problem. The Analytic Hierarchy Process (AHP) method is a useful tool for handling 

objectives, multiple and multi-dimensional criteria and measures in the decision-making process. It 

proved to be well applicable for selecting the type of sewage system. In this paper, the AHP method is 

applied to the complex sewage system of the town of Županja (town in eastern Slavonia, Croatia), which 

consists of gravity and vacuum sewage. The selected method, which allows for a hierarchical structure 

of the problem, included analysis through social (impact during construction, placement in the space, 

complexity of the system for users, unpleasant smells), economic (investment value, operating costs, 

complexity of construction) and ecological (impact on the environment and energy consumption) 

criteria. When determining the most important criterion, the ecological criterion proved to be the most 

important with a representation of 48%, then social with a representation of 41% and finally economic 

with a representation of 11%. In the process of choosing the appropriate type of sewerage system in the 

area of the city of Županja, vacuum sewerage proved to be a more adequate choice. Vacuum sewerage 

is a modern and advanced technical solution for waste water management that brings a number of 

advantages. The systems are ideal for use in plain terrain, as well as in cases of high groundwater levels, 

which is another benefit considering the observed area. This characteristic of vacuum sewerage enables 

better use of urban space and reduces the need for intensive interventions in the environment during the 

construction phase. Thanks to the shallow burial depth, the possibility of groundwater infiltration is 

significantly reduced. Eliminating infiltration and draining only sanitary waste water, vacuum sewerage 

results in a smaller amount of waste water in the channel and, therefore, a smaller amount of waste water 

that has to be purified in the purification device. In terms of durability and maintenance, this type of 

sewer can result in lower operating costs over the life of the system. Also, by implementing such 

systems, financial savings of approximately 30-40% are achieved. Smaller soil excavations, smaller 

amount of waste water and reduced need for waste water treatment can reduce harmful effects on the 

environment and local ecology.  

 

Keywords:  multi-criteria decision-making, AHP method, gravity sewerage, vacuum sewerage, 

Županja (Croatia)  
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Abstract 

Quality, quantity, and availability of water resources, as well as their physicochemical and biological 

characteristics, are constantly changing because of the impact of natural and human activities [1]. The 

anthropological impact on water resources is already well defined indicating that urbanisation, industrial 

and agricultural activities introduce pollutants into water resources, and influence the water balance 

within the water resource catchments [2]. Natural impact on water resources systems balance can be 

visible through weather extremes such as droughts and floods [2]. It is impossible to divide 

anthropological from natural activities' negative impact on water resources systems but the existence of 

the aforementioned can be determined.  

In this paper, the focus is placed on human impact on natural small water resources such as small lakes 

and ponds, in order to provide the foundation for the development of impact mitigation practices. 

Naturally formed small lakes or ponds that are located in or near urban areas are usually recognized by 

the local population and tourists because of their natural beauty and/or biodiversity. They are usually 

not used for human activities and have specific biotopes and biocenosis, and therefore can be significant 

for the overall ecosystem. Despite their recognition, the direct or indirect anthropological impact is 

visible on those small water resources and their catchments and will be described in this paper. 

Water bodies of mentioned resources are usually considered public water resources under the Croatian 

water management and are not characterised as highly protected, vulnerable, or landscape significant 

areas according to any Croatian or European Union laws and directives. The catchment areas are usually 

under the jurisdiction of the local authorities and are not recognized in any way in local authority urban 

plans. Since their importance has not been determined, there is no existing mechanism for their 

protection, and therefore natural small water resources such as small lakes and ponds are sometimes 

neglected and can face accelerated degradation. It should be noted that thousands of small lakes and 

ponds on the Croatian territory are not under protection from anthropological actions, and we can not 

expect that each of them should be highly protected, but there is a high importance in controlling and 

maintaining a stable ecosystem with mitigated human impact until they fall under some kind of 

regulatory protection in the future.  

This paper aims to determine the existence of the anthropological impact on three naturally formed 

ponds located on the island of Pag, Croatia, namely Škuncini stani, Dabovi stani, and Vidasovi stani. 

These ponds were chosen because of the defined fast growing human impact of tourism, urbanisation, 

and agricultural activities on the catchment areas and water bodies. To provide insight into the 

anthropological impact, hydrological analysis and measurement of the water quality properties were 

performed. The anthropological impact is also shown through the characterisation of the synthetic 

polymer fragments collected near the water bodies or in the water itself.   

The hydrological analysis encompasses a description of the selected water resources' topographic 

catchments, catchment physical characteristics, hydrogeological properties of the catchments, and 

analysis of the catchment landcover changes in the last fifty years in order to provide insight into the 

impact on the natural water balance.  

Water quality measurements are carried out by water sampling and water analyses in the Hydrotechnical 

Laboratory at the Faculty of Civil Engineering in Rijeka. The water quality parameters are measured by 

the Spectrophotometer - Hach DR 3900. In this paper physical and chemical properties are provided as 
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follows: pH, Total dissolved solids [ppm], Conductivity [µS/cm], Nitrates [mg/L; NO₃ -N], Ammonium 

[mg/L; NH₄⁺ - N], Chloride [mg/L; Cl⁻], Nitrites [mg/L; NO₂⁻ - N], Total nitrogen [mg/L; TNb], 

Orthophosphate [mg/L; PO³₄ ⁻₋ P], Total phosphorus TP [mg/L; PO³₄ ⁻₋ P], and Chemical oxygen 

demand COD [mg/L; O₂], in order to assess overall quality and anthropological impact on the water.  

