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Case study on groundwater flooding: the lower part of the Rye Island 
 

Michaela Červeňanská, Dana Baroková, Andrej Šoltész 
 
Abstract 
During the flood situations in May and June 2010, the groundwater rose, causing major problems, e.g. 
flooded cellars and underground spaces (garages), contaminated drinking water in wells, flooded 
railways and farmlands. In the lower part of the Rye Island, the Váh River and the Danube River 
culminated at about the same time causing the groundwater level rising, in some boreholes even to 
their maximum measured levels. The article presents results of a research concentrating on the 
groundwater flooding phenomena in the lower part of the Rye Island, especially on a construction of 
the flood hazard maps based on the preliminary flood risk assessment for the whole territory of the 
Rye Island. The problem was solved using a MODFLOW numerical model using the Groundwater 
Modeling System (GMS) and concentrated mainly on the previously mentioned flood in 2010. 
 
Key words: flood hazard maps, GMS, groundwater flooding, MODFLOW, numerical modelling, Rye 
Island 
 
Introduction 
Floods that occurred in Slovakia in May and 
June 2010 were exceptional from a 
hydrological point of view. Due to the 
meteorological situation in April and May, flood 
situations occurred simultaneously in almost all 
river basins. Due to the saturation of the river 
basins from previous precipitation and their 
repetition, the retention capacity of river basins 
was very limited. The groundwater rose, 
causing major problems. These devastating, 

almost widespread floods caused the ruptures 
of dykes, road-washing, landslides, the 
destruction of bridges, the demolition of 
houses or their partial destruction, flooded 
cellars and underground spaces (garages), 
contaminated drinking water in wells, flooded 
railways and farmlands. Five people lost their 
lives, and more than sixty were injured. 
Thousands lost their homes (Blahová et al., 
2010). 

 

 
Fig. 1:  The course of water level at the gauging station 6775 Kolárovo (with the designation of the 

degree of flood activity, DFA) and the course of the groundwater levels in breholes no. 630 and 2628 
in Kolárovo; daily total precipitation in the rain gauging station 17720 Dedina Mládeže – hydrological 

year 2010 (SHMI, 2020)
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In the second half of May 2010, significant 
increases in water levels were recorded in the 
lower part of the Váh River (Fig. 1, Fig. 2), 
when the water level in Kolárovo reached the 
level of the 2nd degree of flood activity (Fig. 1). 
The next flood episode happened from June 2 
to 7. The culmination in Kolárovo took place in 
the night of June 6-7 at a level corresponding 
to the 3rd degree of flood activity. In addition, 
the high water level appeared in the Danube 
River (Fig. 2) as well. Almost 50-year flood 
discharge was achieved in Komárno on the 
Danube River what contributed to the increase 
in water levels in the lower part of the Váh 
River. The Váh River in Kolárovo and the 
Danube River in Komárno culminated at about 
the same time (Blahová et al., 2010). 
In the area of the lower part of the Rye Island, 
a gradual rise in the groundwater level has 
been recorded since the beginning of the 
hydrological year 2010 (Fig. 1), with a 
maximum groundwater level at the beginning 
of June. The groundwater level has been 
falling since the end of June with fluctuating 
increases in August and September. The 
reason was, on one hand, the exceptionally 
high precipitation totals recorded in May and 
June, as well as the high water inflow from the 
Nitra River and the Little Danube River (Fig. 2) 
and high water levels on the Danube River 
(SHMI, 2010). In some groundwater level 
observation boreholes the maximum measured 
groundwater levels were exceeded in 2010, 
while in others the measured heads 
approached the maximum levels observed for 
the entire observation period (SHMI, 2020). 

Materials and Methods 
The problem of groundwater flooding on the 
lower part of the Rye Island, respectively a 
construction of the flood hazard maps, was 
solved by a MODFLOW (Harbaugh et al., 
2000) numerical model developed with the 
Groundwater Modelling System (GMS) 
(Aquaveo, 2019). The study was a part of a 
dissertation thesis developed at the 
Department of Hydraulic Engineering of the 
Slovak University of Technology in Bratislava. 
An area for which the numerical model was 
constructed, was selected on the basis of the 
preliminary flood risk assessment for the whole 
territory of the Rye Island (Fig. 2). The 
preliminary assessment of the groundwater 
flood risk was based on the groundwater levels 
measured using the data in boreholes of the 
State Groundwater Quantity Monitoring 
Network of the Slovak Hydrometeorological 
Institute (SHMI). Data on the maximum 
measured groundwater levels from the 
beginning of the observation to the end of the 
hydrological year 2018 were evaluated in 176 
boreholes (SHMI, 2018) located in the 
intergranular groundwater body of Quaternary 
sediments of the Danubian Basin in the Váh 
watershed area (SK1000300P) (Fig. 2), to 
which the Rye Island belongs. Investigation of 
the measured groundwater levels identify the 
hydrological year 2010 as the year with the 
highest frequency of occurrence of the 
maxima. Therefore, numerical modelling 
focused on this year as one of the possible 
scenarios with negative impacts of rising 
groundwater levels. 

 

 
 

Fig. 2: The maximum measured groundwater levels in the intergranular groundwater body of 
Quaternary sediments of the Danubian Basin in the Váh watershed area (SK1000300P) until 2018 and 

their position in relation to the terrain
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The studied part of the Rye Island is the area, 
in which negative phenomena caused by rising 
groundwater levels can be expected. It is 
therefore the area in which the groundwater 
levels are at a shallow depth below the surface 
and which can be delimited by natural, 
geological or hydrological boundaries. 
The investigated area is bordered (Fig. 3) on 
the north by the Chotárny channel, on the west 
and southwest by the Komárno channel, on the 
east by the Váh River and on the northeast by 
the Little Danube River. 
Geological and hydrogeological characteristics 
of the area of interest were taken into 
consideration from the final reports and 
assessments of the Geofond archive of the 
State Geological Institute of Dionýz Štúr 
(SGIDŠ). 
Data on measured groundwater levels, as well 
as on water levels in rivers, and on the total 
precipitation in the solved locality, were 
provided by SHMI (SHMI, 2020). Water levels 
in the channel system and at pumping stations, 
as well as operation rules of each pumping 
station located in the area of interest, were 

provided by the Slovak Water Management 
Enterprise (SWME, 2020). 
The creation of a steady-state numerical model 
and its subsequent calibration was performed: 

• for the hydrological year 2008, 
specifically for the mean value of 
hydrological parameters in this 
hydrological year. The reason for 
choosing this period is that the 
hydrological year 2008 was “average” 
in terms of precipitation (100 to 109% 
of the long-term normal) for the 
regions of western Slovakia (SHMI, 
2008).; 

• for relatively steady state before the 
flood in 2010 – for the mean value of 
the hydrological parameters in the 
period from November 2009 to March 
2010 (Fig. 1). This model served as an 
initial condition for the numerical model 
of an unsteady solution. 

The unsteady state model simulates the period 
from April 2010 to February 2011. 

 
Fig. 3: Map of calculated piezometric groundwater head for 7th June 2010 [m a.s.l.] (Δ - flooded area) 
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Fig. 4: Map showing the depth of the groundwater level under the terrain [m b.g.s.] 

 
 
Results and Discussion 
Fig. 3 captures the contours of the calculated 
piezometric groundwater head for June 7, 
2010 during the second flood wave culmination 
of the Váh River in Kolárovo and the 
culmination of the Danube River in Komárno at 
the same time. As can be seen in this figure, a 
large part of the area was either waterlogged, 
in the extreme case even flooded due to rising 
groundwater level, what can cause problems 
for buildings (and especially their foundations), 
civil structures (a major problem is caused by 
flooded sewage treatment plants), and this 
may also have a negative impact on 
agricultural production. 
To illustrate the depth of the calculated 
groundwater level under the terrain, Fig. 4 was 
constructed. In addition to flooded areas (with 
a negative value of the depth), it is also 
possible to see the depths of the groundwater 
level under the terrain in the following intervals: 
0.00 - 0.80; 0.80 - 2.00; 2.00 - 3.00; 3.00 and 
more. The value 0.80 was not selected 

randomly, it represents the average depth of 
freezing in Slovakia (STN 73 1001). It is 
therefore the depth in which the foundations of 
non-basement buildings are located. 
 
