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Abstract 
The aim of the paper is to assess the financial health of selected spa facilities in Slovakia and 
compare the financial health of other spa facilities. Subsequently, determine the differences in the 
financial performance of spa facilities and propose recommendations and measures. This paper is 
devoted to the analysis of financial health of selected spa facilities in Slovakia. Using methods of 
financial analysis and their subsequent evaluation we will propose measures and suggestions for 
analyzed spa facilities. 
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Introduction 
Presently management of the company, either 
managers or owners, follows up development 
of business activity. Information about 
development of business activity can be found 
through financial statements, constructed with 
annual periodicity. Mainly financial reports bear 
information about total transformation process 
of the company – change of input to output. 
The goal of following of business activity 
development presents providing of fluent 
production process, but mainly obtaining of 
financial means by the way of economical 
result. Consequently management of the 
company faces the task how to divide 
economical result – to create funds, to divide 
profit from past time or to invest money?  
Number of authors deals with area of spas in 
Slovakia only from the view of market analysis, 
competition or assumptions for spas 
development. There is a pair of authors, 
dealing with problems of financial analysis, 
cost analysis or financial performance of the 
spas. Boďa et al. (2016) used Z-score from 
Altman, determining trends of various 
Slovakian companies with positive 
development, among which belong for 
example spa Trenčianske Teplice, a.s. In their 
contribution publication mention that 
utterances of Alman Index is after world 
economic crisis lower. Mainly problems of spa 
Trenčianske Teplice, a.s. are analyzed by 
Kačerová (2010), when according using of 
revenue methods of evaluation constructing 
strategic financial plan, which is an assumption 
for determination of spa value Trenčianske 
Teplice, a.s. Yeoman et al. (2004) searches 
cultural festivals, realized in spa to public 
budgets. Some authors tried to predict financial 
health prediction in selected sectors (Gurčík, 
2002), but not many studies are orientated to 
spas area, only for example the research of 
Cabinová et al. (2017), which is orientated to 

analysis of performance and effectiveness of 
spa sector development in Slovakia during 
2013-2017 through application of chosen 
modern method: evaluation of performance 
through economic value added. 
 
Methodology 
Characteristic of the performance can be 
defined by various definitions. According 
European Foundation for Quality Management 
(1999) the idea of performance is defined as 
level of achieved results of individuals, groups, 
organizations and processes. This achieved 
level must be compared with optimal (target) 
value. Comparing would provide identification 
of the state if company provided demanded 
results by its activity (Lesáková, 2004).  
Part of the business performance that can be 
defined through method Balanced Scorecard 
BSC present clients perspective, learning and 
growth, internal business processes and last, 
but not least also financial perspective. We can 
state that financial perspective can be defined 
by financial performance (Hudymačová, 2009).  
Under financial performance we can see file of 
processes for providing of the best possible 
effect between investment and economic result 
(Šulák, 2005). On the other hand under 
financial analysis we can understand file of 
processes with goal to provide information for 
financial and economic management of the 
company and to increase level of external 
subjects’ decisions. Financial analysis presents 
evaluation of business subject, resulting 
prevailingly from accounting information 
(Stašková, 2018).  
During financial analyses there are used 
various methods. Among basic structure 
belong elementary and higher methods. 
Elementary methods represent various types 
of indexes and higher methods describe 
mathematical and statistical methods, as for 
example expert systems, distribution functions, 
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or neuron nets. Due to the goal of the 
contribution we will deal with elementary 
methods, which can be considered as basic 
methods of financial analysis, since they use 
indexes, resulting directly from accounting 
reports elements, or from value, which are 
results of relation between the elements (Zalai, 
2010). Elementary methods used extensive 
and intensive indexes. Extensive indexes 
mean state, flow or difference values that are 
expressed in monetary units. On the other 
hand intensive indexes present rate of two or 
more extensive indexes (liquidity, profitability). 
Table 1 illustrates basic methods of intensive 
indexes. 
 
Tab. 1: Intensive methods of financial analysis 

(Own processing). 
Analysis of absolute – 

state indexes  
Horizontal analysis  
Vertical analysis  

Analysis of difference 
and flow indexes  

Analysis of working 
capital  
Analysis of cash flow 

 
 

Analysis of rate financial 
indexes  

Activity indexes 
Profitability indexes 
Indebtedness indexes  
Liquidity indexes 
Indexes of market value  

 
Analysis of indexes 

systems  

Pyramidal decomposition 
of indexes  
Various types of 
structured indexes  
Analysis of value added  

 
The process of financial analysis begins with 
selection and processing of data for financial 
analysis. The next step is determination of 
proper indexes for the analysis – in case of 
payment ability analysis the chosen index will 
be liquidity, not market value of the company, 
etc. The most important part of financial 
analysis means interpretation of results, which 
goal is to explain analyzed information for the 
need of total evaluation of financial situation of 
the company. The tools of interpretation can be 
commentary of absolute annual increasing or 
decreasing of indexes, percentage annual 
change of values, development of indexes 
values, percentage structure and rate and 
complex indexes (Lukáč, 2017).  
The basic and primary source of information, 
necessary for the financial analysis is provided 
by accounting statements, which are sufficient 
for performing of standard financial analysis. 
But in case of necessity to make more detail 
and sophisticated financial analysis, there is 
necessary to orientate to single accounting 
books and other documents of the company, 
which reflect demanded information, for 
example according daily base. In case of 
situation, when financial analysis is used for 
comparing of company values with other 
company in the same industry, then there is 

necessary to compare the values with medium 
values of financial indexes, which can be found 
in statistical documents from statistical office 
SR, from ministry or other institutions 
(Sedláček, 2011) 
 
Object of the research 
The object of the research in this contribution 
is spa area in Slovakia. First analyzed spa in 
Bardejov, compared with second spa in 
Trenčianske Teplice. Chosen spas are 
analyzed in context of their financial health. 
They had been chosen due to the 
comparability of both subjects due to the 
similar economic results and number of 
employees. 
Spa Bardejov are situated in county Prešov, 
district Bardejov, approximately 5km from the 
city. Spa Bardejov belong between the oldest 
spas in locality of Slovak Republic, since their 
activity began yet in 60ties in 18th Century. Spa 
colonnade consists to 8 healing springs. Spa 
Bardejov provides complex medical care, with 
opportunities for younger and older generation. 
Services are determined as for the payers 
alone, as well as for insured ones of all health 
insurances. Clients of the spa Bardejov are in 
structure 9:10 Slovaks and 1:10 foreigners, 
mainly from Czech Republic, Russia, Ukraine 
and Poland. According SK NACE activity of 
spa Bardejov belongs to 86909 Other medical 
care. Legal form of the business is joint stock 
company, registered in Business register of 
Slovakia – Prešov, odd. Sa, No 303/P in 1997. 
According registration in OR SR the equity of 
the spa presents 9 732 868 EUR.  Spa 
Bardejov presents medium organization with 
number of employees 250-499. 
The spa Trenčianske Teplice belongs similarly 
to the oldest spas in Slovakia, but their history 
is connected yet to 1247. The main wealth of 
the spa is using of thermal water, enriched by 
natural rennet. The goal of the spa is to 
provide special medical care of locomotive 
organs. Single company started its activity in 
1995. The spa is situated in county 
Trenčianske Teplice at the west part of 
Slovakia. According SK NACE the activity of 
the spa belongs to 86909 Other medical care. 
Number of employees belongs according 
statistical office to the category with 250-499 
employees. Spa belongs to legal form joint 
stock company, registered in OR SR in 
Trenčín, odd. Sa, No. 94/R. Volume of equity is 
15 824 908 EUR. 
Sources of information for the research had 
been obtained from Balance Sheet, Loss and 
Profit statement of the spas, reported 
according available accounting legislation in 
Slovakia, defined by Law No 432/2002 Z.z.. 
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The analysis of the accounting data had been 
done during period 2014-2017. Accounting 
information about spas had been obtained by 
the way of database of register of financial 
reports in Slovakia. 
 
Results 
According accounting reports of both spas we 
created illustrative graph, mentioning 
development of economic result after taxes in 
2014-2017. We can see that spa Trenčianske 
Teplice achieves lower economic result after 
taxation in comparison with spa Bardejov. The 
difference in 2014 is 298 655 EUR, in 2015 it is 
758 323 EUR. The lowest difference is in 2016 
in level 150 277 EUR and in 2017 the 
difference of achieved profit after taxation is 
467 370 EUR. 

Fig.1: Development of economic result. 
(Source: Own processing according 

accounting reports). 
 

This part of the contribution is orientated to 
short description of obtained results of 
development in area of rate financial indexes 
from compared spas in Slovakia. We will follow 
up development of liquidity, profitability, 
indebtedness and activity in 2014 - 2017. 
 
Liquidity indexes  
First index of liquidity I. means immediate 
liquidity, expressing possibility of the spa to 
pay the debt in the close future. 
Recommended value is 0,2-0,4. In spa 
Trenčianske Teplice the situation of the index 
is at the demanded level, only in 2015 the 
value was lower, which means problems with 
liquidity and payment ability. Liquidity in spa 
Bardejov achieved lower values in whole 
analyzed period. 

 
Fig. 2: Liquidity I. (Source: Own processing 

according spas accounting reports). 
 

