
 

 139 

DOI: 10.31577/ahs-2020-0021.02.0017  

 

 

 

 

Volume 21, No. 2, 2020, 139 – 144 

 

 

ACTA HYDROLOGICA 

SLOVACA 
 

 

 

 

 

 

DETERMINATION AND COMPARISON OF HYDRAULIC CONDUCTIVITY VALUES 

OF BED SILTS ALONG CHOTÁRNY CHANNEL USING GRAIN SIZE ANALYSIS 
 

Renáta Dulovičová*, Yvetta Velísková, Radoslav Schűgerl 
 

 

This paper goes in for the evaluation of permeability of the bed silts located along the Chotárny channel at the Žitný ostrov 

(ŽO), Slovakia. The Chotárny channel is one of three main channels at the ŽO area – the flat lowland with channel 

network. Whole ŽO area has very low slope, so longitudinal slopes of all channels are negligible. This fact influences 

the formation of silts on the channel bottom. The bed silt permeability impacts water flow between surface water in 

the channel and surrounding groundwater in the scope of their interaction at this area. It is expressed by value of hydraulic 

conductivity, for our case, inasmuch as the bed silts are located in saturated zone under water level, by value of saturated 

hydraulic conductivity. This paper deals with disturbed samples extracted from the Chotárny channel and for that reason 

only the empirical formulas based on the grain size analysis were used for assessment of saturated hydraulic conductivity 

value. The disturbed samples were extracted in three different vertical parts of silt – top, middle and bottom part of silt 

layer and subsequently as mixed samples in each selected profile of the Chotárny channel. The selection of sampling place 

was made by thickness of bed silt in the measured profiles. The values of saturated hydraulic conductivity obtained from 

disturbed samples of bed silt – Kd were calculated according to three empirical formulas: 1. Bayer – Schweiger formula; 

2. Špaček I formula and 3. Špaček II formula, firstly for samples from the single vertical parts of the silt layer (top, middle 

and bottom) and then for mixed samples. The valid values Kd from single parts of the silt layers reached from 1.29x10-08 

to 1.19x10-04 m s-1, the valid values Kd from mixed samples reached from 1.38x10-08 to 4.11x10-06 m s-1. All values 

obtained using grain size analysis are only approximate, but the only possible ones in case of impossibility to take 

an undisturbed samples. According to results of comparison of Kd from single vertical parts of silt layers and Kd from 

mixed samples it is not possible to assess explicitly which values set of saturated hydraulic conductivity are more suitable 

to use in calculation or modelling. Next analysis of obtained datasets and comparison with the values of saturated hydraulic 

conductivity from undisturbed samples of bed silt will be necessary. 
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Introduction 

 

Žitný ostrov (ŽO) – a part of the Danube Lowland – was 

created by sediments transport from upper part of 

the Danube River (Fig. 1a). This area formed as a flat 

plain with only small differences in altitude. Its average 

slope is about 0.25‰ and it was one of the reasons for 

building channel network here. The longitudinal slopes 

of its channels are also very low. This fact had impact to 

production of bed silts on the channel bottom. The bed 

silts have been created by the surface runoff (or overland 

flow) and soil erosion from adjacent territory, as a results 

of manipulation with water-gates in the channel network 

and as a result of the decomposition of aquatic 

vegetation. The thickness and structure of bed silts 

influence the interaction between groundwater and water 

level in channel network. The rate of this interaction is 

important for agricultural production in this area, but also 

for regime of groundwater in this area. As important 

characteristics influencing this mutual interaction were 

determined the thickness and permeability of silts, which 

is often expressed by saturated hydraulic conductivity 

value. The channel network aggradation has been 

monitored and studied – many specialists dealt with it 

(Kosorin, 1997; Burger and Čelková, 2004; Mucha et al, 

2006; Štekauerová et al., 2009; Baroková and Šoltész, 

2014; Čelková, 2014; Kováčová, 2017; etc.). This paper 

shows some results of field measurements along 

the Chotárny channel – one of three main channels at 

the ŽO area (Fig. 1b).  

 

Material and methods  

 

Channel network at the ŽO area is created by several 

bigger channels – e.g. the channel Gabčíkovo–Topoľ-

níky, the Chotárny channel, the Komárňanský channel, 

the channel Čalovo–Holiare–Kosihy, the channel Aszód 

–Čergov, the channel Čergov–Komárno, the channel 

Dudváh and by network of several smaller channels. Our 

research of channel network silting up has been concen- 
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a)                                                                                               b) 

Fig. 1.  a) Localisation of the ŽO area (left), b) Location of the Chotárny channel 

at the ŽO area (right). 