Conclusion 
The article presents results of a research 
concentrating on the groundwater flooding 
phenomena in the lower part of the Rye Island, 
especially on the construction of the flood 
hazard maps using the numerical model 
approach. The investigated area was chosen 
on the basis of the preliminary flood risk 
assessment for the whole territory of the Rye 
Island. The modelling step concentrated mainly 
on the flood situation in 2010 when the 
exceptionally high precipitation totals were 
recorded in May and June, as well as the high 
water inflow from the Nitra River and the Little 
Danube River and high water levels on the 
Danube River, causing a gradual rise in the 
groundwater level. 
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The flood hazard map which shows the flooded 
area is illustrated in Fig. 3. As it can be seen, a 
large part of the area of interest was flooded 
due to rising groundwater level. This can have 
a lot of negative impacts, e.g. for the 
agricultural production, or even flooding of 
sewage treatment plants and contamination of 
drinking water in wells. 
To show the depth of the groundwater level 
under the terrain, Fig. 4 was constructed. 
Besides the flooded areas, it can be also seen 
the waterlogged areas where groundwater is at 
the depth less than 0.80 m. This value 
represents the mean depth of freezing in 
Slovakia, so the presence of groundwater at 
this depth can cause problems for buildings, 
especially their foundations. Taking building 
with basements into account, also the 
occurrence of groundwater in the depths of 
0.80 to 3.0 can be problematic. 
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Impact of variable intensity of hydropeaking on river morphodynamics 
 

Daniel Buček, Peter Šulek, Peter Dušička, Martin Orfánus 
 

Abstract 
Hydropower plants may cause frequent flow fluctuations – hydropeaking, in order to meet the 
demands of the power grid. This study examines the short-term impact of hydropeaking on 
sediment transport using numerical morphodynamic model. Calibrated morphodynamic model is 
subjected to six hydropeaking scenarios. All scenarios are designed to be limited by operational 
bounds of the considered hydropower plant with minimum discharge of 1250 m3/s and 
maximum discharge of 2750 m3/s. The studied variable of the model is the intensity of 
hydropeaking. In the evaluation phase the cumulative bedload volume is calculated for each 
scenario. The differences of transported volumes for considered hydropeaking scenarios are 
found to be within the margin of error of ca. 3% from the average value and therefore 
considered negligible.  
 
Key words: Danube, hydropeaking, sediment transport, 2D hydrodynamic model 
 

 
Introduction 
The subject of this work is the study of the 
short-term impacts of hydropower plant 
operation on the sediment flow regime. The 
area of interest is the Slovak-Hungarian 
part of the river Danube downstream of the 
Hydropower plant Gabčíkovo from km 1810 
to km 1792 (Sap - Klížska Nemá). This 
section well represents typical problems 
associated with disrupting the alluvial flow 
by a hydropower plant where the continuity 
of the sediment movement by the built dam 
is interrupted (Summer, 1994) (Csiki, 
2010). 
Medium- to long-term morphological 
changes of the river section of interest 
caused by the construction of the 
Gabčíkovo Waterworks are well 
documented in (Holubová, 2015) or (Török, 
2017). During the first 10 years after the 
Gabčíkovo Waterworks was put into 
operation in 1992, the most dynamic 
changes occurred in the river section Sap - 
Medveďov and subsequently downstream 
of Medveďov. The riverbed of the Danube 
deepened by about 4-5 m during that 
period and from km 1798 to km 1780 
developed several meters high deposits 
(Holubová, 2015).  
The current course of the Danube riverbed 
indicates a continuing decrease in slope in 
the upper, more dynamic section (Sap - 
Gönyü). This trend may have an adverse 
effect on groundwater levels and is already 
adversely affecting navigational conditions 
(Holubová, 2015).  
The North-Transdanubian Water 
Directorate in Hungary performs regular 
measurements of the amount of 

transported sediments in the cross section 
of the Medveďov Bridge (km 1806). From 
1998 to 2015, it performed 66 
measurements at various flow rates. The 
analysis of the amount of transported 
sediments showed a decrease of 94% of 
the transport of sediments. Based on these 
findings, there is a presumption that the 
riverbed morphology has stabilized in the 
section Gabčíkovo - Medveďov (Török, 
2017). Decreasing trend of sediment 
transport in this river section was also 
recorded by Holubová (Holubová, 2015) 
independent of the Török study (Török, 
2017). Milder morphological changes are 
expected in the future, for instance slow 
bank erosion, particularly during flood 
events, accompanied by a slight riverbed 
aggradation (Török, 2017). The primary 
source of the change of the riverbed 
morphology aside from natural flooding will 
be the transformed discharge from 
Gabčíkovo Waterworks.  
The hydropower plant Gabčíkovo, as a part 
of the Gabčíkovo - Nagymaros waterworks, 
was originally designed as peaking power 
plant, with the capacity to compensate for 
the sudden demands in the power grid. Yet 
since its launch in 1992, it has been 
operating as a run-off-river hydropower 
plant. The hydropower plant is designed to 
transform flowrates of up to 5040 m³.s-1 on 
sub-daily to hourly scale. 
 
Material and methods 
In order to study the bed load transport a 
commercial 2D depth averaged numerical 
flow model with sediment transport module 
- Mike 21 FM(ST) is used. The 
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mathematical formulation of the model is 
not the subject of this study - it is described 
in detail in the scientific documentation of 
the model (DHI, 2017).   
The modelled section has a total length of 
ca. 18 km and consists of ~ 82,000 
elements. It is a part of larger, calibrated 
hydrodynamic numerical model specifically 
developed for River Information Services 
(Mišík, 2017). The hydraulic roughness is 
determined independently during hydraulic 
calibration prior any sediment simulation 
took place (Fig. 1).  Grain size distribution 
of the bed load material is the essential 
input data for a sediment transport model. 

An extensive project of riverbed material 
sampling was performed in 2014. Bed 
material samples were taken in a total of 56 
locations along the Danube River channel. 
They were subsequently processed by the 
sieving method in the hydraulic laboratory 
of the Water Research Institute in Slovakia. 
Sampling was carried out from the boat 
using a cylindrical sampler. In the studied 
section km 1810 - 1792, the bottom 
material is very well sorted. It consists 
mainly of fine to coarse gravel with a 
predominantly uniform median grainsize 
ranging from 7.3 mm to 14.4 mm (Lukáč, 
2017). 

 
 

 
Fig. 1: Detail of roughness map of the river section of interest 

 
Sediment transport rate is solved using a 
2D hydrodynamic flow model Mike 21 ST 
(Sand Transport) code, which calculates 
the transport of non-cohesive materials. 
Mike 21 ST code is equipped with several 
sediment transport formulas (Engelund and 
Hansen (1967), Van Rijn (1984), Engelund 
and Fredsøe (1976), Meyer-Peter-Müller 
(1948)) (Engelund, 1967) (DHI, 2017). 
Each of them suited for different type of 
alluvial river. The considered model uses 
the classic Peter-Meyer-Müller relationship, 

which is well suited for studied river section. 
This relationship is derived from river 
systems with slopes ranging from 0.0004 to 
0.02 and dominating bed load over 
suspended sediment in regard 
morphodynamic development. Meyer-
Peter-Müller establishes a relationship of 
dimensionless sediment transport Φ to the 
dimensionless shear stress applied to the 
bottom material by: 
 