The direct visible negative impact of human activities is provided through synthetic polymer collection 

in the water or the vicinity of water resources. It is well known that synthetic polymers under 

atmospheric action degrade, which means that small micro and nano particles are released into the 

environment and can enter natural water resources [3].  For the purpose of this research, macro plastics 

are collected, categorized, and analysed using Attenuated Total Reflectance-Fourier Transform Infrared 

(ATR-FTIR) spectroscopy performed on the Cary 630 FTIR spectrometer (Agilent) to determine the 

types of synthetic polymers. For this purpose transmittance spectra were recorded and typical polymer 

fingerprints were identified. Moreover, the possible degradation of the collected plastics was assessed.  

This investigation determined the anthropological impact on small naturally formed water resources, 

and the results will be presented within the paper, as well as the hydrological analysis and current water 

quality state. Moreover, this research will answer the questions about the potential significance of 

locations, and the need for further observation, protection, and the possibility of revitalization. 

Furthermore, the obtained results will provide the foundation for the development of protection 

mechanisms and mitigation of human impact on yet unprotected and vulnerable natural resources. 

 

Keywords:  anthropological impact, hydrological research, water quality parameters, synthetic 

polymer 
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Abstract 

Reduction of surface runoff inflow into the sewerage network has been actively discussed for several 

years. In many countries, approaches have been developed and are now commonly used in practice. 

These approaches are gradually being applied in Slovakia as well, but we lack a unified methodology 

adapted to Slovak conditions. Rainwater tanks are considered the most effective in terms of recipient 

protection, but their construction within an existing network is complicated due to the location of the 

structure. For the construction of new large-scale buildings, the design and implementation of retention 

infiltration tanks are approached. In urban center areas and highly urbanized areas, adaptive measures 

such as infiltration green belts, tree rows with infiltration pits, green roofs, water storage tanks with 

water recycling, and others are proposed. The aim of the contribution is to propose a system of objects 

to reduce rainfall runoff into a unified sewerage network and subsequently assess its effectiveness. The 

contribution focuses on the area defined in the city of Trnava, which does not have suitable soil for the 

construction of infiltration facilities. The effectiveness of individual measures in the area will be 

determined using a mathematical model of the sewerage network and three loading scenarios.  
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Abstract 

Water treatment represents the necessary step in several cases related to obtain a quality and a safe 

drinking water. Treatment plants are among technically and technologically advanced constructions that 

anytime are to treat the ground or surface water to get drinking water complying with the requirements 

of the Decree of the Ministry of Health of the Slovak Republic no. 91/2023 Coll. which establishes 

details of drinking water quality, drinking water quality control, monitoring program and risk 

management in drinking water supply. 

In Slovakia, the first water treatment plants (WTPs) were built in the thirties of the last century, which 

was due to the natural conditions in which Slovakia is located, where groundwater of excellent quality 

is the dominant source used to supply the population with drinking water. Approximately only 17.8% 

of the total amount of water supplied to public water supply systems is water obtained from surface 

sources. From the point of view of the quality of groundwater used for drinking water supply, the content 

of iron, manganese, ammonium ions, sulfates, nitrates, the content of heavy metals (e.g. arsenic, 

antimony), etc. are decisive indicators. The content of CO2, hydrogen sulphide and the microbiological 

quality of the water are not negligible.  

 

 
Figure 1.  Years in which water treatment plants were put into operation (Source: WRI) 

 

 
Figure 2.  WTPs apportionment between designed capacity and size criterion/categories (Source: WRI) 
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Important sources of surface water are surface flows in mountain and foothill areas and especially water 

reservoirs where water treatment plants with a projected capacity of over 200 l/s have been built. In the 

case of surface waters, it is necessary to remove substances that cause turbidity, coloration, alkalinity, 

absorbency, microbiological revival, organic pollution (COD, TOC), micropollutants, cyanobacteria 

and algae are now increasingly coming into focus. 

Over the course of several decades, new technologies, materials, and equipment were developed, which 

led not only to the improvement of the efficiency of the water treatment process, but also to operational 

and energy savings. And in many cases, the deteriorating quality of the treated water is the cause of 

inadequate technology. The solution to this problem lies in the modernization and reconstruction of 

these objects, but the obstacle is often considerable financial resources related to these activities. In 

recent years, even in Slovakia, modern treatment methods have been put into operation (e.g. membrane 

processes, adsorption on GAU, flotation, multi-material filtration, advanced oxidation processes, etc.). 

Currently, they have undergone a complete modernization, e.g. water treatment plants Perlová Dolina, 

Štrbské Pleso, Demänovská Dolina, Osuské, Borinka, Holíč, Turček, Klenovec, Málinec, Čierny Balog, 

Jasenie, Pohronský Bukovec, and others. Modernization of UV Rozgrund, UV Hriňová, ÚV Bukovec, 

UV Stariná, which treat water from water reservoirs, is being prepared. The use of granulated 

(powdered) activated carbon as a safety screen for organic micropollutants, or when removing the smell 

of water. 

Some modernized water treatment plants will be described in more detail in the presentation.  

 

Keywords: water treatment, groundwater, surface water, water treatment plant technology, drinking 

water quality. 
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Abstract  

Seasonal changes of thermal stratification are common phenomenon in lakes or reservoirs. Thermal 

stratification means that the water in such water bodies forms certain thermal layers due to solar heating. 