Values of liquidity II., known as common 
liquidity, are expressed by following figure 3. 
Recommended values for the liquidity II are 1,0 
- 1,5. Trend of development in spa Bardejov is 
decreasing. In 2014 and 2015 spa achieved 
optimal value, but in the next years the value 
was decreasing under demanded level. Spa 
Trenčianske Teplice achieved value of the 
index deep under recommended level.  

 
Fig. 3: Liquidity II. (Source: Own processing 

according spas accounting reports). 
 

Total liquidity III. is illustrated by figure 4. 
Recommended value is 1,5 – 2,5. Literatures 
recommend the value of liquidity should not 
decrease under 1. From the development of 
the index we see that except in 2014 in spa 
Bardejov the limit value was achieved. In the 
next years in both spas this value was very 
low, under recommended values.  

 
Fig. 4: Liquidity III. (Source: Own processing 

according spas accounting reports). 
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Indebtedness indexes 
Average value of the index in spa Bardejov is 
at level from 32,5 % in 2014 to 29,4 % in 2017, 
which confirm the situation that the spa is 
financed more by the debts, in rate 3:7 against 
own capital. Spa Trenčianske Teplice is 
financed averagely by debts – by the way of 
bank credits at level 20 % during analyzed 
period. 

 
Fig. 5: Total indebtedness. (Source: Own 

processing according spas accounting 
reports). 

 
The next index serves as supplementary index 
of indebtedness to total indebtedness. The 
goal of interpretation is to determine the rate of 
owners and creditors at the financing of spas. 
Recommended value is 0,5, which means 50 
% owners participation, and 50 % investors 
participation. The level of financing in spa 
Bardejov is averagely 70 % and for spa 
Trenčianske Teplice averagely 80 % in 
analyzed period. 

Fig. 6: Level of financing. (Source: Own 
processing according spas accounting 

reports). 
 

Payment ability means index, evaluating 
insolvency of the company, calculated as rate 
between claims and liabilities. In case the 
index value is over 1, we can speak about 
primary insolvency, in case the index value is 
under 1, we speak about secondary 
insolvency. The value of the index for spa 
Bardejov means, there is secondary 
insolvency; the spa has much not paid claims 
in comparing with paid liabilities. The value of 

the index in spa achieves reverse level – 
primary insolvency – less not paid claims in 
comparing with not paid liabilities. 

Fig. 7: Total payment ability. (Source: Own 
processing according spas accounting 

reports). 
 
Profitability indexes  
Return on equity ROE presents key index for 
evaluation of own capital effectiveness (for 
owner) of the spa, measuring profitability, 
effectiveness of financial management and 
measurement of sources evaluation. Optimal 
value is determined in interval 20 – 25 %, while 
we must say that the higher is profitability, the 
better situation for the company and for the 
owners. The value of the index in spa Bardejov 
is 3,5 % in 2014, fluctuating through 7,4 % 
and 2,8% to final value 5,2 % in 2017. This 
development follows up development of 
economic result of the spa. The spa 
Trenčianske Teplice achieved constant values 
in 2014 and 2015 - 6 % and in 2016 and 2017 - 
7 % profitability of own capital using. 

 
Fig. 8: Return on equity ROE. (Source: Own 

processing according spas accounting 
reports). 

 
The next index from the profitability group is 
index Return on assets. The index gives the 
rate between economic result and property of 
the spa (assets). Recommended value is to 15 
%. The values of the index copy development 
tendencies of the economic result during 
analyzed period. In spa Trenčianske teplice the 
value is 9 %, excluding value in 2015 (8 %). 
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Spa Bardejov achieved value in 2014 - 4 % 
and lately 7,5 %, 3,8 % and in 2017 the ROA 
level was 5,4 %. 

Fig. 9: ROA return on assets development 
(Source: Own processing according spas 

accounting reports). 
 
Activity indexes 
The turnover of assets evaluates how many 
times are assets turn during one year – by this 
way effectiveness of total assets using is 
evaluated. Spa Trenčianske Teplice achieved 
from 2014 growing trend of the index from 74 
turnovers to 115 turnovers in 2016. In 2017 
number of turnovers decreased to 101 
turnovers per year. Index in spa Bardejov 
achieved stable values - 59 turnovers in 2014 
and 2017, mainly at the beginning and at the 
end of the analyzed period.  

Fig. 10: Assets turnover. (Source: Own 
processing according spas accounting 

reports). 
 
Following index presents turnover of stocks, 
illustrating average time (in days), during which 
stocks, invested in spa, are turned through 
consumption to sale. In last analyzed year the 
difference between the indexes in both spas 
was 3 days, while the highest value is in spa 
Bardejov. 

Fig. 1: Turnover of stocks. (Source: Own 
processing according spas accounting 

reports). 
 

Index of collection time of claims enables to 
determine period, during which business 
claims from business of the spa are turned to 
finances (revenues). Spa Trenčianske Teplice 
has the index lower in 2014 and 2015 
averagely about 30 days, which means one 
month. The situation was improved in 2016 to 
7 days difference and in 2017 to 14 days. 

Fig. 12: Payment terms of business claims. 
(Source: Own processing according spas 

accounting reports). 
 

Similar index is covering of liabilities from the 
business, which defines period in days, when 
the liabilities (accepted invoice) are paid to 
business partner. From the following 
development we can see the index in spa 
Bardejov was lower in comparing with spa 
Trenčianske Teplice. The difference in 2015 
achieved yet 175 days. The lowest difference 
in analyzed period was in 2017, presenting 80 
days. It means, spa Bardejov pay its liabilities 
in shorter time in comparing with the other spa.  
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Fig. 13: Period of trade liabilities payment. 
(Source: Own processing according spas 

accounting reports). 
 
Discussion 
During financial analysis we used rate financial 
indexes, representing area of liquidity, 
profitability, indebtedness and activity. The 
supporting method for evaluation of obtained 
result means horizontal and vertical analysis of 
Loss and Profit Statement. Similarly we 
orientated also to the development of profit in 
both spa. Following graph illustrates 
differences of analyzed indexes in the spas.  

 
Fig. 14: Comparing of chosen financial indexes 

in analyzed spas. (Source: Own processing 
according spas accounting reports). 

 
Conclusions 
Obtained results speak about necessity to 
improve financial health of the spas. Improving 
of policy to cover the liabilities can be a 
possible suggestion for financial performance 
of the spas improving. This measurement is 
orientated to spa Trenčianske Teplice. This 
way of liabilities covering is proper due to the 
certain “covering” of the property. The principle 
is, the liability becomes source for property 
covering. Such covering is cheaper in 
comparing with credit, since during such 
financing spa does not need to pay interests 
and any other fees, connected with providing 
of the financial source. On the other hand spa 
become untrusted for suppliers and long-term 

of liabilities covering can cause the problems in 
the future, as well as number of conflicts (for 
example of a judicial nature) between spas and 
certain supplier. The next possible 
measurement, which can revive using of spa 
services, and finally to reflect also in improving 
of financial performance of the spa, means 
using of new legislative in the frame of spa, as 
a tool for spa business in Slovakia. The 
changes, established by acceptance of various 
laws and novels, enable development of the 
spa sector. First of the solution is to enable 
hoteliers to decrease prices of the services, 
and by this way their competition would be 
strengthened. This goal should be provided by 
the way of VAT decreasing to 10% for hotel 
and similar short term accommodation, 
operation of campgrounds and recreation and 
holiday camps. Second solution could be 
measurement, speaking about holiday 
vouchers for staying and holidays in Slovakia. 
It means holiday vouchers, by the way of which 
employees of Slovakian companies can spend 
the holiday in the frame of Slovakia with 
financial help from their employer. Limited 
conditions of the holiday voucher means to 
work more than 24 months in the company 
with more than 49 employees, while the 
holiday must be only in territory of Slovakia 
and employee must spend minimal 2 days in 
accommodation facility. It would be proper 
after certain time to analyze their impact to the 
financial performance of the spas facilities in 
Slovakia, which could be subject of future 
research. 
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Assessing the flow homogeneity in the intake of the Stará Ľubovňa small hydropower plant by 

the means of 2D numerical modelling 
 

Lucia Bytčanková, Ján Rumann 
 
Abstract 
The intake structure is the important construction parts of the small hydropower plant, its main task is 
to take water and ensure sufficient water flow to the power plant. Inadequate design of intake 
structures can lead to uneven flow of water to the turbines of the power plant and consequently affect 
performance and operational functions over the lifetime. The flow quality is significantly influenced by 
the flow homogeneity in the intakes, as the inhomogeneous flow velocity distribution has a negative 
impact to the operation of the hydropower plants. This contribution describes the assessment of flow in 
the intake of a low pressure small hydro power plant with respect to the flow homogeneity. 
 