 
 

expressed as intensity of sediment transport: 
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Where θ' is the roughness-dependent part 
of Shields parameter [-]; θc is the critical 
Shields parameter [-]; Φbl is the 
dimensionless sediment transport [-]; Sbl is 
the sediment transport [m2/s]; s is the 
specific weight [-]; g is the gravitational 
constant [m/s²]; d50 is the median grain size 
[mm]. 
The uncertainty of the numerical models 
can be minimized if measured data are 
available for calibration and verification. 
Calibration is the adjustment of model 
parameters in order to produce results 
comparable with measured values. 
Subsequent verification of the model 
consists of comparing the results of the 
calibrated with different measurements. It is 
therefore optimal to dispose of two sets of 
measurements. In that case, good quality 
results can be achieved. Even if reliable 
verification data is not available, numerical 
models can provide useful qualitative data. 
For example, they can be used to assess 
the morphological effects of different 
scenarios, where the amplitude of change 
and/or trend is critical. Sediment data for 
calibration are usually rare, requiring 
modeler to make assumptions and evaluate 
the sensitivity and uncertainty of these 
assumptions throughout the modelling 
process. The studied section of Danube 
River benefits from several studies 
(Holubová, 2015), (Török, 2017), 
(Holubová, 2004) and (Camenen, 2011). 
Bedload measurements were taken 
throughout single river cross section at km 
1795.58 for discharges ranging from 
972 m³.s-1 to 4745 m³.s-1 (in six verticals 
during a total of 71 campaigns). Samples 
were collected using a basket-type bedload 
sampler with a mesh size of 3 mm and a 
trapping efficiency of 0.7. Each bedload 
value represents an average of 10 repeated 
measurements to minimize the error due to 
temporal fluctuation in bed load rate 
(Camenen, 2011). Bedload data originating 
from this study provide extensive 
foundation for proper calibration of a 

morphodynamic model of studied river 
section. 
Calibration parameters are selected by 
assessing relative sensitivity and 
uncertainty of each model input. Hydraulic 
roughness belongs to the category of high 
sensitivity, but low uncertainty. Proper 
calibration parameters should be high in 
sensitivity and uncertainty (Gibson, 2017). 
Median grain size meets both 
requirements. Small error in median 
grainsize can result in large error in 
transport rate. With median grain size of 8 
mm a reasonable agreement of the model 
with measurements is achieved. Measured 
median grain size in studied river section 
ranges from 7.3 mm to 14.4 mm (Lukáč, 
2017).  
Comparison of measured bedload and 
simulated bedload of calibrated model is 
depicted in Fig. 2. It has to be noted that 
the simulated bedload near the right bank is 
significantly lower than the measured 
bedload. This can be attributed to shift of 
flow paths due to point bar formation on the 
right side of the river channel, which 
developed sometime between years 2002 
and 2013. There can be identified ca. 2 m 
riverbed elevation difference near right 
riverbank can be identified in Fig. 2. Most of 
the discharge is concentrated in the zone of 
highest flow depth (station 50 m - 150 m). 
For this reason, the measurement values 
from station 50 m to 150 m are considered 
as more decisive during the calibration 
process. 

 

 
In order to study the short-term impact of 
hydropeaking on sediment transport, the 
calibrated model is subjected to various 
hydropeaking scenarios. The regulatory 
aspect of the hydropower plant is 
represented by the change in flow rate over 
time. The studied parameter is the ramp-up 
and ramp-down intensity of both ascending 
and descending arm of each hydro peak 
fluctuation of the hydrogram expressed in 
m³.s-1.h-1.  
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Fig. 2: Comparison of measured bedload and simulated bedload for various flow conditions 

 

In order to isolate the parameter, all 
scenarios are calculated with equal 
cumulative inflow volume of 377 mil. m³ 
during time frame of approximately 55 h. 
Minor changes in duration of each scenario 
account for the volumetric equality of each 
wave. A total of six scenarios are evaluated 
ranging from 200 m³.s-1.h-1 to 1200 m³.s-1.h-

1 in 200 m³.s-1.h-1 increments. Scenario 1 
limits the change in flow rate to 200 m³.s-

1.h-1 and represents the normal operation of 
the hydropower plant. Subsequent 
scenarios represent gradually intensifying 
hydropeaking. Scenarios are summarized 
in Tab. 1. Additionally, the minimum flow 
rate of each scenario is defined at 1250 
m³.s-1 and maximum at 2750 m³.s-1. This 
range is carefully chosen not to exceed the 
range of the measured calibration data 

(1000 m³.s-1 – 3000 m³.s-1) and thus 
minimizing the error of the experiment 
Results and discussions 
In order to minimize the error, the bedload 
transport is computed for the same cross 
section as it is calibrated (km 1795.58). A 
cumulative bedload volume is calculated 
along the cross section for each 
computational scenario (Tab. 1). For 
illustration, scenario 1 and scenario 6 is 
depicted in Figure 3. The maximum 
percentual deviation from average 
cumulative bedload volume does not 
exceed 3 %. Considering the complexity of 
the model and uncertainty of input variables 
is such a deviation negligible.  
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Tab. 1: Summary of experimental scenarios and their parameters 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
Conclusions 
In order to study the short-term impact of 
transformed flow rates on sediment 
transport downstream of hydropower plant, 
a numerical model is created and 
calibrated. Subsequently the calibrated 
morphodynamic model is subjected to six 
hydropeaking scenarios. All scenarios are 
designed to be bound by operational 
bounds of considered hydropower plant 
Gabčíkovo. The intensity of hydropeaking is 
represented by the change in flow rate over 
time. In the evaluation phase, the total 
volume of bedload calculated for river cross 
section at km 1795.58 is compared for each 
scenario. Computed transported bedload 
volumes are for all scenarios near identical. 
Based on this study, the variable intensity 

of hydropeaking of hydropower plant 23.42 
km upstream of the studied river section 
would have negligible effect on the bedload 
transport. 
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Using a combined 1D and 2D hydrodynamic model to simulate the flood of Bratislava 
 

Martin Orfánus, Jerguš Baďura 
 

Abstract 
The aim of the contribution is to simulate procedure of flood modeling of urban areas. Flood 
modeling of urban areas introduces certain specifics compare to ordinary flood modeling of river 
reaches. For reaching accurate results it is often necessary to model in detail e.g. influence of 
buildings, streets, fences, open channels, sometimes also sewer systems. Extent of modeled 
area is often large and may include whole town and also its surroundings. This example shows 
flooding plain of Bratislava with the reason for rupture of mobile coverage. Model is combined 
which means that it contains specifics of 1D modeling and 2D modeling. The aim of the 
contribution is to show potential impact on urban area after breach of mobile flood protection. 
Results of modeling are shown in last part of the work. 
 
Key words: Mathematical modeling, Flood, Flood protection, Urban area  
 

Introduction 
The territory is the historical part of the 
center of Bratislava. The city was hit by 
major floods in 1991 and then in 1997, after 
which it began to seriously consider the 
extent to which Bratislava needed to be 
protected. In 2002, the city's inhabitants hit 
another major flood. This has resulted in 
accelerating the overall decision-making 
process and building flood protection. 
Fortunately, the flood did not require any 
human sacrifice, but the damage to the 
property was estimated at over 5 million € 
at he most affected Old Town district and 
its historical part of the city center. Between 
2007 and 2010, the city took action to 
implement flood control measures not only 
on the Danube River but also on the 
Morava River. Total costs of flood 
protection in Bratislava climbed to more 
than 30 mil. € of which the Slovak 
government contributed almost 5 mil. € and 
the remainder was funded through the 
Cohesion Fund of the European Union. The 
flood protection consisted of more than 180 
structures in the Danube and Moravia. It 
has been joined to the rise of the levees, 
the construction of the underground walls, 
the mobile protection and many others. 
Bratislava paid the investment because 

already in June 2013 the city flood, which 
was estimated in terms of maximum flow 
3rd largest in history. It has proved to be a 
very advantageous use of mobile 
protection, especially on the left bank of the 
river, where the historical center of the city 
is situated. Instead of the floodplains that 
would have to be built too high and would 
spoil the city's skyline, the foundation for 
mobilization was built. After the flood risk 
was declared, the relevant commission 
decided to increase the crest level by 
mobile portions. Mobile protection has 
ultimately proven to be a decisive solution 
for protecting the urban area. 
Mobile protection was built under Action 2 
of the Bratislava-flood protection project. 
This task was to solve the problems in the 
river section from the station rkm 1868,140 
- 1869,100 Old Bridge - New Bridge (left 
bank). The protection was designed to flow 
in the Danube Q1000 = 13,500 m3 / s + 
0,50 m backup. The design level was set at 
139.85 m. up to 140.45 m. and a protection 
dimension of 140.35 m. up to 140.95 m. in 
the longitudinal slope. The total length of 
the protective line is 1016 m. The protective 
line was designed at two levels of height. 
flood protection [1].  
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Fig. 1: Mobile flood protection 

 
Material and methods 
The role of the practical part of this work is to create a hydrodynamic model of water flow during 
the flood with the HEC-RAS hydraulic software and to analyze its consequences if a mobile 
breach on the left bank of the Danube River in Bratislava during the flood wave culmination. 