When a water body stratifies, three different layers typically form (see Fig. 1). Thermocline is a 

relatively thin part of the metalimnion layer in which temperature decreases rapidly with depth increase. 

The thermocline has been defined as a layer of water in which the temperature decrease 1° or more along 

1 meter of the depth. 

Seasonal changes in the intensity of solar radiation and air temperature cause continuous changes in 

thermal stratification - a change in water temperature causes a change in its density, which makes it 

move and thermal layers mixing. Such mixing in lakes or reservoirs is extremely important, as it is the 

event that, for example, causes replenishing dissolved oxygen levels in the deepest waters of such water 

bodies. This movement causes a change in the stratification of several water quality indicators (chemical 

stratification) and also the position of the thermocline. 

 

 
Figure 1. Scheme of stratification in lakes and reservoirs (source:Fafard, 2018) 

(https://www.iisd.org/ela/blog/lakes-stratify-turn-explain-science-behind-phenomena/)  

 

This paper analyses the seasonal changes of the thermocline position in two water reservoirs in Slovakia: 

the Rozgrund reservoir and the Turček reservoir. They are relatively close to each other, but have 

different parameters. The Turček reservoir is younger (1996) and it was built primarily for drinking 

water supply, but also for flood protection of downstream part of the basin and for ensuring ecological 

discharges, as well. Total volume of the reservoir is 10,8 mil. m3, the elevation of the maximum 

operating level is 775,3 m above sea level, the maximum depth is 60 m. The Rozgrund water reservoir 

was built in the 18th century as part of a unique water management system in the vicinity of Banská 

Štiavnica. The original role of the Rozgrund reservoir was the accumulation of water to drive mining 

machines, from the beginning of the 20th century it was also used as a source of drinking water until the 
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recent past, and today it is operated as a potential reservoir for supplying the population with drinking 

water. Its total volume is 0,515 mil. m3, the elevation of the maximum operating level is 705 m above 

sea level, the current maximum depth is around 19 m. 

As preliminary results show, stratification is formed in both cases. In the summer, its course is almost 

the same; the thermocline is formed at a depth of about 4-5 m below the water surface (see Fig. 2). In 

the spring and the autumn season, however, the thermal stratification in these reservoirs is different. It 

is probably caused both by the different depth of the reservoir and, of course, by the current 

manipulation. Both of these facts affect the dynamics of the water in them and thus also the mixing of 

temperature layers. 

The study presents measurements over the one year. In the next step, data from next measurement 

campaigns, as well as the results of numerical simulations, will be analysed to confirm the facts found. 

 

 
Figure 2. Measured course of water temperature along the water depth in the reservoir (on the right – the Turček 

reservoir, on the left – the Rozgrund reservoir) 

 

Keywords:  temperature, stratification, thermocline, seasonal changes, drinking water supply, the 

Turček reservoir, the Rozgrund Reservoir  
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SURFACE RUNOFF AS A POTENTIAL SOURCE OF ENVIRONMENTAL POLLUTION 
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Abstract: 

Changing climatic conditions in urbanized areas have a tremendous impact on the quality of life in 

urbanized areas. Persistent prolonged dry periods, extreme downpours with high runoff or prolonged 

rainfall are extreme problems for efficient urban water management. Extreme weather changes also 

result in environmental risks for the seepage or discharge of highly contaminated water from the first 

flush. These effluents are a potential source of groundwater and surface water pollution in which various 

types of pollutants are concentrated. Our research focuses on evaluating the water quality of surface 

runoff with an emphasis on micropollutant concentrations. The analyses are aimed at evaluating the 

concentrations of heavy metals, microplastics, and other pollutants in surface runoff with respect to 

receiving water quality and groundwater quality.  
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Abstract 

In 2023, there was likely not a single country in the world untouched by devastating floods. The primary 

cause was extremely intense rainfall, which in many places led to significant damage and collapses of 

buildings, including dams and flood protection dikes, triggering numerous landslides. The most severe 

consequences of the floods were observed in China and Libya. The leading cause was intense rainfall, 

resulting in water levels rising 5 meters above ground level. Structures were primarily compromised by 

uplift, flow pressure, and soil erosion. 

In the capital of the Slovak Republic, in the historic centre, on the building of the Old Town Hall in 

Bratislava, a marker from 1850 has been preserved, indicating a flood level approximately 1 meter above 

ground level at that time. From 1954 to 2023, flood levels in the Danube River showed maximum levels 

2 to 3 meters lower. 

In the past, protective flood control measures were implemented to ensure that the destructive impacts 

of floods were practically mitigated in construction sites in Bratislava. On the left bank of the Danube, 

permanent diaphragm walls were constructed with reinforced and sealed foundations, along with mobile 

walls positioned at approximately the level of a thousand-year flood. 

During the floods of 1954, the protective dikes of the Danube breached in two locations in Hungary. In 

1965, breaches occurred at two points in Slovakia, causing damage to over 10,000 homes in the flooded 

area, which were constructed from unsuitable building materials. The breaches in the protective dikes 

were attributed to internal erosion in the immediate subsoil. Consequently, critical foundation locations 

of the protective dikes were sealed with underground walls. 

Structures created near unprotected streams are the most vulnerable. To prevent their destruction during 

floods, they must be constructed with stable materials that meet all stability requirements even under 

extreme flood conditions. The design includes considering hydrodynamic effects on structures and their 

foundations and the potential deterioration of soil properties. Stability can be ensured through the use of 

piles, diaphragm walls, anchors, and artificial improvement of soil properties. 

