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 Abstract: Drainage channels are artificial multi-functional elements in a landscape, which 
have their own specific functions. Although they are primarily used for the drainage of water, 
they can also even be used for an opposite function, i.e. the artificial water supply of specific 
regions. This article presents an evaluation of infiltration experiments in drainage channels in the 
southeastern part of Slovakia. These experiments served for the collection of input data for 
numerical modeling, especially the determination of the soil type and hydraulic conductivity. The 
methodology of experimental works in the field as well as some basic information about their 
evaluation is included. 
 
 Keywords: Drainage channel system, Infiltration experiment, Kostiakov model, 
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1. Introduction 

 Drainage channels have been constructed because of the intensification of 
agricultural production and the drainage of internal waters. Due to changes in the 
agricultural policies of Slovakia, no attention to channels (both irrigation and drainage) 
is foreseen. In the past, the issue of using channels for an opposite function, i.e. an 
artificial water supply, was solved in cooperation with colleagues from Hungary within 
the INTERREG IIIA project [1]. However, the implementation of the project fell below 
expectations; it was therefore necessary to look for other options for the flooding of 
these regions. One of them is an ongoing project funded by the Slovak Research and 
Development Agency (an APVV project). 
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 This article presents an evaluation of infiltration experiments in the region of 
Medzibodrožie that have been realized within the APVV project. The project deals with 
an assessment of the current state of the drainage channels in Slovakia as well as with 
intended measures to improve their functions in the future. The project is taking place in 
several regions of the Slovak Republic at the same time. One of these localities is the 
above-mentioned Medzibodrožie region, an area between the Tisa, Latorica and Bodrog 
rivers. The area of interest is located in the southeastern part of Slovakia, near its 
borders with Ukraine and Hungary. 
 The aim of the project in this region is the utilization of the water level and 
discharge regime of the existing drainage channel system by improving the water 
regime of the Tice River by artificial flooding. The Tice, an old river branch of the Tisa 
River, represents a significant wetland system, which is part of the NATURA 2000 
nature protection areas. The proposed contribution deals with a determination of the 
input parameters for the definition of the infiltration properties of soils [2] located 
directly in the riverbeds of the drainage channels in the area of interest (Fig. 1). These 
parameters are necessary for estimating the water losses (infiltration into the subsoil) in 
a hydraulic assessment of the possible waterlogging of the wetlands system of the 
44 km-long Tice River through the existing drainage channel system. The required 
water level and flow rate regime will be created by an artificial water supply from the 
Latorica and Bodrog rivers using the Bo� and Pavlovo Pumping Stations (PS), which 
are located in the final profiles of the corresponding channels (the Leles and Pavlovo 
channels) [3]. The calibration and verification of the proposed solution is the topic of a 
large field experiment, which will be realized in the summer and autumn of 2017. 

 

Fig. 1. The area of interest for the possible flooding of the Tice 

 The first phase of the project, which was realized in October and November 2015, 
was the reconnaissance of the field and selection of specific sites for the project’s 
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solution. The second phase, undertaken in July 2016, mainly consisted of fieldwork, i.e. 
the measurement of the infiltration capacity of the soils located in the area. 

2. Materials and methods 

 Infiltration is the process of the penetration of water into the soil from the ground 
surface; the intensity of this process is known as the infiltration rate. The infiltration rate 
is simply how fast water enters soil. There are many factors influencing this rate, 
including the soil’s texture and structure; its properties, including its porosity and 
hydraulic conductivity; its current moisture content, its surface conditions; and its 
vegetative cover [4]. This rate becomes constant when the saturated infiltration rate for 
the particular soil has been reached [5]. Devices known as infiltrometers are used to 
measure the infiltration rate. 
 One of the most common infiltrometer designs for measuring a one-dimensional 
flow is a Double-Ring Infiltrometer (DRI) (Fig. 2), which consists of two open, thin-
walled metal inner and outer cylinders, which are concentrically driven into the soil to a 
depth of 5 to 10 cm. The water is ponded to the same depth in both rings [6]. The 
purpose of the outer ring is to establish 1-D flow conditions (with vertical streamlines) 
for the inner ring (therefore, the water level in the outer ring is maintained at a constant 
level), while the flow from the outer ring may diverge laterally due to ‘edge effects’ [7]. 