 
 

Fig.2: Modeled area (Old town of Bratislava) 
 
 
 
 
 

 
 
 
 
 

Fig.2: Area of flooding source (left corner) 
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Selected locations are located in mobile 
flood protection locations. The breach is 
designed with a width of 6 m, reflecting 2 
mobile payback fields. The cause of the 

interruption is the considered static 
disruption of the mobile payload carrier 
column, which would cause the destruction 
of 2 mobile payback fields.

Table 1: Breach of the flood protectionThe sites were selected as the most sensitive areas 
between the SNP bridge and the Old Bridge, as there is no fixed flood plaque in the places and 
replaced by mobile storage. 

Breach characteristics Value 

Final bottom of breach (m n.m) 137.50 m a.s.l. 
Flood protection upper crest 140.00 m a.s.l. 

Breach  width (m) 6 m 

Breach type Piping 

Trigger water level 138.00 m a.s.l. 

Duration 1 

 

 
 

The model will consist of combinations of 
1D and 2D modeling. Large hardware 
requirements do not allow the whole 
simulation to be assembled using 2D 
modeling, so the 1D modeling is considered 
for profiles in the Danube River. For the 
territory of the historic city center, 
simulation using 2D is used to show in 
more detail the possible risks of individual 
parts of the urban area. The result of the 
modeling is flood maps of the area with 
depth values in individual locations, risk 
analysis of the area and design of the 
intervention plan. 

For a one-dimensional model, the 
computational network is characterized by 
the average distance of the calculation 
profiles [5]. The water flow calculation is 
carried out in this type of modeling in the 
form of a water flow description, in the 
direction of flow of water on transverse 
profiles with a defined location in the space. 
This means that in the case of 1D 
modeling, the spatial location is shown as 
the stationing of each profile with the 
bottom and side dimensions of each profile. 
By combining the individual data from the 
graphical solution, the longitudinal profile of 
the given water flow [6]. 
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Fig.3: Hydrograph 

 

The transition from 1D modeling of free 
surface flow of free water to 2D 
mathematical modeling allows us to get a 
better quality class. Flexible computing 
allows us to concentrate on important areas 
(line structures, populated areas, etc.) 
where we either need more accurate 
results or expect rapid changes in water 
flow. The flexible computing network is 
ideal for less important areas (the edge of 
the calculation element should be larger - 
50-100 m) and the important regions (the 
edge of the element is in the order of 
dozens of meters). 2D modeling gives us 
spatially localized modeling results (height 
of the level in the model element, 
components of the average depth averaged 
velocities in the model element. 

 
The river is usually the main source of 
floods in the city. The flow through is often 
included in the 2D city model, but this is not 
a prerequisite. The riverbed is often also 
modeled using a 1D model, and the 
detailed 2D model then covers only the out-
of-river area. Such a 1D and 2D modeling 
has its advantages but also a lot of 
unknowns. 
The river bed is contained in a 2D model - 
the shape of the model's network model is 
adapted to the channel path. In the case of 

an unstructured computation network 
composed of triangular and quadrangular 
elements, it is advisable for the riverbed to 
be covered with quadrangular elements 
oriented with a longer dimension in the 
direction of flow. Proper computer network 
layout can reduce the number of 
computational cells in the model and allow 
for a more time-consuming calculation, 
helping to reduce calculation times and 
hence streamline the financial simplicity of 
simulations.  
Covered sections of smaller streams are 
often found in cities. These can be modeled 
as closed profiles using a 1D model, similar 
to sewerage. Flow rates that exceed the 
capacities of the covered flow sections flow 
across the surface and model with a 2D 
model [7]. 
The river bed is not included in the 2D 
model - the trough can be contained in a 
separate 1D model. The modeling results 
for the 1D region are then used as inputs or 
as boundary conditions for the 2D region. 
 
Results and discussion 
For the area of area of interest, there is a 
critical presence of several important 
buildings in the vicinity of the breach. 
Among the most important are buildings 
such as the Slovak National Gallery, the 
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Slovak National Museum and the historical 
building of the Slovak National Theater, the 
Faculty of Law and many others. 
Flooding of buildings of this importance 
would cause a great deal of problems not 
only because of the threats to the buildings 
themselves but also the risk of deterioration 
of the exhibits and equipment of the interior 
parts of buildings. As can be seen in the 
figures below, the flood caused by the 

breach of the spill over 90 minutes will flood 
the building of the Slovak National Gallery, 
the Slovak National Museum as well as the 
hotel buildings at the SNP Bridge. 
 
 
 

 

Fig.4:1D model 
 



 Journal of Landscape Management (2020) Vol.: 11 / No. 1 

   

23 

 
 

 
Fig.5: Map of depths in time 

 
 

The flood of hotel buildings is the biggest 
issue because of the existence of 
underground garages in these buildings. 
What matters is the substitution of 
entrances to these garages in order to 
protect against water ingress. The water in 
3 hours will flood streets like Vajanského 
nábrežie, Medena street, Fajnorovo 
nábrežie, Palackého a Rigeleho ul. After 4 
hours, thestrteet Šafárikovo square is 
flooded and the water penetrates the 
Pribinova street.After 8 hours from the 
Rázusovo nábřeží, the water floods 
Eurovea shopping center buildings, the new 
building of the Slovak National Theater, the 
building of the Allianz insurance company 
and the remaining buildings on the 
Dostoevsky Street. After 24 hours the water 
flows up to the part of Mlynské Nivy. 
Gradual drying of the area can help rescue 

components from draining water from 
areas. The average depth in the flooded 
area is 0.4 m. The average flow rate in the 
area reaches 0.2 m / s. The water level in 
the sprawling area ranges from 137.9 to 
138.1 m. 
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Physical Modeling of Energy Dissipation Downstream the Hričov Weir  
 

Martin Pavúček, Ján Rumann 
 

Abstract 
The weir of the Hričov water structure was built with an untypical shortened stilling basin. Due to the 
scour development caused by the basin, a rockfill embankment was constructed to prevent the 
formation of scours in the riverbed. The fortification is being eroded by increased flows at the weir and 
subsequently it is necessary to replenish the material back. The research of the Hričov weir and its 
new fortification was made in the flume at the hydraulic laboratory. A 2D model was created according 
to Froude’s modelling similarity. For the possibility to simulate scour creation the model consisted of 
the weir (control gate, spillway, stilling basin) and a part of the downstream riverbed created by gravel. 
The research examined several fortification designs, which were proposed to protect the downstream 
riverbed against scour development. The simulated flows were selected from the operational manual 
and represent extreme flow situations for different hydraulic phenomena – overflow, outflow and free 
overflow. After each flow simulation the parameters (depth, amount of the material carried away, and 
the deepest point) were measured. The results of modeling situations are shown in the paper. 
 