 

 

 

trated to three main channels of this network: the channel 

Gabčíkovo–Topoľníky, the Chotárny channel and 

the Komárňanský channel (Dulovičová, 2014; Dulovi-

čová et al., 2016). 

Chotárny channel is one from these three main channels 

of the ŽO channel network. Geometrical parameters of 

this channel observed during the measurements were: 

the channel length was approximately 27 km, the channel 

width was in range 11–17.5 m, the channel depth run into 

maximal values up to 3.15 m (according to cross-section 

profiles location). The values of hydraulic conductivity 

in aquifers nearby this channel Kfs were 0.40–3.4x10-3 

m s-1 (Mišigová, 1988). 

The measurements of bed silts thickness along 

the Chotárny channel were performed from the displa-

ceable inflatable dinghy by simple drill hole. The dis-

tance of cross-section profiles along the channel varied 

between 1.0–1.5 km. In all channel cross-section profiles 

there was measured the water depth and bed silts 

thickness with step 1.0–2.0 m along the channel width. 

The samples of channel bed silt were taken in these 

selected cross-section profiles where the largest channel 

bed silt thickness was noticed. The extraction of samples 

was done by sediment beeker sampler device. The silt 

sample was taken from each selected cross-section 

profile and then from each whole sample a part from top, 

middle and bottom layer was extracted. Finally, these 

separated samples were combined into a mixed sample 

(from all three layers). Next, the granularity analysis for 

each disturbed sample was performed, from which 

the value of saturated hydraulic conductivity was deter-

mined. 

 

Determination of saturated hydraulic conductivity  

of bed silts from granularity analysis 

 

Determination of hydraulic conductivity from disturbed 

samples of bed silts can be calculated by empirical 

formulas coming out from grain size analysis (Kutílek, 

1978). 

Several empirical formulas for determination of hydrau-

lic conductivity from granularity exist, but it is possible 

to apply only a few of them because their limited validity. 

Therefore we used for our determination of saturated 

hydraulic conductivity of bed silts the relationships by 

Beyer-Schweiger and Špaček (Špaček, 1987). These 

relationships are functions of d10 – particle diameter in 

10% of soil mass (m) and d60 – particle diameter in 60% 

of soil mass [m]. Both of them were determined from 

granularity curves of all extracted samples of bed silts. 

The formula of Beyer-Schweiger, used for assessment of 

saturated hydraulic conductivity from disturbed samples 

of the Chotárny channel – KdBS [m s-1], has a form: 

 

 210

6105.7 dCxKdBS                   (1) 

 

where 

C=1.5961x10-3 (d60/d10)-0.20371;  

d10 – particle diameter in 10% of soil mass [m];  

d60 – particle diameter in 60% of soil mass [m];  

 

and conditions of validity are: 
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Špaček formulas I, II [m d-1] for saturated hydraulic 

conductivity from disturbed samples of the Chotárny 

channel Kd  are as follows: 
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where  

conditions of validity for application of eq.(2) are: 

 

1. d
10

 < 0.01mm  

or 

2. 
106010 5765.00576.013.001.0 ddd   

 

and conditions of validity for application of eq.(3) are: 

 

1. mm0.1310 d  

or 

2. 
106010 5765.00576.013.001.0 ddd   

 

Results and discussion 

 

Sometime it is not possible to take away undisturbed 

samples of bed silts or sediments and in the same moment 

it is necessary to know the rate of permeability of them. 

For this reason a way how to make it was searched. One 

way is the determination from granularity analysis. There 

are a lot of empirical relationships based on this analysis, 

but with a lot of limitations of validity, as well. As it was 

mentioned and described above, the value of saturated 

hydraulic conductivity as the indicator of channel bed silt 

permeability was determined for disturbed samples by 

the Beyer-Schweiger and two Špaček´s formulas. Each 

of them determines this variable quantity as a function of 

d10 and d60 .Conditions of validity for application of these 

formulas also depends on value of d10 and d60 (Šurda et 

al., 2013). The both values were determined separately 

for the top, middle and bottom part of extracted samples 

and then for mixed samples from measured sample points 

along the Chotárny channel. The obtained and deter-

mined values of saturated hydraulic conductivity of dis-

turbed samples Kd extracted from top, middle and bottom 

layer of bed silt are summed in Table 1. The valid values 

of channel bed silt saturated hydraulic conductivity from 

single parts of the silt layers reached from 1.29x10-08 to 

1.19x10-04 m s-1. The graphical interpretation of results is 

in Fig. 2. 