The most significant protective measures include water reservoirs, polders, and flood dikes. They can 

prevent or significantly reduce the increase in flood levels in human settlement areas. 

 

Keywords:  floods, water levels, structures, damages, protective dikes, stability, protection. 
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Abstract 

Special methods for measuring filtration velocities can be used to monitor groundwater flow and seepage 

flow in dams' bodies and subsoil. In Slovakia, single-well indicator methods are most commonly used 

to measure water flow velocities. For monitoring vertical water flow in wells, a submerged device is 

used, which incorporates a dosing unit with pneumatic-hydraulic control of the injection of the indicator 

and two conductometric sensors positioned below and above the injection point, at a distance of 0.5 m. 

The indicator is often sodium chloride in powder form or an aqueous solution. The submerged device is 

connected to a computer converter via a multi-core cable, and then to a portable computer. On the 

computer screen, concentration curves can be directly monitored, and the time at which maximum 

concentration occurs (peak time) can be determined. 

 

 
Figure 1. Scheme of the device for measuring vertical water flow in boreholes 

 

This paper focuses on measuring filtration velocities by monitoring the vertical flow of water in a well. 

The output of the measurement is concentration curves, from which the filtration velocities are then 

calculated. The paper analyses and compares concentration curves at a specific hydraulic structure at 

different times under the same loading state, from which the filtration velocities are then derived. The 

correct interpretation of these measurements has a significant impact on the results of these 

measurements, which are used to assess the safety of the water structure, mainly from the point of view 

of filtration stability. 

 

Keywords:  groundwater, seepage, vertical water flow, concentration curve, observation well, 

filtration stability 
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Abstract 

Over time, laser scanning finds new applications in many fields, including not only geodesy, but also 

civil engineering, due to the simplicity of use and the ease of obtaining results in the form of "point 

cloud". Point cloud can be the basis for further modeling and 3D visualization of any engineering 

objects. Moreover, data obtained by laser scanning can be used as a basis for analyzing the deformation 

process and inventory the scanned objects. 

The principle of operation of a terrestrial laser scanner is based on spatial polar measurement, in which 

the distance is determined based on the time the light beam needs to cover the distance between the 

emitter-object-receiver. While maintaining the principle of spatial polar measurement, the scanning 

method differs from total station measurements in the number of measurements (thousands to hundreds 

of thousands of emitted pulses per second). The scanner uses a pulsating laser beam to scan the object 

according to a given resolution, i.e. according to a grid with a specific density. The position of each 

point is recorded in the local system using polar spatial coordinates. The measurement result in the form 

of a “point cloud” is processed using specialized software, which includes creating cross-sections and 

planes, trimming and cleaning data from noise, creating files for presentation and converting them to 

various formats. 

In the case of airborne laser scanning, the idea is based on measuring the distance between the measuring 

equipment on board the plane or helicopter and field points. This method allows the mapping of the 

terrain surface also in the form of a "point cloud" representing the terrain. As a result of the 

measurement, we obtain a very accurate surface model. One of the most important advantages of this 

method in terms of its use in civil engineering is the penetration of the laser through the plant cover. 

Moreover, the advantage of the method is the ease of downloading measurement results because they 

are often publicly available on spatial information services. Points with given coordinates are input data 

to create a digital terrain model (DTM). After building a digital terrain model, the shape of the surface 

can be presented using a regular grid (GRID) or irregular triangles (TIN). 

Geodetic services and scientific institutions are increasingly noticing the advantages of methods of 

performing measurements, and conducting analyses based on "point clouds" is becoming more and more 

common. It is reasonable to optimize the use of extensive databases in the form of spatial "point cloud" 

by searching for new areas of their application. One of them may be to use them as a basis for building 

numerical models to simulate the behaviour of the rock mass or ground in geoengineering objects. 

The procedure for creating a 3D geometry of a numerical model of a underground and overground 

geotechnical object, using the results of terrestrial and airborne laser scanning will be presented. 

Methodology for creating the geometry of a numerical model involves the use of FLAC3D - Itasca 

numerical calculation software, commonly used in issues related to geoengineering. 

 

Keywords:  Terrestrial laser scanning, Airborne laser scanning, surveying, geoengineering 
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Abstract 

The city of Gdańsk is located in a coastal region where changing climatic conditions increase the 

frequency of extreme weather events. Consequently, stormwater runoff is rising. Heavy rains and flash 

floods affect the city's infrastructure and residents. Two extraordinary rainfall events occurred in Gdańsk 

over the last two decades, on July 9, 2001 and on July 14, 2016 (Fig.1). Observing the increasingly 

frequent appearance of flash floods in the city, scientific research was carried out on changes in the 

probability of the occurrence of maximum daily precipitation in Gdańsk. The probability distributions 

of maximum precipitation for different periods were developed, which showed that the amount of 

precipitation with the exceedance probability of p=1% increased significantly at the turn of the 21st 

century (Fig.2). The results, together with information on the increase in flood risk in the city, were 

presented to the local authorities during thematic conferences, resulting in changes in the management 

of rainwater by the municipal company Gdańsk Water. Being aware of rising flood hazard, Gdańsk City 

Hall has also adopted a plan for adapting the city to climate change by 2030. Using blue-green 

infrastructure is part of the plan. Considering the possibility of implementing the proposed changes in 

the city, the local authorities decided to involve citizens in the decision-making process. To this end, 

discussion panels were organized and the Gdańsk Climate Change Forum was launched, attended by 

both citizens and experts from the scientific community. 