Key words: Energy dissipation, Hričov water structure, Scour, Stilling basin, physical hydraulic 
modeling 
 

Introduction 

Energy dissipation and scour development is 
closely associated with dimensions of the weir. 
In case of water overflow or outflow through 
the gates, there is almost always a relatively 
high specific flow rate. It requires a strong 
fortification of riverbed downstream, so that the 
safety of the weir itself is not endangered by 
the scouring effects in the riverbed. 
Dimensions of the downstream fortification are 
designed according to the character of the 
flow. Retroactively, the character of the flow 
can be affected by the shape and dimensions 
of downstream fortifications. The most 
common form of energy dissipator is the stilling 
basin. (Doležal, 1969) The design of the stilling 
basins may include expansions, drops, steps, 
blocks, baffles and sills. They are typically 
used to decrease the basin length and stabilize 
the jump toe position. Baffle blocks were 
investigated in submerged hydraulics jumps by 
(Habibzabeh, 2012). Stilling basin that was 
designed at the river-bed level was analyzed 
by (Raju, 1980) and baffle blocks and sills 
were used to force the hydraulic jump to the 
toe of the spillway. To minimize scour by using 
corrugated aprons which is the stilling basin 
with installed triangular sheets was 
investigated by (Ali, 2014).  
The original design of the stilling basin at the 
Hričov weir was planned with the depth of 1.85 
m and the length of 41 m. However, due to the 
cost reduction, the size of the weir structure 

was reduced (piers, stilling basin), where the 
dimensions of the stilling basin were 1,5 m in 
depth and 4 m in length (Fig. 1). After 
investigations on the shape of the toe of stilling 
basin a final shape has been designed which 
was leading the flowing water to a backwards 
circular motion, that moves the bed material 
back to the toe of the stilling basin. This flow 
design was intended to prevent the 
foundations from being exposed. The Hričov 
weir was put into operation in 1962. After the 
first flood, large scours were recorded, that 
reached up to the bedrock layer. Scours 
almost unveiled the foundations, what could 
cause disruption of the weir’s stability. 
Therefore, it was necessary to design a 
fortification which would eliminate the scour 
development. 
A temporary fortification made of heavy rock 
reinforced by a steel structure was constructed 
in the riverbed downstream just below the weir 
as a result of the investigations for a low-cost 
durable solution. But not even this could 
entirely prevent the formation of scours. After 
every flood situation on  
the weir the occurring scours in the riverbed 
need to be filled with material. 
 
Material and methods 
A two-dimensional physical model of the 
Hričov weir was created in the hydraulic 
laboratory. The model was fitted in a flume 
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(Fig. 2) as a section of one of four weir fields 
with twin radial gates that control the flow 
through the weir. To enable the simulations of 
scour creations and development, the 
downstream riverbed was created from a 
gravel material (grain size 2-5 mm).  
Froude’s modeling criterion was used in the 
design of the physical model. This criterion 
represents the dynamic similarity of the 
hydrodynamic phenomena effected by the 
exclusive action of gravitational forces. 
Different  hydraulic phenomena were simulated 
on the model (outlet under the gate, overflow, 
dissipation of kinetic energy etc.), which are 

mostly affected by gravitational force. The 
basic geometry scale of the model is 1:40. 
According to the Froude’s modeling criterion, 
the scales for other relevant physical quantities 
are as follows: flow rate 1:10 119; specific 
discharge 1:253, time 1:6.235 and velocity 
1:6.235 (Dušička, 2018). 
The discharges at the model were based on 
the operational manual of the Hričov water 
structure and were considering different 
operational situations. For the purposed of the 
paper 3 different discharge scenarios were 
selected.

 

 

Fig. 1: Original and shortened dimensions of the Hričov weir 
 

 

Fig. 2: The 2D physical model in flume at hydraulic laboratory 
 

Every simulation and started with a leveled 
downstream riverbed and the flow simulation 
lasted 15 minutes of the model time. After each 

simulation, the depths of the created scour 
were measured along the axis of the model 
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with a laser gauge used for a contactless 
measurement.  
Main parameters of the assessed scenarios 
are listed in Tab. 1. 
Different sizes and shapes of the riverbed 
fortifications and the secondary stilling basin 
were investigated (Fig. 3).  

Basic dimensions of the fortifications are in 
(Tab. 2). Each of these designs were tested for 
the 3 selected simulation scenarios. 
 

 
Tab. 1:  Parameters of the simulation scenarios 

Discharge Gates 
opened 

Total 
discharge Flow type 

  [-] [m3.s-1]   

Q1 4 1623.00 Outflow under 
lower segment 

Q2 3 2450.00 Freefall over 
spillway 

Q3 3 465.00 Overfall over 
upper segment 

 
Tab. 2: Dimensions of the investigated fortifications 

Depth [m] 
0 0.9 1.8 

Length [m] 

11 IA - - 

18 IB IIB IIIB 

20 IC IIC IIIC 

22 ID IID IIID 

24 IE - - 

 

 
Fig. 3: Scheme of the dimensions of the secondary stilling basin 

 

Results  

Results of the scour measurement for all 
investigated fortification designs were 
compared to the measurements of the base 
variant with no fortification of the riverbed. 
Every result of simulated scenarios was 
compared separately. 

The simulation of discharge Q1 represents 
flood discharge which approaches maximum 
recorded flow at the Hričov weir. The discharge 
flows under the control gates with high kinetic 
energy causing severe load on the riverbed 
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resulting in large scour creation. The best 
effects on scour development reduction for this 
scenario were achieved for the variant with 
depth equal to 0m (flat desk). The scour was 
reduced up to 75% of the depth compared to 
riverbed without fortification. For other variants, 
the fortifications decreased the scours just to 
about 50% what was caused mostly by adding 
a secondary counter sill at the end of the 
fortification which  pushed the flowing water to 
a secondary hydraulic jump and thus caused 
scouring behind the fortification. The simulation 
Q2 represents a 100-year flood discharge and 
has not yet been recorded at the Hričov weir. 
This discharge is considered as a catastrophic 
situation at the water structure, when severe 
problems at weir are to be expected. The 
control gates are fully opened and the 
discharge flows at high kinetic energy causing 
severe scouring and riverbed changes in entire 
riverbed not only in vicinity of the weir. The 

scours in the riverbed were for this discharge 
very large. No significant improvement to the 
scour size was observed for the tested variants 
except the shifting of the scour away from the 
weir structure. The maximum decrease in 
scour size reached about 20% for the 
secondary stilling basin with depth of 1.8 m. 
The fortifications (h=0 m) of the riverbed 
decreased the size of the scour only by 10% in 
each discharge. The simulation of discharge 
Q3 represents maximum discharge overflowing 
the twin radial gates at an increased upstream 
water level and the use of only 3 weir field 
(asymmetric manipulation). In this case, the 
energy of the flowing water can be sufficiently 
dissipated with no significant scouring of the 
riverbed. The results of the measurements 
show for all investigated variants decreased 
scour depths by 80% based on the fortification 
(stilling basin) length. The results of the 
measurements are plotted in (Fig. 4, Fig. 5). 

 

 

Fig. 4: Scour depths for simulated scenarios 
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Fig. 5: Relative scour volume for simulated scenarios 

 
 

The graph shows that the longer fortification 
(secondary stilling basin) has positive impact 
on scours size decrease. The flat fortification 
(h=0 m) at the length of 22 m reduced the 
scour depth by 45%. Further elongation of the 
fortification had slightly better results, but the 
increase in not so significant. Other 
investigated variants reduced scours less than 
20%.  

As well as the depth of scour, the area of 
removed riverbed has decreased, too. It has 
reached more than 70%. The research showed 
that increasing the depth of the secondary 
stilling basin makes the scouring effects in the 
riverbed even worse. This is caused mostly by 
the counter sill of the secondary stilling basin, 
which vertically disturbs the flow in riverbed, 
increasing the turbulence downstream and 
thus increasing the scouring. 
 