Key words: intake structure, small hydropower plant, flow velocity distribution, homogeneity of flow 
 
Introduction 
One of the most important parts of small 
hydropower plants (SHPP) are the intakes, that 
directly relate to the entire power plant 
function. The intakes are connected to a 
storage reservoir and take water to the power 
plant. A hydraulically appropriate design of the 
inlets is linked to achieving the required 
hydropower parameters. Proper design of the 
intake ensures sufficient water flow and should 
provide minimal pressure losses (Hodák, 
1984). 
A great influence on the flow quality has 
homogeneity of the flow velocity field at the 
turbine intake. An inhomogeneous flow velocity 
field causes negative effects to the turbine 
performance such as decreasing of its 
efficiency or uneven mechanical load to turbine 
unit parts resulting in decreasing of its lifetime. 
Due to reduction of the costs of the project, the 
shapes of intake structures of SHPP with bulb 
turbines are often not correctly hydraulically 
designed. This fact results in operational 
problems of such SHPP (Fisher, Franke, 
1987). 
Flow in intakes can be solved by physical 
models, 2D or 3D modeling. Developing 
measurement capabilities have allowed the 
emergence of objective criteria that evaluate 
the interaction between objects of hydropower 
plant and turbine. The methodology of flow of 
low pressure SHHP is based on the starting 
points of the authors Fisher and Franke. Issues 
related to flow conditions are mostly related to 
low pressure hydropower plants with bulb 
turbines. This method is significantly applied to 
the results of numerical models (Fisher, 
Franke, 1987). 
The paper describes the evaluation of flow in 
the intake of a low pressure SHPP. To assess 
the flow, a 2D numerical model of flow was 

created, which should prove the suitability and 
possible problems of intake structures and 
their construction solutions using 2D modeling 
tools. 
 
Materials and Methods 
The object of analysis of the suitability of intake 
structure design for homogeneous flow 
conditions was the Stará Ľubovňa SHPP,         
a small hydropower plant with bulb turbines. 
The SHPP is located near Stará Ľubovňa on 
the Poprad River. The project consists of a 
weir (2 weir fields with control flaps), a low-
head small hydropower plant with bulb turbines 
and a fish pass. The small hydro power plant 
and weir control system maintains operating 
water level at 520.54 m for which the gates are 
designed. The control is carried out by the left 
field of the weir, through which a flow of up to 
150 m3.s-1 can be released. When larger flow 
rates occur, both weir´s fields are be used 
(Lahký, 2014). 
The power house and structures of the SHPP 
are located on the left bank of the river. The 
design flow of the SHPP is 18.2 m3.s-1 and the 
design head is 3.16 m. The turbines have a 
diameter of 1 290 mm and a maximum power 
is 510 kW for the design flow (Lahký, 2014).  

 
Fig. 1: The small hydropower plant  

Stará Ľubovňa. (Source: Virostko, Janči, Janík, 
2012). 
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The 2D numerical model of flow of the SHPP 
Stará Ľubovňa was created in the River2D 
program. River2D is free software, 2D model 
solve the basic mass conservation equation 
and two (horizontal) components of momentum 
conservation (Steffler, Blackburn, 2002).  
The model geometry was created from the 
altitude data of the SHPP. The bed of the 
stream was considered at a uniform level, the 
intake structure of the SHPP was modelled to 
the real situation. The model used a Manning 
roughness coefficient of 0.025, which 
describes a straight regular gravel bottom 
trough (Hodák, 1984).  
The inlet boundary condition (upstream 
boundary condition) was determined by the 
flow that flows into the modelled area. The 

outflow boundary condition (downstream 
boundary condition) was determined by the 
water level elevation (Fig. 2). 
In the simulations, the boundary conditions 
were changed to approximate the various 
variants of the hydro power plant operation. 
The upstream boundary condition is tagged Qp 
and the flow rates of 18.2 m3.s-1 and 100 m3.s-1 
were used in the calculations. The downstream 
boundary condition determines the operating 
level of 520.54 m., which was changed based 
on the selected scenario. The downstream 
boundary condition was determined by the 
bulb turbine TG1, the bulb turbine TG2 and the 
left flap of weir called WEIR. Overall 10 
different operational scenarios have been 
simulated (Tab. 1). 

 
Fig. 2: Modelling mesh and boundary conditions. 

 
Tab. 1: An overview of simulated scenarios with their boundary conditions. 

 

Upstream boundary 

condition [m
3
.s

-1
] 

Downstream boundary 

condition [m] 
Flow [m

3
.s

-1
] 

Scenario QP  TG1 TG2 WEIR TG1 TG2 WEIR 

I. 18.2 520.54 520.54 - 10.6 7.5 - 

II. 18.2 520.54 520.524 - 9.1 9.1 - 

III. 9.1 520.54 - - 9.1 - - 

IV. 9.1 - 520.54 - - 9.1 - 

V. 100 520.54 520.54 520.54 14.7 15 70.3 

VI. 100 520.493 520.54 520.429 9.1 9.1 81.8 

VII. 100 520.54 - 520.54 13.8 - 86.2 

VIII. 100 520.54 - 520.47 9.1 - 90.9 

IX. 100 - 520.54 520.54 - 19.4 80.6 

X. 100 - 520.54 520.392 - 9.1 90.9 

 
The simulation results were evaluated in 
turbine intake profiles (profile of screenings), 
where the distribution of flow velocities was 
evaluated. The flow velocities in this profile 
were compared with the average flow velocity 
in the turbine intake profile. The comparison is 
expressed by the percentage relative deviation 
of flow rates from the average flow velocity. 
For assessments, flow rates of 18.2 m3.s-1 and 
100 m3.s-1 were selected. A flow 18.2 m3.s-1 

represents the design discharge of the SHPP. 
One turbine unit should be able to process a 
flow 9.1 m3.s-1. A flow 100 m3.s-1 determines a 
flow that is steady and does not cause 
movement of the bottom material. When this 
flow is increased, the flow is considered flood. 
The operating level 520.54 m was determined 
by the operational manual. The operating level 
tolerance is ± 80 mm (Lahký, 2014). 
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Results and discussion 
10 scenarios were simulated. In the scenarios 
I, III., IV., V., VII, IX. the initial model 
calculations were performed. Based on the 
flow distribution, the operating levels were 
adjusted until the flow distribution was even for 
turbines with a maximum flow rate of 9.1     
m3.s-1. The scenarios II., VI., VIII., X. represent 
the resulting distribution of flow and the 
resulting flow velocity maps are shown in 

figures 3, 5, 7, 9. Uneven distribution of the 
velocity fields in the intake structure is obvious. 
The shape of the intake structure affect the 
flow in a way that in a certain section of the 
inlet a flow with opposing direction as required 
occurs. This flow field deformation affects the 
velocity distribution in the turbine inlet (profile 
of screenings), where significant deviations of 
the velocities occur across the cross section 
(Fig. 4, 6, 8, 10). 

 
Scenario II. 
Boundary conditions: 
QP = 18.2 m3.s-1 (total inflow) 
TG1 = 520.54 m; 9.1 m3.s-1  
TG2 = 520.524 m; 9.1 m3.s-1  
           (water level; outflow) 
 

 
Fig. 3 Distribution of flow with vectors 
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Fig. 4 Relative deviation of flow rates from  

the average flow velocity in the profile  
of screenings 

 
 

 
Scenario VI. 
Boundary conditions: 
QP = 100 m3.s-1 (total inflow) 
TG1 = 520.493 m; 9.1 m3.s-1  
TG2 = 520.54 m; 9.1 m3.s-1  
WEIR = 520.493 m; 81.8 m3.s-1  
           (water level; outflow) 

 

 
Fig. 5 Distribution of flow with vectors 
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Fig. 6 Relative deviation of flow rates from 

 the average flow velocity in the profile  
of screenings 
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Scenario VIII. 
Boundary conditions: 
QP = 100 m3.s-1 (total inflow) 
TG1 = 520.54 m; 9.1 m3.s-1  
WEIR = 520.47 m; 90.9 m3.s-1  
           (water level; outflow) 

 
Fig. 7: Distribution of flow with vectors. 
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Fig. 8: Relative deviation of flow rates from  

the average flow velocity in the profile  
of screenings. 

 
 
 
 

Scenario X. 
Boundary conditions: 
QP = 100 m3.s-1 (total inflow) 
TG2 = 520.54 m; 9.1 m3.s-1  
WEIR = 520.393 m; 90.9 m3.s-1  
           (water level; outflow) 

 
Fig. 9: Distribution of flow with vectors. 
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Fig. 10: Relative deviation of flow rates from  

the average flow velocity in the profile  
of screenings. 

Conclusion 
The contribution describes the assessment of 
flow conditions in the intake structure of a 
small hydropower plant with bulb turbines by 
the means of a 2D numerical model. Overall 
the use of this model shows its suitability for a 
quick analysis of flow conditions in intake 
structures of SHPP.  
The application of this method on the Stará 
Ľubovňa SHPP shows that there is a 
significant uneven distribution of flow velocities 
in the inlets of the turbine units. Figures 4, 6, 8 
and 10 show relative deviations of flow rates 
from the average flow velocity in the profile of 
screenings. The relative deviations of flow 
velocity vary from almost + 90% to – 90%, 
which proves great inhomogeneity of the flow 
conditions it this area.  The realized simulation 

showed that not only the flow conditions, but 
the shapes of the intake structure negatively 
affect the flow resulting in a significant uneven 
distribution of flow to the turbine units.  
To improve the conditions, modifications to the 
intake structure have to be made. 
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Assessment of the proposed cross section of the fish pass respecting hydrofauna 
requirements 

 
Lea Čubanová 

 

Abstract 
Designed fish pass cross section should be suitable for occurring ichthyofauna. The main criteria are 
velocities, but not only maximum flow velocity or average velocity, but also velocities nearby banks or 
at the bottom. These velocities are the most important indicator for the weak individuals from the 
detected fish zone. The velocity-area method is the most common method for the determination of 
discharge in open channels, but here is used vice versa for the cross section design bounded by 
prescribed parameters of the fish zone. As an example is showed verification of the proposed fish 
pass in the bream fish zone on the river of the Slovakia lowland. 
 