The values of saturated hydraulic conductivity of distur-

bed samples Kd extracted from mixed samples of bed silt 

along the Chotárny channel are summed in Table 2. 

The valid values of channel bed silt saturated hydraulic 

conductivity from mixed samples reached from 

1.38x10- 08 to 4.11x10-06 m s-1. The graphical interpreta-

tion of these results is in Fig. 3. 

 

 

 

Table 1.  Chotárny channel – valid values of Kd from single parts of the silt layers in 2018 

Channel Chotárny 

  

Channel stationing 

[rkm] 

Silt layer  Kd   [m s-1] 

Bayer-Schweiger Špaček I. Špaček II. 

 

1.2 

top  3.81x10-08 6.03x10-07 - 

middle - - 1.02x10-06 

bottom - 5.06x10-07 -  

 

6.0 

top  4.13x10-06 - 2.62x10-05 

middle 1.80x10-08 4.23x10-07 - 

bottom 6.30x10-05 - 1.19x10-04 

 

8.6 

top  - 7.64x10-07 1.69x10-06 

middle - - 2.04x10-05 

bottom 1.68x10-07 1.24x10-06 1.70x10-06 

 

16.3 

top  1.99x10-08 4.45x10-07 - 

middle - 5.05x10-07 - 

bottom 3.32x10-08 5.69x10-07 - 

 

18.0 

top  2.15x10-08 4.61x10-07 - 

middle - 4.11x10-07 - 

bottom 1.59x10-08 3.99x10-07 - 

 

20.0 

top  1.97x10-08 4.44x10-07 - 

middle 1.29x10-08 3.66x10-07 - 

bottom 1.37x10-08 3.72x10-07 - 

 

24.6 

top  - 5.50x10-07 6.29x10-07 

middle - 1.66x10-06 4.28x10-06 

bottom - 5.16x10-07 2.61x10-06 

 

25.5 

top  1.06x10-07 9.95x10-07 1.27x10-06 

middle - 6.60x10-07 1.03x10-06 

bottom - - 1.29x10-05 
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Table 2.  Chotárny channel – valid values of Kd from mixed samples of the silt in year 2018 

Channel Chotárny 

  

Channel stationing 

[rkm] 

Silt layer  Kd [m s-1] 

Bayer-Schweiger Špaček I. Špaček II. 

 

1.2 –1.3 

mixed sample 

(top + middle + bottom) 

  

1.89x10-08 

 

4.39x10-07 

 

- 

 

6.0 

mixed sample 

(top + middle + bottom) 

  

- 

 

4.65x10-07 

 

6.90x10-07 

 

8.7 

mixed sample 

(top + middle + bottom) 

  

- 

 

6.44x10-07 

 

3.88x10-06 

 

16.3 

mixed sample 

(top + middle + bottom) 

  

4.32x10-08 

 

6.45x10-07 

 

- 

 

18.0 

mixed sample 

(top + middle + bottom) 

  

- 

 

4.34x10-07 

 

- 

 

20.0 

mixed sample 

(top + middle + bottom) 

  

1.38x10-08 

 

3.73x10-07 

 

- 

 

24.6 

mixed sample 

(top + middle + bottom) 

  

- 

 

1.03x10-06 

 

4.11x10-06 

 

25.5 

mixed sample 

(top + middle + bottom) 

  

- 

 

9.54x10-07 

 

2.17x10-06 

– unkept conditions of validity for aplication of Beyer-Schweiger´s and Špaček´s formulas 

 

 

 
 

Fig. 2.  The graphical presentation of Kd for disturbed samples from single parts of silt layer. 

 

 

 

Comparing Kd value of single parts of silt layers extracted 

along the Chotárny channel, the various ranges among 

top, middle and bottom layer were identified. In rkm 1.2 

the valid values of saturated hydraulic conductivity Kd in 

single layers were from 10-08 to 10-06 m s-1, withal the va-

lue 10-7 m s-1predominated. In rkm 6.0 was larger range 

of values Kd – from 10-08 to 10-04 m s-1, in rkm 8.6 the va-

lues of Kd were from 10-07 to 10-05 m s-1. From rkm 16.3 

to rkm 20.0 the values of Kd changed from 10-08 to 10-07 

m s-1, withal the value 10-7 m s-1 (calculated by Špaček I) 

predominated. In km 24.6 was range of Kd only from 

10- 07 to 10-06 m s-1 (by Špaček I, II). In rkm 25.5 the va-

lues Kd varied from 10-07 to 10-05 m s-1. 