Discussion 
The Hričov Water Structure is unique for its 
short stilling basin. Flow through the weir 
causes severe scouring in the riverbed 
downstream the weir. Heavy stone fortification 
was created to mend this problem, but it works 

only partially and needs to be fixed after each 
flood situation. The flow conditions are affected 
by the relatively wide riverbed, high flows and 
relatively high-water level difference at the weir 
and are negatively influencing the scour 
development, when the short stilling basin 
cannot sufficiently dissipate the flow energy. 
Possible solutions to this problem are 
constructions of chute or baffle blocks in the 
existing stilling basin. Similar solution of energy 
dissipation was investigated by (Padulano et 
al. 2017), in their study the authors 
investigated the effects of the placement of 
chute blocks at the end of the spillway and at 
the end of the basin. However, this approach is 
usually only possible with classic long stilling 
basins, where the water energy can be 
sufficiently dissipated, and the blocks help just  
to make this process quicker. Another problem 
at the Hričov weir is the velocity of water flow, 
which is very high, and the blocks would 
probably be abraded soon and would not 
perform to their full function. Several types of 
fortifications were investigated by (Hager, 
1990), who also extended the investigation to a 
jump with a control sill (Hager, 1992), but as 



 Journal of Landscape Management (2020) Vol.: 11 / No. 1 

   

30 

the investigation showed it was not suitable for 
the Hričov weir conditions. 
Presented research investigated 5 different 
lengths of the riverbed fortification (11, 18, 20, 
22, 24 m) at 3 different depths (0, 0.9, 1.8 m) 
which were considered as realizable in current 
conditions and did not required any significant 
modifications of the existing structures of the 
weir. Overall, it was proved that the fortification 
length has a significant impact on the scour 
reduction. The fortification with the length of 22 
m performed best, reducing the scour depth  
by 45% for the main test Q1. Increasing the 
depth of the stilling basin did not have 
significantly positive effects on scour reduction. 
For the extreme flood Q2, there was no 
significant improvement to the scour 
development except of shifting the scour 
position away from the weir by the length of the 
fortification (secondary stilling basin). For the 
Q3 all the tested variants performed similarly 
well. 
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Assessment of the dry periods on the small stream in the western part of Slovakia 
 

Andrej Šoltész, Lea Čubanová, Jakub Mydla 
 

Abstract 
In the context of climate change, the drought balance is coming to the forefront not only of water 
managers, but especially of people who use water and live close to water. The problems with the lack 
of water on the Gidra stream were solved by the citizens of the villages in the lower part of the stream, 
before the confluence with the Dolný Dudváh stream. The impact on water deficit here is not only 
caused by climatic and hydrological conditions, but also by several intakes into reservoirs and 
fisheries. The first step in solving the problem is the evaluation of hydrological data from the water 
gauging station for the monitored period 1961 – 2000, as well as for shorter periods of time in order to 
detect dry months during the year. Based on such a study it was possible then to design operation on 
the intake structures so as not to worsen the situation during the drought. 
 
Key words: Drought, Dry Month, Hydrological Data, M-daily Discharge 
 
 
Introduction 
Drought is a natural phenomenon caused by a 
lack of rainfall which consequently leads to a 
decrease in the amount of water in various 
parts of the hydrological cycle. If the amount of 
available water resources is not sufficient to 
meet the requirements of society, we speak of 
water shortages. Drought and water deficit can 
cause economic losses in key water-using 
industries and at the same time have 
environmental impacts on biodiversity, water 
quality, deterioration of water bodies, loss of 
wetlands, soil erosion, soil degradation and 
desertification (Koncepce na ochranu před 
následky sucha pro území České republiky, 
2017). 
Drought also means a lack of water in the soil, 
plants and atmosphere and has consequences 
for the life of human society. As a result of the 
lack of precipitation, there is a decrease in 
discharges in surface streams, a decrease in 
groundwater levels, in lakes, wetlands and in 
water reservoirs – a hydrological drought 
begins. The duration of low water season is a 
continuous time period during which the 
discharge is less than a suitably selected 
discharge threshold value (Blaškovičová et al., 
2016). 
Hydrological drought is a natural phenomenon 
and is a part of the natural hydrological regime 
of water resources. It represents an 
occasional, rare decrease in the water yields 
and a significant deviation from the average 
state of the natural variability of the water 
regime of the stream. Hydrological 
characteristics obtained from unaffected water 
gauging stations and hydrological balance are 
used for its evaluation (Danáčová et al., 2015). 
The Gidra stream (Fig. 1) springs in the Little 
Carpathians below Baďurka hill at an altitude 

of about 470 m a. s. l., is a right-hand tributary 
of Dolný Dudváh stream. It is 38.5 km long. 
Under the confluence with the Kamenný brook 
is the only water gauging station on this 
stream. It is located near the gamekeeper's 
house above the village of Píla. It supplies the 
Častá ponds, water reservoirs, the larger 
Budmerice reservoir and the smaller Hájiček 
reservoir, the pond in Cífer, as well as the 
Ronava reservoir (through 2 intake structures). 
The most significant tributaries are 
Štefanovský stream and Ronava (most of the 
year is dry). The reason why the dry months at 
Gidra stream were analysed is that several 
ponds and reservoirs are supplied along its 
entire length and at the end at the confluence 
with Dolný Dudváh stream, Gidra shows 
minimal or nearly zero discharge values 
(Šoltész et al., 2019). 
 
The problem of extreme hydrological 
phenomena on the Little Carpathian streams 
was described very precisely by the team from 
Slovak Water Management Enterprise (Spál et 
al., 2019), where, among other streams, they 
also dealt with the Gidra stream. The flood 
extreme manifested itself on this stream in 
June 2011, but at present the most significant 
problem are lower water stages, or drying of 
this stream. 
Based on the hydrological analysis of the 
discharges of the Gidra stream, it will be 
possible to re-evaluate the amount of water 
taken. Minimum residual discharge has to be 
ensured, what allows general use of surface 
waters and secures the functions of the stream 
and the preservation of aquatic ecosystems. If 
it is a question of maintaining the biological 
balance in the stream under the water 
structure a minimum (guaranteed, sanitary) 
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discharge is specified downstream the 
structure. Permits for intakes from surface 
waters are related to selected values of M-daily 
discharges, specifically to Q355d (Blaškovičová 
et al., 2015). 
 
M-day discharge is the average daily discharge 
reached or exceeded after M days in the 
selected period (currently the hydrological 
representative period 1961 – 2000 is 
approved). The period is usually chosen for 
one year. If another period is used, this must 
be stated, for example the M-day discharge in 

the growing season. For M-day discharges 
over a multi-annual period, the symbol M 
indicates the average time of reaching or 
exceeding the relevant discharge in the year. 
330, 355 and 364-day discharges are 
discharges with high probability and in 
Slovakia they are among the most used flow 
characteristics for low water stages in terms of 
use in water management practice and 
environmental assessment (Danáčová et al., 
2015). 
 

 

 
Fig. 1: Gidra stream – schematic view 

 
 
Material and methods 
Hydrological data 
For the needs of analysis of hydrological data, 
data on daily discharges from the Slovak 
Hydrometeorological Institute (SHMI) from 
water gauging station no. 5260 Píla for the 
period 1961 – 2000 were analysed, 
supplemented by data from hydrological 
annuals up to year 2018, which were 
processed in both graphical and tabular form 
(Tab. 1). 
From the performed comparison it is clear that 
for the mentioned period 2009 – 2018 the 

minimum daily discharges (Q355, or Q364) are 
significantly higher (discharge Q364 is more 
than double) than for the reference period 
1961 – 2000. 
In the analysis of M-daily discharges for 
individual years (Fig. 2), we found, that despite 
the finding of higher values of Q355, or Q364, for 
the shorter and more current period 2009 – 
2018, the last two years appeared to be 
extremely dry according to this data set. 
Therefore, these “dry” years (2017 and 2018) 
were evaluated separately (Tab. 2) for 
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comparison with longer reference periods 
(Tab. 1). 
From the comparison of data in Tab. 1 and 
Tab. 2, it is clear that in the reported last two 
years, the values of the minimum M-daily 
discharges (Q355, or Q364) are really extremely 
low. 

In Fig. 3 are shown the average monthly 
discharges at Gidra stream for the observed 
period 2009 – 2018, where the non-uniform 
distribution of water content within individual 
months is evident, whereas the most water 
occurred in the spring and winter months. 
 