 

 
Figure 1. Maximum daily rainfall (Gdańsk Rębiechowo) for the period 1974–2023 with a linear trend line 

 

The climate change, including an increase in extreme precipitation, was confirmed by analyzing changes 

in the probability of exceeding the maximum daily rainfall. In the 21st century, daily rainfall with a 

probability of p=1% is approx. 140 mm, up from 92 mm towards the end of the 20th century (Fig.3). 

Thus, Gdańsk stormwater system design criteria should be revised, what was presented to the local 

authorities by the researchers. 
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Figure 2. Maximum daily rainfall exceedance probability distribution for period (1974-2023) 

 

 

Figure 3. Maximum theoretical daily rainfall with the probability of exceedance of p=1% 

Due to the limited capacity of the rainwater drainage system, city authorities began implementing new 

rainwater management laws in urbanized catchments. A three-stage urban retention system utilising the 

city's blue-green infrastructure is the new system's principal feature (first-level retention). 

It is easier to plan and design retention for new investments, and this is what is also done in Gdańsk, 

where it is necessary to retain 30 mm of rain in the area of new investment. When the blue-green 

infrastructure implementation limitations exist or the rainfall is higher than 30 mm, excess flow is 

channeled to municipal retention ponds, where rainfall can be used as a water resource. Crisis 

management and rescue activities are used at the third level if reservoirs overflow and flood hazards 

arise. 

The observed increase in pluvial flood risk led city authorities to consider urban floods as inevitable. 

Adapting to climate change with residents began because of this. The city has provided social platforms 

for individuals to share experiences and learn about pluvial flood mitigation. A citizens' panel was 

organized to discuss new strategies of decreasing urban flooding. The Gdańsk Climate Change Forum 

was created to educate individuals and consult the public on recommended adaption strategies. This is 

a good example of how citizen science can be developed by engaging citizens in climate change 

adaptation using expert science. 

 

Keywords:  Gdańsk, climate change, starmwater, urban flood, city adaptation, blue-green 

infrastructure 
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Abstract 

Changes in the atmosphere have caused an increase in the frequency of extreme hydrological events. In 

Slovakia, this is manifested in prolonged rainless periods and a higher frequency of extreme 

precipitation in terms of intensity and abundance. It is useful to compare the changes in atmospheric 

elements in two different normal periods for the quantification of climate change in the investigated 

locality. These normal periods allow the comparison of both atmospheric and hydrometeorological 

elements in different regions and periods. Representative hydrological and atmospheric elements are, in 

general, calculated from the normal period. The length of the normal period is at least 30 years. It is a 

common problem to obtain an uninterrupted series of measurements over 30 years. World 

Meteorological Organization has specified that for the worldwide comparison of data, three 

reference normal periods will be used: periods between 1901–1930, 1931–1960 and 1961–1990. WMO 

recommended that standard 30-years long reference periods should be updated every decade so that they 

reflect climate change. WMO congress (2021) suggested that new 30-years long standard reference 

period from 1991to 2020 is set. 

The thesis is based on the hypothesis that the planet is warming and thus the frequency of extremes is 

increasing. The aim of the thesis is to quantify the climatic differences of two consecutive normal 

periods. The normal periods of 1961–1990 and 1991–2020 are compared. The compared climatic 

elements were measured at the climatic station SHMÚ Milhostov, which is located in the central part of 

the East Slovak Lowland. The normal periods were analysed according to precipitation, temperature, 

evaporation and Palmer drought severity index. Evaporation is characterized in this paper through 

potential evapotranspiration. It includes the energy balance of the environment and the conditions of 

water vapor transport to the atmosphere. Palmer's drought severity index, which is used to quantify and 

compare moisture conditions in areas with different pedological and climatic conditions. It is mainly 

used in the USA. Its advantage is its versatility. Procedures for calculating potential evapotranspiration, 

descriptive statistics and trend analysis methods were used for data processing. 

Analysis of normal seasons by precipitation, temperature and evaporation identified significant changes 

in temperatures and associated potential evapotranspiration. There was an increase in the values of these 

elements on an annual and monthly basis in the period (1991–2020) compared to the period (1991–

2020). For the analyses of annual values, significant upward linear trends were identified over the period 

(1991–2020). In the case of annual rainfall totals, the trends were not significant. Analysis of the normal 

periods according to the Palmer Drought Severity Index showed that, the normal period of years (1991–

2020) is drier compared to the period (1961–1990). 

 

Keywords:  normal period, meteorological elements, climate change, Palmer Drought Severity 

Index 
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Abstract 

Hydrological processes in the water-unsaturated soil environment are the result of the interaction 

processes of the unsaturated zone with the surrounding subsystems. Water in the unsaturated zone forms 

a supply and source of water for the biosphere. This source supplies water to the vegetation cover during 

the growing season. The water in this source does not have the properties of free water. In order for 

plants to be able to use it, they must have a developed root system and a suction pressure that is able to 

overcome the binding of water with the soil. Information on the temporal and spatial distribution and 

dynamics of moisture in the unsaturated zone of the soil environment is crucial for agricultural 

production, water management in the country and the design of adaptation measures. In the growing 

season of 2022, it was possible to see the manifestations and feel the consequences of the lack of water 

in the unsaturated zone of soils on the territory of Slovakia. In the conditions of the East Slovak Plain, 

the lack of water manifested itself in the form of soil drought. In the work, the components of the water 

regime of the soil in the Milhostov area on the East Slovak Lowland during the 2022 vegetation period 

are quantified and analyzed.  