Key words: Design Parameters, Fish Pass, Fish Zones Hydraulics, Hydrofauna, Velocity-area Method 
 
 
Introduction 
The legislative framework regarding fish 
passes is already set in the Water Framework 
Directive 2000/60/EC of the European 
Parliament and of the Council of 23 October 
2000 establishing a framework for Community 
action in the field of water policy. It requires the 
following environmental objectives to improve 
the hydromorphological conditions of the 
streams (Directive 2000/60/EC): 
- making passable rivers by fish passes as 

part of water structure, construction of 
bypasses or modification or rebuilding of 
archaic water structures with flood 
protection purposes to more 
environmentally friendly ones, 

- adherence to minimum ecological flow 
rates under the points of water 
consumption and downstream water 
reservoirs. 

Following this Directive, the Water Plan of the 
Slovak Republic has been created, identifying 
migration barriers with a significant impact on 
the longitudinal continuity of rivers and habitats 
(Annex 8.4a of the updated Water Plan of the 
Slovak Republic (2015)). The nominal list of 
barriers for the years 2015 - 2021 consists of 
710 migration barriers. 
In terms of fulfilling Slovakia's commitments to 
the European Water Framework Directive, the 
migration barriers on the Slovakia streams are 
removing. The new designed and constructed 
fish passes should fulfill requirements 
prescribed in the methodological guideline of 
the Ministry of Environment of the Slovak 
Republic „Determination of suitable types of 
fish passes according to the stream typology“ 
(Metodické usmernenie MŽP SR, 2015) or 

Decree No. 383/2018 Coll. of the Ministry of 
the Environment of the Slovak Republic 
(Vyhláška 383/2018 Z. z. MŽP SR). 
 
Material and methods 
Velocity-area method 
This method used for discharge determination 
measuring velocities throughout cross section 
in open channels can be also use for the 
verification of the designed cross section 
whether prescribed velocities near banks and 
bottom were achieved. By this method the 
profile is divided into several parts by vertical 
lines (Fig. 1). 

 
Fig. 1: Proposed cross section divided into 

segments for velocity-area method. 
 
The value of the average vertical velocity in the 
segment with the width bi, and the depths yi is 
determined by the following procedure 
(Metodické usmernenie MŽP SR, 2015): 
- the profile is divided into several parts - 

segments, then for each segment pi is 
calculated the flow area Si: 
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Si – area of the segment, 
bi – segment width in the water level, 
hi,(x-i) – the depth on the right side of the 
segment, 
hi,(i-y) – the depth on the left side of the 
segment, 
- wetted perimeter Wi – for the calculation of 

the wetted perimeter in the velocity-area 
method, several methods are given in the 
literature, the method used below is taken 
from the HEC-RAS mathematical model 
manual. In this method, only the length of 
the water-bottom contact is counted into 
the wetted perimeter of the segment: 
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- hydraulic radius Ri: 

i

i

i
W

S
R =     (3) 

- Chezy´s factor of flow resistance Ci 
(Manning equation): 

6
11

ii
R

n
C ⋅=     (4) 

n – Manning roughness coefficient,

 - channel conveyance Ki: 

iiii
RSCK ..=

 

  (5) 

- mean vertical velocity vmi in segment i: 

oiimi
iRCv ..=     (6) 

io - longitudinal slope of the river bed. 
Discharge in whole cross section is calculated 
as sum of the discharges by the individual 
segments according to the equation 
(Metodické usmernenie MŽP SR, 2015): 
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Average cross-sectional velocity for whole 
profile (Metodické usmernenie MŽP SR, 2015):

 

S

Q
v =      (8) 

S - total flow area (area of the cross section). 
 
Results and Discussion 
There was tested designed biocorridor on the 
prepared water structure at the Váh river in 
Slovakia lowland. Area of interest belongs to 
the bream fish zone (metapotamal), long-term 
annual average discharge is Qa = 180 m3.s-1, 
maximum head H = 6.2 m (Bombiczová, 2019, 
Možiešik et al., 2015). 
Required parameters for the fish pass -  
biocorridor in the bream fish zone for Qa ≥ 5 
m3.s-1 (Metodické usmernenie MŽP SR, 2015) 
are: 
- maximum velocity vmax= 1.1 m.s-1, 
- minimum depth: ymin = 0.7 m, 

- minimum top width of water level: Bmin = 5 
m, 

- doped discharge: Q ≥ 2 m3.s-1, 
- maximum longitudinal slope: io, max = 1:150 

(= 7 ‰). 
Proposed parameters of the biocorridor cross 
sections are as follows: top width of the water 
level B = 5 m, longitudinal river bed bottom 
slope of io = 5.7 ‰, depth of y = 0.7 m, 
different slopes of the banks (an irregular 
trapezoid) – right bank in slope 1: m1 => m1 = 2 
and left bank in slope 1: m2 => m2 = 4, bottom 
width bd = 0.8 m (Fig. 1). It was used the 
roughness coefficient of the river bed bottom 
and banks according to Manning – the river 
bed bottom of gravel, cobbles and single large 
stones, then n = 0.045. 
For estimation of the required doped discharge 
and approximate mean cross-sectional 
velocity, we used a simplified method of 
calculating these parameters for the entire 
cross section (irregular trapezoid). Simple 
calculation for proposed parameters of the 
cross section by steady state given these 
results: 
 – cross section area S = 2.03 m2, 
 – wetted perimeter W = 5.25 m, 
 – hydraulic radius R = 0.387 m, 
 – Chézy factor C = 19.0 m0,5.s-1, 
 – channel conveyance K = 23.9 m3.s-1, 
 – mean flow velocity vm = 0.891 m.s-1 (it fulfills 
the condition for maximum velocity for bream 
zone), 
 – doped discharge into the proposed 
biocorridor with above described parameters Q 
= 1.81 m3.s-1 (it is less than the condition for 
maximum doped discharge given for bream 
zone and Qa ≥ 5 m3.s-1). 
Using velocity-area method it was obtained 
more detailed distribution of the velocities in 
the proposed cross section of the biocorridor 
(Fig. 2) and also more precise value of the 
doped discharge (Tab. 1). 

 
Fig. 2: Theoretical distribution of the velocities 

in the proposed biocorridor cross section. 
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Tab. 1: Results for the proposed cross section 
obtained using velocity-area method. 

 
 
It can be stated that velocity in shallow at the 
edge of the fish pass at the left bank (in the 
first segment) is 0.41 m.s-1, maximum vertical 
velocity reaches up to 1.32 m.s-1 (in the middle 
segments of the cross section), mean flow 
velocity value of 1.03 m.s-1, doped discharge of 
value 2.10 m3.s-1. 
Here are also shown results for velocities 
distribution of symmetrical cross sections 
(bank slope 1:2 (Fig. 3) or 1:3 (Fig. 4) 
(Uhmannová, Šlezingr, 2018) with similar 
proposed geometrical parameters (B, y, io) 
comparing to the asymmetrical (irregular) 
trapezoidal cross section. 

 
Fig. 3: Comparison of theoretical distribution of 
the velocities in the proposed asymmetrical 
cross section to the velocities distribution in the 
symmetrical cross section with bank slope 1:2. 
 

 
Fig. 4: Comparison of theoretical distribution of 
the velocities in the proposed asymmetrical 
cross section to the velocities distribution in the 
symmetrical cross section with bank slope 1:3. 
 

The straight section of the part of the 
biocorridor with length 100 m for irregular 
asymmetrical trapezoidal cross section, was 
also examined with 2D modelling in River2D 
software to verify if the required parameters for 
biocorridor in bream zone and Qa ≥ 5 m3.s-1 
were achieved. On the input topography of the 
proposed biocorridor river bed (each point 
contains information about coordinates x, y, z 
and roughness coefficient) was created mesh 
file with a computational triangular mesh 
(required mesh quality index must be in the 
range QI = 0.1 – 0.5 (Waddle, Steffler, 2002)) 
with QI = 0.436 , the boundary conditions there 
were set (inflow area – discharge at the 
upstream boundary Q = 2 m3.s-1, outflow area 
– water level at the downstream boundary 
(river bed bottom at the outflow area in m a. s. 
l. + estimated depth 0.7 m)). In the final input 
file of River2D must be set initial condition – 
the estimation of the upstream water level 
(river bed bottom at the inflow area in m a. s. l. 
+ estimated depth 0.7 m) and must be chosen 
the steady or the unsteady flow (for simulation 
of the fish passes the steady state regime is 
the most appropriate). 

 
Fig. 5: Results - depths and velocities from the 
2D modelling (the highest values in the scale 
are caused by the inaccuracy of the mesh in 
one point at the edge of the modelled area). 
 