 
Tab. 1: Average daily discharges reached or exceeded average during the year for the period 2009 – 
2018, or 1961 – 2000, for Gidra stream, water gauging station no. 5260 (Píla), approx. rkm 33.3 

Days in a 
year 

2009 – 2018 1961 – 2000 
m3.s-1 m3.s-1 

30 0.634 0.698 
90 0.333 0.340 
180 0.200 0.180 
270 0.116 0.106 
330 0.084 0.070 
355 0.071 0.050 
364 0.065 0.030 

 

 
Fig. 2: Flow duration curve of M-daily discharges in single years on Gidra stream in the profile of the 

Píla water gauging station for the period 2009 – 2018 
 
Tab. 2: Average daily discharges reached or exceeded average during the year for the period 2017 – 
2018 for Gidra stream, water gauging station no. 5260 (Píla), approx. rkm 33.3 

Days in a 
year 

2017 – 2018 
m3.s-1 

30 0.225 
90 0.170 
180 0.117 
270 0.063 
330 0.038 
355 0.031 
364 0.029 
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Fig. 3: Average monthly discharges on the Gidra stream in the profile of the Píla water gauging station 
for the period 2009 – 2018 

 
 
Drought assessment according to SHMI 
methodology 
Since we used the term “dry, or extremely dry” 
month, dry months on the Gidra stream 
according to the SHMI methodology were 
evaluated. The occurrence of relative values of 
monthly discharges in time and space is 
analysed, as well as the frequency of 
occurrence of low-water months and days in 
the reference period, in comparison with the 
range of corresponding M-daily discharges, 
which represent low water stages (Q364 and 
Q355). Discharge values of 80 – 120 % Qma 
(note: Qma are long-term average monthly 
discharges) are considered to be values close 
to the corresponding long-term values. Flow 
rates below 80 % Qma represent under normal 
water levels. So we can talk about the 
following reference quantiles: 
• 1st quantile (120 to 80 % of Qmes1961-2000 – 

normal water levels), 
• 2nd quantile (80 to 40 % of Qmes1961-2000 – 

under normal water levels), 
• 3rd quantile (less than 40 % of Qmes1961-2000 

– critical value of water levels). 
From the overall analysis of long-term monthly 
discharges in long-term unaffected stations of 
the state hydrological network, it is clear that in 
periods of low water (i. e. periods of summer-
autumn and winter months), the value of 40 % 
Qma approaches up to 355-day discharge, 
which confirms the assumption that monitored 
discharges below this limit (< 40 % of Qma) 
may already indicate the state of hydrological 
drought. With a limit of 20 % of Qma in these 

months, the values at many stations are below 
364-day discharge. If such a situation really 
occurs, it is already extra extreme in terms of 
drought assessment (Blaškovičová et al., 
2019, Danáčová et al., 2015). 
Thus, dry months are assessed on the basis of 
average monthly discharges for individual 
months of the year, where a dry month is 
considered to be such that 40 % of the 
average monthly discharge is less than Q355, 
while the value of Q355 = 0.050 m3.s-1 was 
considered (SHMI for the period 1961 – 2000, 
Tab. 1) and Q355 = 0.071 m3.s-1 (evaluated for 
the shorter reference period 2009 – 2018, Tab. 
1) (Šoltész et al., 2019). 
 
Results and Discussion 
In Tab. 3 shows the evaluation of dry months 
for the period 2009 – 2018 using the value of 
Q355 = 0.050 m3.s-1 for the SHMI reference 
period 1961 – 2000 (Tab. 1). Based on such 
an evaluation, we can state that the only dry 
month in the evaluated period is the August. 
When comparing the mean monthly discharges 
with the value of Q355 = 0.071 m3.s-1 for the 
evaluated period 2009 – 2018 (Tab. 1), the dry 
months are the months July till November 
(Tab. 4).  
Finally, we evaluated in Tab. 5 and Tab. 6 
period of the last two monitored years, i. e. 
2017 – 2018 taking into account the value Q355 
= 0.050 m3.s-1 for the SHMI reference period 
1961 – 2000 (Tab. 1). In this case, the dry 
months are May till October. When comparing 
the average monthly discharges with the value 
Q355 = 0.071 m3.s-1 for the evaluated period 
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2009 – 2018 (Tab. 1), the dry months are in 
the whole period from May to December, which 

is alarming! 
 

 
Tab. 3: Evaluation of dry months for the period 2009 – 2018 at Q355 = 0.050 m3.s-1 

 
 
Tab. 4: Evaluation of dry months for the period 2009 – 2018 at Q355 = 0.071 m3.s-1 

 
 
Tab. 5: Evaluation of dry months for the period 2017 – 2018 at Q355 = 0.050 m3.s-1  

 
 
Tab. 6: Evaluation of dry months for the period 2017 – 2018 at Q355 = 0.071 m3.s-1 
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In addition to the evaluation of dry years, 
based on data from the SHMI, we made an 
overview of the average monthly discharges 
for each month of the year for the reference 
period 2009 – 2018. This analysis indicates to 
the water content, or low water stages in 
individual months of the year, when it is clear 
that the biggest amount of water in the Gidra 
stream is in the period January – April and the 
lowest stages are in the summer and autumn 
months, which is fully according to the 
evaluation of dry months. 
 
Conclusion 
The analysis of dry months on the Gidra 
stream was carried out on the basis of the 
requirements of the public, because in its lower 
section there was a significant decrease in the 
water level regime in the stream. The results 
pointed to a relatively long low-water period 
during the year, whereas 2017 and 2018 being 
extremely dry. Based on such an analysis, it is 
then clearer where the water "losts", as the 
Gidra stream subsidizes the reservoirs and 
ponds mentioned in the introduction (Fig. 1). 
Although these intakes are controlled by the 
operation rules of individual structures, it is 
necessary to harmonize them, to be able to 
control their amount and ensure a minimum 
residual discharge downstream these 
structures. 
As more significant fluctuations in the 
hydrological cycle can be expected due to 
climate change, dry and low-water periods are 
likely to occur with higher periodicity. Only 
appropriate water management on the stream 
can help to overcome such adverse periods. In 
the future, therefore, it will probably be 
necessary to re-evaluate the operation rules of 
the structures on the Gidra stream and adjust 
them so that they can rehabilitate the flow 
regime in Gidra with the accumulated water 
from their storage space so that life preserves 
in the stream. 
 
The paper was developed within the frame of 
and based on the financial support of the 
VEGA 1/0800/17 project and APVV-16-0278 
project. 
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Selected reasons of the watercourse revitalization (comparison with dams – for example Hulin) 

 

Miloslav Šlezingr 

 
Abstract 
Revitalization of a watercourse is not the basic regulation of a watercourse. The watercourse 
revitalization deals with the return of a watercourse including the near or distant surroundings into a 
state, which would originate by the continuous development of the given region, ie without a possibility 
of the effect of destruction factors (either due to the effect of anthropogenic activities – unsuitable 
regulation of a watercourse, discharging toxic substances into a watercourse, withdrawal of the 
substantial amount of water necessary for life in the watercourse etc. or through a natural disaster – 
volcanic eruptions, fires etc.). Just the enumeration and analysis of basic reasons of the watercourse 
revitalization is an important element of knowledge when, how and why to revitalize. It results in the 
set of basic revitalization procedures, which can fundamentally differ just according to reasons 
revitalization.  
 
Key words: water, revitalization, stabilization, river, ecology 
 
 
Introduction 
The aim of the paper is to present the 
summary of basic reasons of the revitalization 
of watercouses. Of course, an impression may 
not originate that all interventions into the river 
network were unsuitable and deserved 
condemnation. On the contrary, the majority of 
regulations have been inevitable 
corresponding to the development and needs 
of human society. However, in the course of 
time, many come to realize that the regulations 
could be carried out otherwise, environmentally 
friendly. The scale of values of the given 
society is also important, as well as the degree 
of social development, the society wealth and 
common human concern for the future. In the 
following text, we will focus on the enumeration 
and analysis of reasons of the watercourse 
revitalization. In conclusion, proposals of 
potential revitalization elements will be 
presented.  
 