The methodological procedure was divided into two stages. The goal of the first stage was the creation 

of a database for further analysis. In the second stage, its analysis and interpretation of the results was 

carried out. The data base was formed by the results of monitoring and numerical simulation on the 

HYDRUS mathematical model. 

As part of the monitoring, the texture of the soil profile was analyzed in layers of 0.1 m to a depth of 

1 m, the bulk moisture of the soil samples and the basic hydrophysical characteristics were measured. 

Volumetric moisture was measured gravimetrically. The results of volumetric moisture measurements 

were displayed using isolines (isolines, isopleths). From a physical point of view, an isoline is defined 

as a line along which the selected scalar physical quantity has the same value. The name of the isoline 

depends on what quantity it shows. Isolines along which there is the same humidity in the soil profile at 

different times are called chronisopleths. In the form of a chronisopleth, a picture of the time 

development of moisture in the soil profile is obtained. 

To obtain difficult-to-measure characteristics, the method of numerical simulation on the HYDRUS-1D 

model was used. The mathematical model HYDRUS-1D in version 4 was used to calculate the analyzed 

members of the balance equation in the evaluated time period. HYDRUS-1D is a one-dimensional model 

for the simulation of water flow, heat transfer and movement of soluble substances involved in 

subsequent first-order reactions in variably saturated soils. It is based on the solution of the Richards 

equation for variably saturated flow and on the advection-dispersion type of equations for the transfer 

of heat and soluble substances. The flow equation allows for a drop to account for water uptake by plant 

roots. The chosen hydraulic model of van Genuchten (1980) and was single-pore without hysteresis. For 

each layer, the basic hydrophysical characteristics of soils were measured in the laboratory and the 

parameters of the analytical expression of moisture retention curves according to van Genuchten were 

defined. The input data on groundwater were provided as part of cooperation from the regional office 

of SHMÚ Košice. The time calculation step of the simulation was set to 1 day. This corresponds to the 

time scale of all inputs and outputs from the model. The submitted paper presents information from 

them on evapotranspiration, evapotranspiration deficit and water reserves up to a depth of 1 m. 

Descriptive statistics and correlation analysis methods were used to describe the investigated parameters 

and quantify their interrelationships. 

Correlation analysis confirmed the significant level of interaction processes between groundwater and 

water supply in the soil profile. This is due to the fact that groundwater replenishes the water reserves 

in the root zone of the soil profile up to a certain critical depth. A very low level of actual 

evapotranspiration ETa was identified, the total of which for the entire vegetation period was only 3.2% 
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of ET0. This was reflected in a high evapotranspiration deficit that almost duplicated ET0. In addition, 

the expected significant correlations between temperature T and ET0, ETD and subsequently GWL were 

confirmed. 

 

Keywords:  unsaturated zone, soil drought, numerical simulation, HYDRUS-1D model  

 

  



 

WMHE 2024 18th International Symposium on Water Management and Hydraulic Engineering 
 

 

110 
 

 

EFFECT EVALUATION OF DIFFERENT ADAPTATION MEASURES APPLIED ON URBAN 

CATCHMENT 

MAREK SOKÁČ 1, YVETTA VELÍSKOVÁ 2, MARTA KOCZKA BARA 3 

1 Institute of Hydrology, Slovak Academy of Sciences, Slovakia, sokac@uh.savba.sk 

2 Institute of Hydrology, Slovak Academy of Sciences, Slovakia, veliskova@uh.savba.sk 

3 Institute of Hydrology, Slovak Academy of Sciences, Slovakia, bara@uh.savba.sk 

Abstract 

The climatic change implies implementation of adaptation measures in the field of urban drainage. 

Higher rainfall intensities typically requires larger hydraulic / storage capacity of the urban drainage 

systems in aim to better manage the increased stormwater flows and volume.  

This development resulted also in the update of the existing EU legislation in the field of urban drainage, 

which requires elaboration of the integrated urban wastewater management plans. These plans shall 

comprise methodology and procedures for achieving the objectives in the field of urban stormwater 

management, such as a surcharge or flooding as well as minimising the pollution load of untreated water 

to the local recipients. Such measures could include the adaptation of the existing or the creation of new 

urban system wastewater collection infrastructure including creation of additional stormwater storage 

(detention measures). New infrastructure implementation plans should prioritize the implementation of 

green infrastructure (e.g. and storage ponds, wetlands, semipermeable surfaces, green roofs etc.) 

designed in order to support biodiversity and water reuse. 

 

  
 

  
Figure 1. Examples of adaptation measures in urban stormwater management 

 

This paper analyses design of various adaptation measures for a part of urban catchment (located in 

Bratislava) with focus to the legislation, hydraulic and environmental aspects of the urban stormwater 

management. There were estimated required range and composition of adaptation measures and their 

effects on the overall urban stormwater management are described with regard to the achievement of 

the required goals.  

As the preliminary results show, the overall approach and design of urban stormwater adaptation 

measures is very specific and individual depending on local conditions, like the availability of a suitable 

recipient and its hydraulic capacity, hydrogeological properties of the soil (stormwater infiltration) or 
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the hydraulic capacity of the urban sewerage system. It is also necessary to emphasize that green 

measures (green infrastructure) alone cannot eliminate all the negative impacts of climate change and a 

comprehensive restructuring of the existing urban drainage system is often necessary. 