The highest depths in the middle of the cross 
section reached maximum 0.6 m and at the 
edge (by banks) about 0.2 m. The highest 
velocities in the middle of the cross section 
reached maximum 1.6 m.s-1 and at the edge 
(by banks) about 0.2 m.s-1 (Fig. 5). For the 
better comparison of the mean vertical 
velocities in the cross section results were 
processed for certain cross section (Fig. 6) and 
projected into the Figure 2 (results from the 
velocity-area method). 
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Fig. 6: Comparison of the reached results for 
the mean vertical velocities for the proposed 
biocorridor using velocity-area method and 2D 
modelling. 
 
Conclusion 
Cross section of the fish pass, especially of the 
nature-like bypass channel, should fulfill 
different requirements defined for each fish 
zone. The most important is velocity or 
maximum velocity, but cross section must offer 
varied velocity field - different velocities 
through the cross section and also nearly zero 
velocities areas nearby the banks for weak 
individuals serving as the rest places. There 
are also others recommendations as top width 
of the water level, doped discharge or 
recommended longitudinal slope of the 
channel. 
The velocity-area method is the most common 
method for the determination of discharge in 
open channels consists of measurements of 
stream velocity, depth of flow and distance 
across the channel between observation 
verticals. For the cross section design bounded 
by prescribed parameters of the fish zone is 
used vice versa. Cross section (its parameters 
as bottom width, bank slopes, roughness 
coefficient) is designed (optimized) and by the 
velocity-area method are verified velocities in 
verticals (whether rest areas by the banks are 
achieved), needed doped discharge as well as 
average velocity. 
Several variants of the cross-sectional shape 
for the proposed biocorridor on the new water 
structure in Slovakia were solved (also in 
connection with the longitudinal slope of the 
entire biocorridor routing), but only the 
presented one met the requirements according 
to the Methodological Guideline that has been 
in validity since 2015 and all newly designed 
and reconstructed fish passes must fulfill it. 
For the initial design of the non-symmetrical 
trapezoidal cross section geometry, simplified 
calculations were used which were put more 
precisely by the velocity-area method. This 
method provides a distribution of the mean 
vertical velocities in the cross section profile, 

which is important in the design of the 
biocorridor, because the cross section profile 
must provide variable velocities within the 
range prescribed by the Methodological 
Guideline. In particular, it is the maximum 
velocity reached in the cross section profile 
and the velocities in shallow edges at the 
banks. 
Finally, part of the biocorridor was simulated in 
2D mathematical software and the results - 
velocities were compared with the results of 
the velocity-area method. 
Subsequent other verifications of the utilization 
of the velocity-area method for the cross 
section design for the nature-like bypass 
channels could be very strong tool for the 
designer in practices. It should be tested also 
curve areas of the fish pass routing and 
verified them in the hydrotechnical laboratory 
using methods of hydraulic research. 
 
The paper was developed within the frame of 
and based on the financial support of the 
VEGA 1/0800/17 project “Optimization of the 
flood protection of municipalities in river basin 
of mountain streams” and of the Slovak 
Research and Development Agency under 
Contract No. APVV-16-0278 project „Use of 
hydromelioration structures for mitigation of the 
negative extreme hydrological phenomena 
effects and their impacts on the quality of water 
bodies in agricultural landscapes”. 
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Water retention measures in the Trnava city as a prevention against droughts 
 

Michaela Červeňanská, Jakub Mydla, Andrej Šoltész, Daniel Buček 
 

Abstract 
The paper deals with a proposal of water retention measures on the Trnávka River, which flows 
through the Trnava city, Slovak Republic. Water retention in the territory of Trnava is an important part 
of the Trnava Adaptation Strategy on the Impacts of the Climate Change – Waves of Heat. The aim of 
such measures is the improvement of the water level regime, which will make public places more 
attractive, the water will be retained in the city area and also the air will be cooled down. At the same 
time, the measures should contribute to the flushing of the riverbed and thus increasing the purity of 
the stream, which is polluted due to the relieved sewage after each rainstorm. The design was 
performed using the HEC-RAS software and was based on the updated geodetic survey conducted in 
the area of interest. 
 
Key words: inflatable rubber weir, Trnava city, backwater, HEC-RAS, numerical modelling 
 
 
Introduction 
The proposal of the water retention measures 
on the Trnávka River in Trnava is a part of the 
Trnava Adaptation Strategy on the Impacts of 
the Climate Change – Waves of Heat, which 
was adopted by the Trnava Town Council in 
2015 (Hegyi et al., 2015). Water retention in 
the territory of Trnava is an important part of 
the mentioned material. The Trnávka River 
spring up in the Small Carpathians and flows 
across the city in a regulated riverbed. In the 
past, there was a gate slide (Fig. 1) located 
over the city, which was removed in 2013 due 
to the state of emergency. 

 
Fig. 1: The gate slide on the Trnávka River. 

(removed in 2013) 
 

The local authorities are currently thinking of 
re-building of such elements so that, in addition 
to making public places more attractive, the 
water will be retained in the city area and also 
the air in the vicinity of the stream will be 
cooled down. In addition, the pipelines from the 
sewer system, which bring the relieved sewage 
after each rainstorm, have also their outlets in 
the stream. The stream is then polluted and 
smells, which is the subject of numerous 

complaints by citizens (Fig. 2). The design of 
the water retention measures should therefore 
take this fact into account. 

 
Fig. 2: Trnávka after the rainstorm with the 

remains of the toilet paper. 
 
The aim of the research is therefore the 
proposal of such measures for water retention 
which will not adversely affect other functions 
of the Trnávka River (e.g. the effect of the 
backwater on the functioning of the sewerage 
network chambers in Trnava, the transition of 
the flood wave and the level of the 
groundwater in the adjacent area of the 
Trnávka River) and at the same time will 
contribute to the improvement of the level 
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regime and also to the flushing of the riverbed, 
thus increasing the purity of the stream 
(Šlezingr, Zeleňáková, 2010). 
 
Materials and Methods 
The basic method used to achieve the above 
defined goals of the research is the 
mathematical modelling method. The problem 
of the design of water retention measures for 
the Trnávka River was solved by a numerical 
model in the HEC-RAS software (Brunner, 
2010), which serves for the analysis of the 
water flow in rivers. 
The methodology can be summarized in the 
following steps (Anderson, Woessner): 

1. Determination of the objectives of the 
model as the purpose of the model 
decides about appropriate 
mathematical equations, as well as the 
appropriate software for solving the 
given task (described above). 

2. Creation of a conceptual model of the 
system consisting of the collection and 
processing of all available background 
materials in order to obtain the natural 
conditions of the studied area. During 
this phase, the geodetic survey of the 
stream was conducted. This survey 
also served for the determination of 
the hydraulic parameters of the 
riverbed. 

3. Definition of a numerical model for the 
area of interest. During this phase, the 
conceptual model is modified into a 
model suitable for modelling. 

4. Calibration of the model based on the 
field measurements. 

5. Model forecast that predicts the 
system’s response to the future 
events. The model calculates with the 
calibrated parameter values, except for 
those that are expected to change in 
the future. The uncertainty in the 
forecast results from the uncertainty of 
the model calibration and the inability 
to estimate the exact values of the 
entered parameters. 

It should be mentioned that the model is a 
simplified representation of a complex system 
in which physical processes are described 
indirectly through mathematical equations. 
Even when modeling with individual attempt, 
deviations from the reality may occur. 
The modelling protocol as well as the water 
level courses before and after the construction 
of the water retention measures are presented 
in (Červeňanská et al., 2018). This paper 
concentrates mainly on the description of the 
designed measures and on the changes in 
volume of water retained in the area of the 

Trnava city. Also the results from the chemical-
physical research along the Trnávka River is 
presented, which provides us an information if 
the stream is chemically contaminated or not. 
Results and Discussion 
For the water retention in the Trnava city, the 
two floating structures were design in the first 
stage of the research. Later a third structure 
was added (Fig. 3). The inflatable rubber weirs 
were chosen because of their benefits, 
including the simplicity in the terms of building 
and maintaining of such a construction. Also 
the automatic control of the amount of the 
falling water is very convenient. The height of 
the weirs has been dimensioned so that the 
outlets from the sewer system are not clogged 
at the minimum flow discharge in the riverbed, 
which flows through the riverbed almost during 
the whole year. The value of such flow 
discharge is 0.2 m3.s-1, which represents the 
flow discharge from the Boleráz water reservoir 
(located above the city) and the addition of 
inflows. 

 
Fig. 3: Suggested profiles for the positioning of 

inflatable rubber weir. 
 
The profiles were chosen on the basis of good 
accessibility for the construction and the 
subsequent maintenance of the water 
structures. In the first profile, there is also 
possibility for using the already existing rigid 
bottom structure (from the gate slide removed 
in 2013). The height of the fully-covered weirs 
ranges from 1.00 m (first profile, Fig. 4) to 
0.6 m (second profile, Fig. 5). The height of the 
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third inflatable rubber weir was designed to be 
0.75 m (Fig. 6). 
 