 

Fig. 2. Placing a double-ring infiltrometer in the bottom of a drainage channel 

 Two techniques are used with the DRI for measuring the flow of water into the 
ground , i.e. the constant head test and the falling head test. In the constant head test, the 
water level in the inner ring is maintained at a fixed level and the volume of water used 
to maintain this level is measured. In the falling head test, the time that the water level 
takes to decrease in the inner ring is measured [5], [8]. 
 To determine the infiltration rate for three different localities, i.e. the Bo�, Hrušov, 
and Pavlovo pumping stations, four constant head tests using the DRI were realized 
(Table I). 
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Table I 

Information about each infiltration experiment realized 

Locality Datum Weather Duration of the test [min] 
Bo�(channel bottom) 12.7.2016 

Sunny, 30°C 
(last rainy day: 

9.7.2017) 

64.9 
Hrušov 12.7.2016 64.0 
PS Pavlovo I 13.7.2016 121 
PS Pavlovo II 13.7.2016 130 

2.1. Theory of infiltration and the Kostiakov equation 

 The theory of infiltration is primarily based on two fundamental laws, i.e. the 
continuity equation (1) and Darcy’s law (2) [9]:  
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where � is the soil water content; q is Darcy’s moisture flux; t is the time; z is the 
vertical or elevation head; k is the hydraulic conductivity (a function of the soil water 
content); and h is the hydraulic head, which is expressed as:  

zh += ψ , (3) 

where � is the capillary head. From the above equation, it is clear that the capillary head 
at any time depends on the soil moisture at that time. This implies that hydraulic 
conductivity is a function of the soil moisture content. 

 For evaluating the observed field data, the Kostiakov empirical infiltration model 
was used: 

• for the cumulative infiltration 
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• for the infiltration rate 

α−= tvv 1 , (5) 

where v1 is the infiltration rate at the end of the first time unit; i1 is the cumulative depth 
of infiltration at the end of the first time unit; t is the elapsed time; and �, � are the 
empirical parameters. 
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3. Results and discussion 

 Using (4) and (5), the observed data was evaluated, i.e. the cumulative infiltration 
equation i = f(t) and the infiltration rate equation v = f(t) for all four experiments were 
determined (Fig. 3 - Fig. 6). 
 In most situations the infiltration rate is generally highest when the soil is dry. As 
the soil becomes wet, the infiltration rate gradually decreases over time until a constant 
final rate is attained. 
 Despite the similarity in the units of the infiltration rate and saturated hydraulic 
conductivity, there is a difference between these two parameters. The infiltration rate is 
defined as the rate at which soil is able to absorb rainfall or irrigation water and is 
governed by gravity and capillary action [10]. When all the pores are filled with water, 
the soil is saturated and is at its maximum retentive capacity. The maximum rate of 
infiltration is at the initial time (t = 0); it decreases as more water infiltrates into the soil 
as the time increases and achieves an almost constant rate, i.e. the ultimate infiltration 
capacity vc [11]. 

 

Fig. 3. The course of the cumulative infiltration and infiltration rate, the locality of Bo� 

 

Fig. 4. The course of the cumulative infiltration and infiltration rate, the locality of Hrušov 
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Fig. 5. The course of the cumulative infiltration and infiltration rate, the locality of Pavlovo I 

 

Fig. 6. The course of the cumulative infiltration and infiltration rate, the locality of Pavlovo II 

 The infiltration rate and hydraulic conductivity can only be directly related when the 
hydraulic boundary conditions (the hydraulic gradient and the extent of the lateral flow 
of the water) are known. The assumption behind using the DRI is that the soil layer 
immediately below the ponded area is fully saturated; the water is supplied at the soil 
surface under zero ponded conditions; and the hydraulic gradient is equal to one [10]. 
Under these conditions (using Darcy’s law (2)), the ultimate infiltration capacity equals 
the saturated soil’s hydraulic conductivity [12]. The values of the hydraulic conductivity 
for all the locations can be seen in Fig. 7.  
 The evaluation of the infiltration experiments (determination of the hydraulic 
conductivity) shows that the soil in these locations can be categorized as clay-loam with 
a relatively small hydraulic conductivity, as was also mentioned in [13]. The 
information about the soil type and also about its infiltration properties will be used as 
input data for a mathematical model that will represent the interaction of the surface 
water and groundwater in the soil conditions of the East Slovak Lowlands.  
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 Note: The size of the cylinder is one potential source of error. The dependence of the 
hydraulic conductivity on the diameter of the cylinders used has been studied by several 
researchers, for example [5], [7] and [14]. Other researchers have studied the effect of 
the initial soil properties and setting-up conditions on the measured infiltration rate  
[15] and [16].

 

Fig. 7. Final values of the hydraulic conductivity in the particular locations 

4. Conclusion 

 The present paper deals with a determination of the input data for a definition of the 
infiltration properties of soils located directly in the riverbeds of drainage channels in 
the East Slovak Lowlands. These parameters are necessary for estimating the water 
losses (infiltration into the subsoil) during a hydraulic assessment of the possible 
waterlogging of the wetlands system of the Tice River through the existing drainage 
channel system. The required water level and flow rate regime will be created by an 
artificial water supply from the Latorica and Bodrog rivers using pumping stations. 
 The infiltration capacity was measured using a double-ring infiltrometer. The data 
observed were evaluated using Kostiakov equations. 
 The evaluation of the infiltration experiments shows that the soil in these locations 
can be categorized as clay-loam with a relatively small hydraulic conductivity. These 
values will be used as input data for a mathematical model representing the interaction 
of the surface water and groundwater in the soil conditions in the mentioned areas. 
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