 

Keywords:  urban drainage, stormwater runoff, green infrastructure, climate change, adaptation 

measures 
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Abstract 

The paper outlines the findings from numerical simulations of flooding in the city of Rovinj, Croatia. 

The simulations were carried out under conditions of moderate (RP = 100 years) and high (PP = 5 years) 

probabilities of elevated sea levels and intense wave action.  

The estimation of wave heights in the ocean region and the inundated urban region was performed 

utilizing the two-dimensional numerical spectral model known as Mike 21/SW. The determination of 

extreme sea levels relies on a time series of measured sea levels at an hourly resolution spanning from 

1990 to 2020. The evaluation process includes the analysis of extreme values within each segment's 

maximum value, by adjusting the parameters of the general extreme value distribution. In addition, the 

analysis involves the examination of a series of threshold exceedances and the subsequent fitting of the 

general Pareto distribution. In order to establish the numerical models, data from the digital elevation 

model of the State Geodetic Administration were utilized. The integration of elevation data into these 

wave models involved incorporating two different resolutions: 5 m, known as DGU-5, and 1 m, known 

as DGU-1. In order to guarantee precise comparisons, a meticulous series of simulations was carried 

out. The method employed for this purpose included applying identical wave spectra at the open 

boundaries of the model and utilizing the same extreme sea levels across the board. 

The results of the research show that the estimated flooded areas are on average 2% larger for a return 

period of 100 years, or in other words 8% smaller for a return period of 5 years, in the case of using 

LiDAR data at a resolution of 1 m (DGU-1) compared to results obtained with elevation data at a 

resolution of 5 m (DGU-5). 

 

Keywords:  coastal flood, mareographic measurements, digital elevation model, SWAN, phase 

averaged wave numerical model 
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UNEVEN SHIFTS: HOW CLIMATE CHANGE ALTERS SEASONAL DISCHARGE PATTERNS IN 
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Abstract 

This study investigates the impact of climate change on the seasonality of discharge patterns in two 

distinct Slovak river types: lowland and mountain rivers. Employing STL (Seasonal and Trend 

decomposition using Loess) decomposition, we analyze seasonal discharge patterns for both river types, 

focusing on changes that occurred before and after the year 2000. 

Our findings reveal significant alterations in seasonal discharge dynamics, highlighting the far-reaching 

consequences of climate change on river ecosystems. Lowland rivers exhibit substantial shifts in the 

magnitude of seasonal discharge, accompanied by significant changes in the timing and frequency of 

peak flows. These transformations underscore the vulnerability of lowland river systems to climatic 

change, with potential implications for water resource management and ecosystem health. 

Conversely, mountain rivers display a distinct response, characterized by a significant decline in 

discharge volume, primarily during the first half of the year. Peak flow timings in mountain rivers show 

relatively minor shifts throughout the year. These observations suggest a more complex interplay 

between climate dynamics and hydrological processes in mountainous regions. 

Overall, the study sheds light on the nuanced impacts of climate change on river seasonality, revealing 

the differential responses of lowland and mountain rivers. These findings hold significant implications 

for policymakers, resource managers, and researchers endeavoring to mitigate the adverse effects of 

climate change on freshwater ecosystems and ensure their resilience in the face of future environmental 

challenges.  
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Abstract 

 
Figure 1. Examined dam during Phase IV - Final breach width 

 

This paper presents model studies on the erosion of a homogeneous geotechnical embankment made of 

noncohesive soils. Understanding the destruction process of such structures, including earth dams and 

flood embankments, is crucial to determining the amount and rate of released water. This is necessary 

to assess the consequences of catastrophe, analyse risk, and develop appropriate crisis management 

procedures. Despite numerous studies in this area, this process is not fully explored. The presented 

article discusses the results of physical experiments carried out in the field laboratory of the Wrocław 

University of Science and Technology for a dam with a height of 0.50 m closing a reservoir with a 

capacity of 14.4 m3, whose width is significantly greater than the final width of the breach. Figure 2 

shows the experimental setup. The scenario analysed assumes that water overflows the crest of the 

embankment, as it is the most common cause of embankment failure based on databases cataloguing 

dam disasters. At the same time, for this scenario, the amount of water accumulated in the reservoir is 

the largest possible, suggesting that such a catastrophe may have the most severe consequences. Based 

on the results obtained from several experiments, four repeatable phases of erosion evolution were 

identified and described: (I) the initial phase, (II) the vertical erosion phase, (III) the lateral erosion 

phase, divided into two cycles, and (IV) the reservoir emptying phase without further propagation of the 

breach (Figure 1). The water outflow rate of the reservoir was also analysed, allowing the determination 

of the outflow hydrograph for each trial. The hydrographs showed differences between individual 

experiments; however, the average erosion rate was similar for all tests. Furthermore, the final width of 

the breach created each time was between 2.2 and 2.5 H (where H is the height of the embankment), 

and the volume of eroded soil ranged from 0.52 to 0.59 m3. The article also highlights the methodology 

for calculating the water outflow hydrograph. The results of laboratory tests were compared with the 

results of numerical modelling performed in several dedicated programmes.   
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Figure 2. Experimental setup. I – balancing tank, II – check valve (overflow window closing), III – overflow 

window with Thomson’s weir, IV – energy dissipation device, V – upper tank Vmax=14,4m3, VI – analysed 

embankment, VII - downstream channel B=2.0 m, VIII – 2 Thomson’s weirs, IX - free discharge channel 

B>>2.0m, X - hydrostatic pressure sensors. 