 
Fig. 4: The inflatable rubber weir located 

in the profile 1. (Šoltész et al., 2018) 
 

 
Fig. 5 The inflatable rubber weir located 

in the profile 2. (Šoltész et al., 2018) 
 

 
Fig. 6 The inflatable rubber weir located 

in the profile 3. (Šoltész et al., 2018) 
 
After the construction of the water retention 
measures, the volume of the retained water will 
change as follows (Tab. 1): 
 

Tab. 1: The comparison of the volume of 
retained water before and after the 

construction of the water retention measures. 

Discharge Volume 
(before) 

Volume 
(after) Difference 

[m3.s-1] [m3] [m3] [m3] 
0.10 1 205 6 825 5 620 
0.20 1 765 7 361 5 596 
0.30 2 222 7 808 5 586 
0.40 2 626 8 194 5 568 
0.50 3 002 8 545 5 543 
0.60 3 358 8 881 5 523 
0.70 3 702 9 209 5 507 

 
Fig. 7: Situation of the places, where the 

samples for the chemical-physical research of 
the stream were taken. 

 
By measuring the chemical-physical properties 
of water, the actual values can be obtained 
and compared with defined boundary values. 
Using this methodology, the degree of the 
deviation from natural conditions can be 
precisely determined. However, the chemical-
physical analysis only record the current 
situation in the stream. They provide almost no 
conclusions about previous events, so they do 
not express the long-term state. The situation 
of sampling points are presented in Fig. 7, the 
analyzed properties and their results can be 
seen in Fig. 8. 
The pH level does not exceed the level of 
toxicity for surface water (pH from 6 to 9). 
However, the pH level slightly increases in the 
area of the Trnava city, which should be 
caused by the anthropogenic activity. Also the 
increasing conductivity values indicates an 
increasing amount of contamination in the 
stream, which cannot be directly linked with the 
source of pollution or its origin though. The 
concentration of dissolved oxygen decreases 
with the downstream decreasing stage of 
aeration from the Boleráz reservoir. The 
minimum concentration (5 mg/l) was not 
reached. 



 Journal of Landscape Management (2019) Vol.: 10 / No. 2 

- 27 - 

 
Fig. 8: Results of the cemical-physical research of the Trnávka River – pH, dissolved O2 and 

conductivity.
 
Conclusion 
The proposal of water retention measures in 
Trnava city was solved as a part of the Trnava 
Adaptation Strategy on the Impacts of the 
Climate Change – Waves of Heat from 2015. 
These measures are based on the construction 
of three inflatable rubber weirs on the Trnávka 
River. The main purpose, in addition to making 
public places more attractive, is that the water 
will be retained in the city area and also the air 
in the vicinity of the stream will be cooled 
down. At the same time, the measures should 
contribute to the improvement of the level 
regime and also to the flushing of the riverbed, 
thus increasing the purity of the stream after 
each rainstorm. 
The design was performed using the HEC-
RAS software and was based on the updated 
geodetic survey conducted in the area of 
interest. 
The three suggested profiles have good 
accessibility for the construction and the 
subsequent maintenance of the water 
structures. There is also possibility for using 
the already existing rigid bottom structure in 
the first profile, which is the remains of the gate 
slide removed in 2013 due to the state of 
emergency. The height of the fully-covered 
weirs has been dimensioned so that the outlets 
from the sewer system are not clogged at the 
flow discharge of 0.2 m3.s-1, which represents 
the discharge from the Boleráz water reservoir 
(located above the city) and the addition of 
inflows in the riverbed. This is also the value of 
the flow discharge which flows through the 
riverbed almost during the whole year. 
The differences in the volume of water retained 
after and before the construction of the 
inflatable rubber weirs are summarized in 
Tab. 1. 

 
The slight increase in the pH level as well as 
the conductivity values indicates an increasing 
amount of contamination in the stream caused 
by the anthropogenic activity. Also the 
concentration of dissolved oxygen decreases 
along the stream, which is the result of the 
decreasing stage of aeration. Construction of 
the three weirs can help with the improvement 
of the aeration processes in the Trnava 
territory and thus increase the purity of the 
Trnávka River in this locality. 
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Sediment transport assessment on river Morava based on 2D hydrodynamic flow model 
evaluated with Shield’s diagram 

 
Daniel Buček; Martin Orfánus, Peter Dušička 

 
Abstract 
Changes in river morphology caused by sediment transport are of major concern when planning a 
river structure or river restoration project. Insufficient attention to possible morphological development 
can in long run lead to poor performance of the hydraulic structure or added maintenance cost. It’s 
even more valid for river restoration projects, where nature is at stake and poorly executed project can 
even lead to exact opposite of the initial intent, degradation of local habitats.  
Aim of this thesis is to assess sediment transport conditions of cut off meander labeled DVII on the 
river Morava for proposed restoration scenario. This cut off meander was chosen due to abundance of 
data from prior failed restoration project executed in 1996. Lack of knowledge about sediment flow 
dynamics in the area lead to increase of sediment aggradation and deterioration of local ecosystems. 
Motion analysis of bedload particles of various grainsizes is carried out using Shields diagram and bed 
shear stress. Hydrodynamics are computed with the aid of two-dimensional hydrodynamic flow model 
R2D. Based on this method, we could observe, that a significant aggradation occurs in the inlet 
channel.  
 
Key words: River restoration, sediment transport, 2D hydrodynamic model, Morava 
 
 
Introduction 
Today's appearance of the Austrian-Slovak 
section of river Morava is the result of the 
General Project of river canalization. From the 
end of the 30's to the mid-1960's there was an 
extensive systematic adjustment of lower 
section of river Morava. The river reach was 
shortened by more than 10 km by 16 artificial 
chutes. Overall, 23 meanders have been cut 
off (Holubová, 2010). 
Nowadays, the river channel is monotonous 
and the segmentation is minimal. Natural river 
landforms, e.g. point bars, cut banks, pools, 
riffles, islands are practically nonexistent in the 
river channel. Natural alternation of pools and 
riffles in the lower section of river Morava is 
also absent. Flow rate distribution is uniform in 
the longitudinal and transverse flow direction. 
All of these factors contribute to gradual biotic 
and abiotic degradation of the river. Effective 
and sustainable revitalization to achieve good 
ecological status can only be ensured by 
restoring original natural river processes 
(Holubová, 2013).  
The subject of the work is the cut off meander 
labeled Meander DVII. It is located on the 19th 
kilometer of river Morava (Holubová, 2010). 
Currently, water interacts only at moderate to 
high discharge rates, but even during bankfull 
discharge of 250 m3.s-1 there is near zero flow 
velocity in the meander. As a result, any 
sediment transported into the meander, 
precisely inlet channel, is destined to 
aggregate there. At average to low flow rates, 
the meander is emptied and fish deaths occur. 

Long-term observation of morphological 
changes suggests that the method of river 
restoration was incorrect and contributed to 
even higher degree of environmental 
degradation (Holubová, 2010). 
The aim of the study is to assess 
hydromorphologic development of critical 
areas of the cut off meander using two-
dimensional flow model. Focus is put on the 
inlet area, which according to available studies, 
has a key effect on the sedimentation and flow 
regime in the cutoff meander (Holubová, 
2010). Change in bed morphology is computed 
with the aid of two-dimensional hydrodynamic 
flow model with movable bed R2DM. 
The aim of the study is to assess 
hydromorphologic development of critical 
areas of the cut off meander using two-
dimensional flow model. Focus is put on the 
inlet area, which according to available studies, 
has a key effect on the sedimentation and flow 
regime in the cutoff meander (Holubová, 
2010). Movement of various grain fractions is 
based on critical bed shear stress and 
evaluated by Shields Diagram.  
 
Material and methods 
To conduct this study detailed topographic 
data of the area of interest are needed. These 
consist of mixture of laser altimetry topographic 
data, field topographic data and ultrasonic 
sonar data of riverbed topography. Spatial data 
are merged into a single DEM (digital elevation 
model) using GIS software. DEM is then 
discretized with a triangular computational 
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mesh to match characteristics of the area of 
interest (Fig. 1). Resolution of the 
computational grid needs to be progressively 
adapted in relation to the degree of spatial 
segmentation of the area (Fig. 2) (Habersack, 
2011). Boundary conditions used in this study 
are bankfull discharge Qmax = 250 m3.s-1 and 
average discharge Qavg=114 m3.s-1. Bankfull 
discharge was chosen, because for river 
Morava it is the flow, that transports the largest 
amount of sediment at the highest energy of 
the stream in the channel and thus has the 
highest impact on morphodynamics of the river 
(Holubová, 2013). Manning’s roughness 
coefficient was taken from one-dimensional 
hydraulic model based on the same 
topographic data from study MreNa (Možiešik, 
2014). Value of the roughness coefficient is 
n=0.021064. 

 
Fig. 1: Software R2D; left: adjusting triangular 

mesh elements; right: defining break lines. 
 

 
Fig. 2: Computational mesh of proposed 
restoration scenario - Inlet to Meander. 

 
Proposed river restoration solution for 
increasing flow in the meander is designed to 
maintain flow through meander during average 
discharge and ensure minimal flow velocity of 
0.3 m.s-1 during bankfull discharge to ensure 
continuous transport of sediments (Holubová, 
2013). The adjustment consists of widening 
and deepening of the original connection of the 
meander to the main stream. I proposed the 
geometry of the inlet and outlet channels with a 
trapezoidal profile with a slope of 1: 2 with a 
bed altitude of 139.5 m a.s.l. and a bed width 
of 20 m (Fig. 3). 