In the case of mixed disturbed samples of bed silt 

extracted along the Chotárny channel, the valid values Kd 

ranged from 10-08 to 10-06 m s-1. In rkm 1.2–1.3 the valid 

values Kd, calculated by Bayer-Schweiger (Eq.1) and 

Špaček I (Eq. 2) formulas, varied only from 10-08 to 10-07 

m s-1. From rkm 6.0 to rkm 8.7 the valid values Kd ranged 

from 10-07 to 10-06 m s-1, the value 10-7 m s-1 predominated  
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Fig. 3.  The graphical presentation of Kd for mixed disturbed samples of silt. 

 

 

 

(calculated by Špaček I (Eq. 2) and Špaček II (Eq.3)). 

From rkm 16.3 to rkm 20.0 the values of Kd varied from 

10-08 to 10-07 m s-1, with dominance 10-07 m s-1 (by Špaček 

I (Eq. 2)). In rkm 24.6 and 25.5 were the valid values Kd 

in range only from 10-07 to 10-06 m s-1, where the value 

10-06 m s-1 predominated. 

Comparing of the values Kd, extracted from single parts 

of silt layers and from mixed samples of silt, some small 

differences were detected. The values Kd according 

Bayer-Schweiger formula (Eq. 1) were mostly 10-08, but 

the possibility to apply this formula for mixed samples 

was only in rkm 1.2, 16.3 and 20.0. The values Kd 

according Špaček I formula (Eq. 2) were mostly 10-07 

m s-1 and its applicability was nearly in the same extent, 

except rkm 8.6 and rkm 24.6 for single silt layers, and 

rkm 24.6 for mixed samples of silt (here the Kd values 

were 10-06 m s-1). The values Kd according Špaček II for-

mula (Eq. 3) varied from 10-07 to 10-04 m s-1, mostly 10-06 

m s-1. The application of Eq. 3 was not valid from rkm 

16.3 to rkm 20.0 for both cases (single layers of silt and 

mixed silt samples). At comparison of the values of 

saturated hydraulic conductivity Kd of bed silts extracted 

from single silt layers and Kd from mixed silt samples are 

evident only very small differences or variation. 

Comparing of obtained range of values of saturated 

hydraulic conductivity and values of this characteristic 

for typical fresh groundwater conditions with using 

standard values of viscosity and specific gravity for water 

at 20 °C and 1 atm, the values of Kd determined for 

the Chotárny channel bed silts represent a semi-pervious 

to impervious conditions of bed sediments (Bear, 1972). 

 

Conclusion 

 

This paper is aimed to the evaluation of bed silt 

permeability along the Chotárny channel on base of field 

measurements performed during the year 2018 at the ŽO 

area. The thickness of bed silt and the permeability of 

channel bed silt fundamentally influence and determine 

the rate of mutual interaction between surface water in 

the Chotárny channel and groundwater in its 

surroundings. For this reason, it is important to research 

and monitor continuously the state of channel bed 

aggradation and to know the permeability of bed silt, 

expressed by its value of saturated hydraulic 

conductivity. 

The values of saturated hydraulic conductivity of bed silt 

along the Chotárny channel were determined according 

to three formulas applicable for disturbed samples of bed 

silts, which are based on granularity analysis of samples. 

The resultant values are presented in Table 1 and Table 2. 

The valid values of saturated hydraulic conductivity of 

the channel bed silt for single parts of bed silt layers 

reached from 1.29x10-08 to 1.19x10-04 m s-1, the valid 

values of channel bed silt saturated hydraulic conduc-

tivity from mixed samples reached from 1.38x10-08 to 

4.11x10- 06 m s-1. These values mean semi-pervious to 

impervious environment. 

Comparison of values of saturated hydraulic conductivity 

between top, middle and bottom parts of bed silt layers 

did not appear significantly marked differences. 

The value of decimal order 10-07 prevailed in all layers. 

The values of saturated hydraulic conductivity of mixed 

disturbed samples of bed silt were also analysed and 

the value 10-07 prevailed again. Comparison of the values 

of saturated hydraulic conductivity Kd from single parts 

of silt layers and Kd from mixed silt samples showed only 

small differences. On the base of analysis of these results 

it can be taken a note that it is not possible to assess 

explicitly the reliability of saturated hydraulic conduc-

tivity value set by this way. In the next level of our 

research is needful to compare these results with 

the values obtained from undisturbed samples of bed silts 

determined by the laboratory falling head method. 

However, all obtained information about bed silt thick-

nesses supplemented by values of saturated hydraulic 
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conductivity of bed silt will be usable for numerical 

simulation models and simultaneously they represent rare 

information for any future way of groundwater level 

regulation in surroundings of the Chotárny channel or 

other channels at the ŽO area. 
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