Keywords:  dam safety, flood risk management, overtopping, embankment dam, laboratory tests, 

breach parameters, breach mechanism 
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Abstract 

The Bednja River in Croatia and its tributaries are essential components of the hydrographic network in 

the region, impacting the lives and livelihoods of approximately 60,000 people residing there. By 

accurately forecasting water flow using machine learning models, it is possible to improve early warning 

systems for floods and flash floods. In this study, we explore the application of machine learning (ML) 

algorithms to forecast water flow in Bednja using lagged time data from the river flow upstream. Results 

from the testing phase highlight the performance of the various ML algorithms across different lagged 

time intervals. For instance, in the case of a one-day lag, the Ensemble (Boost) model shows a Root 

Mean Squared Error (RMSE) of 2.046 and a Mean Absolute Error (MAE) of 0.867 in the test dataset, 

along with a high coefficient of determination (R2) of 0.965. Similarly, in the case of a two-day lag, the 

Neural Network (Narrow) model demonstrates superior performance with an RMSE of 1.775 and an R2 

of 0.976. Overall, these results underscore the potential of ML algorithms in accurately forecasting water 

flow in the Bednja River, which is crucial for effective flood management and environmental 

conservation in the region. Overall, this research highlights the value of integrating advanced ML 

techniques into hydrological forecasting, paving the way for more effective and sustainable water 

management practices in the Bednja River basin and beyond.  
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Abstract 

A flood is a natural disaster and can occur due to the high water level in the rivers and lakes, the spilling 

of a large amount of water from the riverbeds and the flooding of the surrounding area. Uncontrolled 

urbanization, inadequate exploitation and management of forest and agricultural land in combination 

with climate change increase the possibility of more frequent and more intense floods, especially flash 

floods in urban areas. 

The subject of this research is the analysis and determination of the formation process of the flood wave 

that affected the region of Skopje in the month of August 2016. The reasons for the large peak of the 

flood wave were investigated through the preparation of a detailed hydrological analysis of the region 

and the preparation of a 2D hydraulic model for the simulation of the propagation of the flood wave and 

the definition of flood zones. 

By applying the GIS tools ARC Map and QGIS, a digital terrain model (DTM) was prepared and the 

physical-geographic characteristics of the watershed were determined. An analysis of land use was 

performed using the CORINE Land Cover 2018 database, analysis of pedological, geological and 

climatic substrates. With the application of the WINTR 55 software program, hydrological models were 

created for the generation of surface runoff hydrograms. By applying the HEC-RAS software package, 

a two-dimensional (2D) hydraulic model was created. The two models, hydrological and hydraulic, are 

compatible, where the output results from the hydrological model are applied as input data to the 

hydraulic model. Flooding zones in the Skopje region have been defined through the hydraulic analysis. 

Calibration and verification of the model was done with the flooded areas recorded in the field (aerial 

photogrammetry of the flood after 72 hours from the beginning of the flood). The results are presented 

on maps of maximum depths, maximum velocities and maximum shear stresses in the flood zone. 
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Abstract 

Paper deals with the proposal of water retention and flood protection above the village of Hodkovce on 

the Hodkovský stream, which belongs to the Bodva basin. The area of interest is located in the western 

part of the Košice district. 
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Abstract 

Paper deals with the proposal of water retention measures in the village Turany nad Ondavou. From an 

urban planning point of view, the measures are designed in such a way that it creates the conditions for 

the controlled retention of rainwater from the reconstructed area of the parking lot and pedestrian 

communication or recreation zone, due to which the water will be returned to the water cycle back to 

nature. A green permeable to semi-permeable paved area will be created in the central part of the village, 

which will give the space a new dimension and replace the drab asphalt surface with a green "island" in 

the central part of the village, before the main entrance to the building and the transition between the 

streets, when it will functionally connect them. 
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Abstract 

The aim of the work was to assess the current situation in the area of interest (between the Antošov 

channel and the Lamačský stream) in terms of flood flows using a 2D mathematical model. As part  

of the work, 2D flow simulations were made at Q100 discharge in the area of interest for the current state 

and topography measurements, respectively, objects in the location of interest were surveyed as well. 

The area of interest falls within the basin of the Morava River. The main stream is the Morava River, 

which flows into the Danube near the Devín Castle. The most important tributary is the Mláka stream, 

which drains surface water from the Western part of the Carpathians. The following important tributaries 

flow into the Mláka are the Rakyta, Dúbravčický creek, Vápenický creek and Mariánsky creek. 

Veľkolúcky creek and Antošov channel (right tributary of the Dúbravčický creek) gradually flow  

into the Dúbravčický creek. The Lamačský stream and several nameless tributaries flow into the 

Vápenický creek. The Bystrický creek, the Mástsky creek and several nameless tributaries gradually 

flow into the Mariánsky creek. The mentioned system creates a characteristic fan-shaped drainage 

framework of the Western part of the Bratislava territory. The concerned area is limited by the Lamačský 

stream (approx. rkm 1.5 – rkm 2.8) and the Antošov channel (approx. rkm 1.0 – rkm 2.44). The type  

of runoff regime of the area is rain-snow. The maximum flows occur in the winter and spring months 

(March, April) in connection with the melting of snow and in the summer months, when they  

are conditioned by heavy rains. The minimum flows are mainly in September and October, sometimes 

also in the summer or winter months. Currently, the river network no longer has a natural character.  

As a result of frequent floods and waterlogging of the territory, most of the streams have been modified 

for water management. 
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