 
Fig. 3: Digital elevation models; left: current 

state; right: proposed river restoration scenario 
 
The hydrodynamic component of the model is 
based on two-dimensional, depth-averaged 
equation of Saint-Venant. It solves the basic 
mass conservation equation and the two 
components of momentum conservation 
equation in the x and y direction. Solved values 
are the depth and discharge in two directions 
of the co-ordination system (Steffler, 2002).  
To assess sediment transport of the area of 
interest bed shear stress was computed. Bed 
shear stress has key impact on sediment 
transport, which is a rather random 
phenomenon when release and entrainment of 
particles occurs due to turbulent flow and local 
peaks of bed shear stress. To determine the 
beginning of particle motion I used the Shields 
diagram (Fig. 4). The Shield diagram is a 
curve, which defines the boundary between 
motion and rest of a given particle based on 
shear stress τ and particle size. It expresses 
the relationship between Re * number - the 
ratio of density of the lowest layer of the 
current field to the grain size D - with the 
dimensionless bed shear stress Fr *. 
The diagram was derived exclusively from 
experimental observations in a controlled 
laboratory environment by Shield in 1936. It is 
a widely recognized concept and is still used to 
solve sediment transport problems in practice. 
Zanke later assigned a probability of motion of 
10 % to the Shields curve (Fig. 4) (Habersack, 
2011).  

 
Fig. 4: The beginning of the motion by Shield, 

modified by Zanke (Habersack, 2011) 
 
Therefore, if τ reaches the critical value τc 
derived for a given diameter D, there is high 

Motion 
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probability, that the particle will start to move 
and then settle down again at the point where τ 
< τc. The values of tangential stresses τc were 
derived for diameters 0.1 to 4.4 mm (Tab. 1). 
Based on these values, I plotted a diagram of 
the assumed movement of the bedload with 
respect to the particle size (Fig. 5). Using the 
diagram, it is possible to estimate which 
fractions will settle or move in the given 
location. 
Tab. 1: Critical shear stress for selected grain 
sizes. 

 
Results and discussion  
Hydrodynamic simulation is a prerequisite for 
sediment transport analysis using critical bed 
shear stress. (Steffler, 2002). Flow simulation 
on the model of the current state showed that 
the flow velocity in meander is almost zero (~ 
0.001 m.s-1) for the bankfull discharge of 250 
m3.s-1 . Proposed river restoration scenario 
provides a minimum flow velocity of 0.3 m.s-1. 
Flow velocity in the inlet channel reaches 1.3 
m.s-1 (Fig. 5). The proposed solution also 
maintains minimum depth of 0.5 m for average 
discharge of 114 m3.s-1.  

 
Fig. 5: Flow velocity [m.s-1] at inlet channel of 
the meander for Q = 250 m3.s-1; left: current 

state; right: proposed river restoration scenario 
 

At the inlet of the current state of the meander 
a sudden decrease in entrainment capacity of 
the flow occurs. Sand and gravel deposit at the 
very edge of the inlet. And only small 
grainsizes and suspended sediment is 
deposited in the meander (Fig. 6). Proposed 
river restoration scenario effectively improves 
the entrainment capacity of the stream. At the 
inlet of the proposed restoration scenario, 
particle size > 2.5 mm are transported, but 
subsequently deposited further in the inlet 
channel.  

 
Fig. 6: τc for selected grain sizes; left: current 
state; right: proposed restoration scenario;  

The shade gradient represents the probability 
[%] that the particle is in motion (white = 1%, 

full shade = >> 50%), black contours represent 
a 50% probability of motion for a given grain 

size. 
 
A significant aggradation is expected at the 
location of the steepest gradient of bed shear 
stress, in case there is sufficient reserve of low 
probability of motion in the downstream 
direction to let the grain to settle (Kondolf 
,2003). This is mainly on the left side of the 
inlet channel (Fig. 6). According to the 
characteristic median grain size D50 = 0.208 
mm, it can be deduced from the figure 7. that 
for the simulated bankfull discharge of 250 
m3.s-1, almost 50% of the total volume of 
bedload (Fig. 7) 

D 
[mm] 

τc [N.m-2] for 50 
% of probability 
of motion 

τc [N.m-2] for 1 %  
of probability of 
motion 

0.1 0.18 0.14 

0.208 0.20 0.15 

0.5 0.33 0.23 

0.8 0.60 0.38 

1.5 1.32 0.83 

2.5 2.51 1.58 

4.4 5.11 3.20 
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. 

 
Fig. 7: τc for D50, 0.2 Pa; The shade gradient 

represents the probability [%] of a given 
particle being in motion (white = 1%, full shade 

= >> 50%). 
 

However, this is true only for the particular 
morphology of the channel, for which flow was 
simulated. Sediment transport affects the 
morphology of the channel, which further 
defines flow and the flow again affects the 
sediment transport. It is a dynamic process 
that can be predicted more precisely by 
simulation, whether physical or numerical 
(Tritthart, 2007). 
 
Conclusion 
Analysis of sediment transport with the aid of 
Shield´s diagram showed an increased 
sedimentation rate on the left side of the inlet 
of the meander, and the deposition of larger, 
less numerous fractions around grain size of 
2.5 mm, approximately 200 m beyond entry 
into the inlet. Bedload deposited in the inlet 
channel will most probably have a negative 
impact on the discharge capacity of the 
meander. The analysis also showed a smooth 
movement of the mid-size fraction of 0.208 mm 
along the meander. However, these 
conclusions apply only to the fixed bed 
representation of the meander.  
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Applied hydraulic research on the project of Kolárovo Water Structure  

 
Ľudovít Možiešik, Martin Orfánus, Ján Rumann, Peter Šulek, Peter Dušička 

 
Abstract 
The article presents certain results of research on the optimization of the Water Structure design with 
regard to navigation safety and transport capacity of Water Structure objects. Department of Hydraulic 
Engineering, Faculty of the Slovak Technical University in Bratislava held since 2013 an extensive 
model research on the presented topic. 
 
Key words: Navigation, hydraulic research, mathematical modelling, physical modelling 
 
 
Introduction 
River Váh is the largest national Slovak river, 
with European importance. Water Structure is 
a precondition of navigability of the lower 
section of Vah river from Komárno (junction 
with the Danube River) to Sereď 
(approximately 80 km). The situation with the 
development of water projects is in Fig. 1- red 
marked, which are in the stage of preparation 
for construction, and black marked as existing 
water structures in full operation. Information 
about the wider context concerning the 
navigability of the lower Váh are given in [5], in 
the following text will be information on the 
research. 

 
Fig. 1: Situation of the lower Váh River. 

 

Research must propose and optimize the 
water structure, which will  
- ensure adequate parameters of the 

navigation corridor in accordance with the 
relevant international regulations for class 
VIa waterways, 

- till realization of the lower degree of of the 
Gabčíkovo-Nagymaros Water Structure 
(SVD GN) will proposed Water Strucutre 
support the assurance of the Danube 
navigable depth at the min. 2.8 meters with 
a minimum navigable discharge, after the 
realization of the lower degree of the 
Gabčíkovo-Nagymaros Water Structure of 
the depth min. 3.8 m, 

- Water Structure will satisfy the 
requirements for safe and sufficient 
capacity for the navigation operations for 
all large vessels up to two vessels type DE 
IIa and tug as well as will ensure safe 
crossings of the small vessels, self-
propelled boats, 

- water structure will be designed so as to 
fulfill the engineering, environmental and 
energy requirements, 

- weir will be designed to be able to regulate 
the water level and discharge in the range 
of navigation limits. At discharges higher 
than max. navigable the waterway will be 
disrupted and the weir will adjust its 
operation of water flow needs. 

 
Hydraulic Models 
Physical model parameters were adjusted to 
the size of objects (e.g. a ship lock has interior 
dimensions 120x24m), discharge range of 
navigation (10-460m3s-1) and the parameters 
of the waterway (corridor width of min. 80 m). 
Given the nature of research and the proposal 
itself of Water Structure is the physical model 
designed within the Froude criterion of model 
similarity, the model is built in geometry scale 
1:50. The project is in Fig. 2 and the 
construction of the model is shown in Fig. 3. 
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Ground plan dimensions of the model are 
45x15 m. 
 

 
Fig. 2: 3D visualization of the physical model 

geometry. 
 

 
Fig. 3: Physical model construction. 

 
In mathematical modeling were applied 
software packages such as HEC-RAS (1D), 
River2D, Mike21 (2D) and CFD models. During 
calibration, the model followed by the first 1D 
has been calibrated on the present state of the 
river bed. Thus established roughness 
parameters were used for 1D model of the 
planned state trough following modifications of 
the river bed. 1D simulation and measurement 
of the input physical model were then used to 
define the boundary and initial conditions for 
2D and 3D simulations. 
 
Pre-processing 
The criterion for assessing the safety of the 
vessels, the parameters of flow velocity field at 
the entrance area to the ship lock approach of 
the ship lock (the PLK). Especially important 
are the parameters of velocity vectors at the 
entrance to the upper approach - there is the 
influence of transverse components of velocity 
as the most dangerous for floating vessels, it 
can cause deflection of the vessel from the 
safe corridor followed by collision. Therefore, 
the optimization goal was the minimization of 
the components of velocity vectors, especially 
cross. 