Materials and methods - Possible reasons of 
revitalization 
Unsuitable watercourse regulations in the past  
Measures related to the river bed carried out in 
the past (and unsuitable according to the 
present aspect) are perhaps the most frequent 
reason of the watercourse revitalization. These 
regulations of the river bed but particularly of 
river banks were often based on an idea that 
above all, fast draining the potential flood 
waters from a drainage area was the basis of 
flood control protection of the given locality [1], 

[4]. Thus, adapted interventions into the river 
system resulted in changes in the directional 
line of watercourses (particularly because of 
their channelization including the disposal of 
false channels and cut-off meanders), 
preference of the tuff stabilization of river beds 
and banks (among others for reasons of 
smaller roughness in the river bed), vegetation 
in the bank zone was very often removed, 
interactions between water in the river and 
surroundings was minimized. Also economic 
reasons, viz. easier cultivation of consolidated 
land, easier access to field tracks etc. resulted 
in unsuitable measures particularly on central 
and lower reaches of rivers (due to water 
management and ecological aspects). The 
river bed stabilization was based on a 
possibility to use heavy machines, maximum 
building mechanization including the use of 
prefabricated elements and concreting in 
place. However, fast draining the surface water 
by the system of watercourses results always 
in the threat of localities situated on lower 
reaches. Thus, resulting solution consisted in 
the construction of reservoirs and many times 
even water-management systems (the Vltava 
and Váh rivers water-management systems). 
These hydroengineering structures had, have 
and surely will have their importance from the 
aspect of flood-control protection, production of 
electric energy etc. However, at many places, 
it disturbed irreversibly the landscape 
character and affected river ecosystems.  
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Fig. 1: Unsuitable watercourse regulation outside the town residential area – long direct line (river 

banks are stabilized by heavy riprap, streamside accompanying vegetation is insufficient) – effects in 
the landscape do not function naturally. Such treatments were many times “forced” by requirements on 

the part of an agrarian sector. Illustration photo. 
 

 
 

Fig. 2: Unsuitable watercourse regulation outside the town residential area Illustration photo. 
 
 
Part of unsuitable treatments in the past 
consisted in an unambiguous tendency to the 
proposal of the “systematic regulation of a 

watercourse”. This way of treatment results 
from a definition of the steady uniform flux in 
open river channels. It is good that at the 
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uniform longitudinal gradient I and uniform 
cross profile A 

 
I = const. 
A = const. 
 

also speed v and thus also discharge Q are 
constant.   
Within the design and implementation of the 
systematic regulation of a watercourse, mostly 
a uniform river channel originated of the same 
width at the river level, very often also with the 
uniform type of bank stabilization. In the similar 
sense, the streamside accompanying 
vegetation is subsequently designed – stands 
in regular spacing, often we can see alley 
plantings of one species only, namely many 
times strictly unsuitable species (black poplar – 
cultivar “Italica” with a slim fusiform crown, fruit 
trees – walnut Juglans regia etc.)  
 
Unsatisfactory quality of water in a 
watercourse  
The long-term unsatisfactory quality of water is 
another important reason of the necessary 
revitalization of a watercourse. This situation 
occurs (and many times also occurred in the 
past) particularly on watercourses, which were 
regularly and for a long time loaded by the 

drainage of insufficiently cleaned sewage 
waters, loaded by downwash (including 
residues of fertilizers etc.) from adjacent land 
etc. We do not speak here on an ecological 
disaster, ie situation when a watercourse is 
exceptionally loaded by the significant amount 
of a substrate causing fatal changes in the 
water quality, but about the long-term loading 
of the system [2] [3] [5].  
After a certain time, the stage of “exhaustion” 
occurs and the watercourse, as an ecosystem, 
is no more able to resist long-term loading. 
With the gradual death of higher and lower 
organisms the food chain is interrupted and 
pathogenic organisms predominate and thus, 
the system degradation happens (this affected 
reaches of the Vltava and Elbe rivers and part 
of the Bílina river in the past).  
Dealing with the problem is known – building 
the sewage disposal plants (both industrial 
waste treatment plants and city waste water 
treatment plants), catching the washing 
already at its origin (ie realization of the 
reallocation of land in broad extent) and the 
design of infiltration belts along watercourses, 
consistent and regular maintenance of river 
banks and accompanying vegetation etc. 
However, we refer to a basic problem here, ie 
lack of funds and property relations.  

 
 

 
 

Fig. 3: Eutrophication - cause a significant overgrowing riverbed (M.Šlezingr 2011) 
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Values of the resistance 
r

c  differ in the nature 
depending on the relation between the surface 
water level and groundwater level. In case of 
infiltration 

r
h h> and for the drainage 

r
h h< . 

Numerical models mostly offer the possibility to 
define different values of the resistance for 
infiltration and drainage processes (CI and CD) 
(Zaadnoordijk, 2009; Rushton, Zaadnoordijk, 
2010). Determination of river bed (channel) 
bottom resistance is the matter of model 
calibration. Investigation of 

0
k  and 

0
b  

parameters separately is very complicated. 
There are no relevant river bed resistance 
values in the available literature recommended 
for the modelling purposes.  
 
Approach to dealing with the problems  
It is necessary to realize that the basis of self-
purification processes consists in 
microorganisms stuck to submersed objects 
(root systems, river bed roughness – stones, 
submerged parts of stems, stumps etc.), on 
parts of vegetation growing in a watercourse 
(profundal zone) and in the bank zone (above 
all sublitoral zone).  
Ensuring the permeability of a watercourse 
belongs to principles, which are used at the 
revitalization design. It dos not concern only 
permeability for fish stock but also for all or at 
least the majority of organisms living in the 
watercourse. Here, we encounter the problem 
of cross structures and their usability within 
revitalization measures. A special chapter 
aimed at the design of migration ways deals 
with this problem.  
Another fundamental question at the 
watercourse regulation (particularly at the 
watercourse regulation design) consists in the 
problem of the stream alignment. The 
observance of basic attributes of the 
watercourse regulation is necessary, viz. 
alternating reverse curves, minimization of 
channel straightening; maximum use of 
existing suitable reaches and, at the design of 
the total watercourse revitalization, considering 
the original natural watercourse route [3].  
The design of a longitudinal profile should 
correspond to requirements for the channel 
water biotope. At the same time, it is 
necessary a question of the channel resistance 
and ensuring its function at the flow of high 
waters to correspond to its special-purpose 
function and minimization of the channel 
maintenance requirement. The continuous 
course of the bed vertical alignment is 
unsuitable. At longer reaches, it is necessary 
to divide the channel by changes of the 
longitudinal gradient using sections (reaches) 

with effective roughness, superelevated sills, 
gradient structures (sills, chutes) together with 
depressions, pools and fords, namely 
according to hydrotechnical assessment  
(www.revitalizace vodnich toku). 
A very important aspect of the watercourse 
revitalization design is the proposal of suitable 
streamside vegetation. A vital species-rich and 
spatially stabilized riparian stand (all-aged 
best), ie trees, shrubs and herbs of a sublitoral 
and eulitoral zone.  
The riparian stand continues an accompanying 
stand, which differs somewhat in fulfilling its 
basic functions. At smaller watercourses, 
riparian and accompanying stands often 
merge. At watercourses in floodplain forests, 
trees growing in a greater distance from the 
bank line are also considered to be a riparian 
stand. Thus, the actual condition of the given 
locality is decisive.  
 
Conclusion 
Increasing the ecological stability of a 
watercourse as well as of the whole floodplain 
is an important task of the watercourse 
revitalization, our fundamental objective and 
indicator of the design successfulness and 
subsequent realization. Among others, it will 
become evident in the richer stock of fish in the 
watercourse. Just the frequency and versatility 
of the fish stock provide information on the 
quality of the whole food chain thriving in the 
water environment. Likewise prosperous vital 
streamside vegetation reaching behind the 
bank line gives notice on a steady landscape 
element, which can subsequently serve as a 
basis for the establishment of the territorial 
system of ecological stability in the landscape.  
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