Measurements and simulations were carried 
out especially for the most unfavorable 
conditions for navigation vessels - at max. 
navigable discharge. FlowTracker® SONTEK / 
YSI, Inc. velocity measuring device was used 
to obtain velocity data. After measuring the 
velocity field for given discharge and their 
evaluation for physical models the corrections 
of layout design were carried out. The impact 
of these corrections was examined by 
simulations on 2D and CFD models of flow and 
subsequently verified by physical model. On 
mathematical models were tested dozens of 
variants and recommended modifications were 
verified on a physical model. 
 
Optimization 
After measuring of the input proposal of Water 
Structure it was stated that the lower approach 
is for shipping safe enough even at max. 
navigable discharge as transverse components 
of the flow are less than 0.3 m.s-1 (spot max. 
0.21 m.s-1), longitudinally max. 2.2 m.s-1. 
Therefore, in the lower approach no other 
modifications were needed. 
At the upstream side of Water Structure were 
modifications necessary because the flow 
parameters exceeding recommended limits. 
During the optimization process of the Water 
Structure proposed layout were step by step 
modified following features: 
modification of left river bank of the Váh River 
in upper approach (2 modifications), 
shape of the dividing island between the weir 
and ship lock, 
shape of the island at the tributary of the 
shifting of the Nitra River. 
Modifications and corrections are shown on 
Fig. 4. 

 
Fig. 4: Modifications and corrections of the 

input proposal of the Water Structure. 
 
On physical model the parameters were 
measured for the input design, for design 
modification to the first line of the left bank of 
the Váh River and definitive adaptation of the 
model through the further correction line of the 
left bank, modified gridiron shape of the 
dividing island between the weir and ship lock 
and shape of the island at the tributary of the 
shifting of the Nitra River. 
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On mathematical models were seeking optimal 
line of the left bank, the shape of the shape of 
the dividing island between the weir and ship 
lock (tens of shape) and shape of the island at 
the tributary Nitra River (about 10 shapes). 
Optimization criterion was minimization of the 
operating parameters of the flow vectors. The 
following figures documented results of 
measurements and simulations. 

 
Fig. 5: The results of measurements on the 

physical model input, modified and final 
proposals layout. 

 

 
Fig. 6: The transverse component of the 

velocity and overall velocity model 
visualization. 

 

 of the shorter shape of the dividing island 
between the weir and ship lock at a depth of 
half of the maximum draft (3D model) - an 
example of simulation in finding optima. 

 
Fig. 7: Simulation to find the shape of the 

island at the tributary of the shifting of the Nitra 
River. 

 
 

 

 
Fig. 8: Examples of simulations of the vessel 

trajectory (CFD model). 
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Conclusion 
This article describes the implementation of 
hydraulic modeling research performance and 
some results of the research concerning in 
particular the navigation aspects of the Water 
Structure Kolárovo operation. 
Research has optimized layout of Water 
Structure particularly with regard to navigation 
safety and transport capacity. Gradually it 
managed to eliminate the effect of channel 
parameters of the waterway and its other 
components, so that flowing water with its 
parameters are safe and the navigation is not 
compromised in its entirety navigational flow 
limits.The resulting design of Water Structure 
is shown in Fig. 9. 

 
Fig. 9: The situation of resulting design of 

Water Structure. 
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Characteristic wave height estimation in the Hulín water reservoir  
 

Petr Pelikán, Miloslav Šlezingr, Jan Deutscher  
 

Abstract 
GIS-aided analysis of characteristic wave height H13% in accordance with the Standard CSN 75 0255 
“Calculation of wave effects on hydrotechnic structures on water reservoirs” in the gravel pit Hulín and 
its variability in reference to the wind direction.  
 
Key words: Bank stabilization, landscape, stream regulation, wave 
 
 
Introduction 
The impulse for a more intensive research 
interest in this issue was the request of the 
commercial sector to develop, test and 
implement an appropriate stabilization 
technique for banks of flooded gravel pits and 
sand pits, where mining has ceased but the 
highly unstable banks continue landsliding. 
These sites are very often located within the 
interests of the environmental authorities, 
which – rightly – put a great emphasis on an 
appropriate inclusion of the anthropogenically 
influenced sites in the landscape 

 

 

Fig. 1: Determination of the length of wind 
acceleration 

 

 

Fig. 2: Scheme of ripples near the shore 

 

 

Fig. 3: Charakteristic wave height H13% wind, 
direction E 

 

Fig. 4: Area of interest 
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Part of the solution of this issue is proposal of 
stabilization. According to the environment it is 
appropriate to suggest biological stabilization 
of the banks.  
Unfortunately, the biological stabilization 
recommended and promoted by the 
environment authorities has some 
disadvantages, also from the perspective of 
landscape protection and formation. These 
disadvantages are commonly known, however, 
they need to be explicitly presented. First of all, 
the stabilization effect is fully manifested as 
late as in the second or third growing seasons 
after the planting. An effective willow belt in 
combination with reeds greatly restricts access 
to water - both for animals and people. The 
vegetation requires regular maintenance, 
especially when invasive species are used 
(this is one of the reasons why Salix fluviatilis 
was not used in some locations). We could 
certainly find even more drawbacks, but at 
least some of them were presented.  
However, major advantages are the possible 
use of biological stabilization with proven 
effectiveness using little technical intervention, 
minimizing the need of rigid, technical 
elements foreign for the landscape, the 
elimination of the "wet process", and also lower 
financial costs.  
 
Conclusion 
After three years of monitoring of experimental 
plots at the main research site near Hulín, we 
had to generalize the results in the last year of 
IGA project .... using the results of auxiliary 
research plots and the previous long-term 
measurements. This combination of monitoring 
results proved to be very advantageous. The 
stands and the entire stabilization system were 
not negatively influenced or loaded by a 
significant waving effect or a considerably 
elevated water level at the experimental plots 
presented in detail at the time of initial growth; 
the reeds and woody plants had enrooted and 
grown into a vital and stable reinforcement 
element. 
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From the History of the Faculty of Forestry and Wood Technology 

 
“Have a new agricultural university full success in the work just begun.” T. G. Masaryk, 1919 
 
24 July 1919   

The University of Agriculture in Brno (UA Brno) was established by the decree of the National 
Assembly as a 4-year university with two specializations – agriculture and forestry and tuition in the 
Czech language. Brno then becomes a famous centre of forestry education. 
 
27 October 1920    

Starting the studies at the Faculty of Forestry when the first 208 students enrolled. The first years were 
a period of obtaining excellent practitioners who with their experience and insights gained esteem 
forestry education. Linking education and research has been achieved in the early years of significant 
results. The Czech forestry science was uplifted at international level and did not lose its mission to 
serve forestry practice. 
 
1923  

Establishment of the University Forest Estate (later the University Forestry Enterprise and now the 
Masaryk Forest Training Enterprise at Křtiny) by the transfer of the Adamov country estate. The 
school’s 11,000 ha forest estate significantly promoted the image of forestry education in Brno. 
Construction of a second building for the University of Agriculture at Zemědělska Street No. 3 in Brno, 
home of the departments of the forestry school (1922–1924) 
 
17 November 1939    

Development is disrupted as Czech universities are closed following Nazi occupation. 
 
3 May 1945 

The University of Agriculture in Brno is reopened (shortly after the liberation of Brno). 
 
1 September 1950 

Reorganisation of UA–Brno. Establishment of the Faculty of Agriculture with seven departments and 
the Faculty of Forestry with six departments: economics, wood technology, silviculture, production, 
construction, technical and logging technology branches established. Economic, political and social 
changes create unstable situation for the University’s management and operation at the end of the 
1940s and beginning of the 1950s. Active members of the Czechoslovak Union of Youth and the 
Communist Party of Czechoslovakia replace politically 
unsuitable teachers. 
 
1 June 1952  

The Faculty of Forestry is transferred to the University of Civil Engineering in Brno, and the duration of 
study is extended to 5 years. 
 
1 June 1956  

The Faculty of Forestry is removed from the University of Civil Engineering and reincorporated into the 
University of Agriculture in Brno, which is renamed the University of Agriculture and Forestry in Brno 
(UAF–Brno). 
 
1964  

Student journal “LEF” founded: it reflected even political changes in society - therefore banned  in 
1969. 
1965  

The Faculty of Forestry participated in the International Biological Programme (IBP), the most 
prestigious international research project in the 1960’s under the patronage of UNESCO. 
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1993  

The Faculty of Forestry renamed the Faculty of Forestry and Wood Technology. 
 
1995  

UAF in Brno is renamed Mendel University of Agriculture and Forestry in Brno (MUAF). 
 
2002  

Student journal “LEF” is re-established. 
 
2010  

The name Mendel University of Agriculture and Forestry has been abbreviated to Mendel University 
 
2015 

Opening of the Josef Ressel Research Centre in Útěchov, the first centre in the Czech 
Republic engaged in timber research 
 

 
Fig. 1: Building of the Forestry Department of the 1930s. 
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