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In the paper the results of hydrodynamic and ecological-geochemical 

researches of groundwater for example of territory of rural locality are presented. 

Excess contents of potassium, nitrates and organic matter in waters are detected. The 

amounts of other components do not exceed maximum permissible concentration for 

drinking-waters. Directions of groundwater flow are determined and velocity of 

filtration is calculated. Rate of groundwater flow and values of flows of the dissolved 

in groundwater components are assessed. 
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INTRODUCTION 

In Ukraine groundwater is the main source of drinking water-supply of the 

rural areas. Water-supply is based on the wells (dug wells) and shallow boreholes. 

The quality of groundwater is a decisive factor of the sanitary and epidemiological 

welfare of the rural population. 

Because of hydrogeological openness groundwater is subject to a considerable 

anthropogenic impact, which is reflected in the pollution of the components of 

chemical and bacterial nature: pathogenic micro-organisms, the components of the 

nitrogen group, heavy metals, complex compounds, toxic organic compounds, etc. 

Sources of pollution are domestic waste water, the waste water of the cattle-breeding 

farms and industrial enterprises, runoff from agricultural lands, etc. Infiltrating in the 

dissolved state through the unsaturated zone, pollutants are getting in the water 

horizon, not encountering significant barriers. 
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Our preliminary research of groundwater of the Yavoriv district (Lviv region) 

revealed their significant contamination (90 % water sampling) components, the 

contents of which are several times higher than maximum permissible concentration 

and therefore they are not suitable as drink water. The main pollutants are potassium, 

components of nitrogen group, organic substances, mangan, ferrum [1]. 

The intensity of the spread of pollution is fixed mainly by the hydrodynamic 

characteristics of the horizon. Dynamics of water caused the intensity of the power 

supply and discharge of groundwater, as well as porous and filtration parameters of 

the water-bearing rocks. 

The aim of this work is to evaluate the qualitative and quantitative 

characteristics of the groundwater flow of rural areas into the river basin. 

 

AREA OF RESEARCH 

The area of research was village Novosilka (Pustomyty district, Lviv region), 

which at the place of location belongs to the cross-border with Poland territories (Fig. 

1). 

The village is located on the right coast of the river Zubra, which falls into a 

river Dniester. The village consists of 53 buildings. Water supply of the village is not 

centralized, based on the wells, maintaining the groundwater horizon. Sewerage 

system is absent. 

The village Novosilka is placed within Opillya (Podil Hills). Opillya is one of 

the highest and the most distributed parts of the Podil upland. It extends to the south-

east from the city of Lviv. 

River floodplain Zubra within the village is formed alluvial quaternary 

sediments (sands with a certain portion of clay material), which cover the eroded  
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Fig. 1. Localization of the research area 

 

thickness of the Maestrichtian layer of Upper Cretaceous (strong marls and 

limestones). The watersheds are formed by sandstones and sands of the Opillya suite 

of Early Badenian. 

Groundwater within the village Novosilka are mainly in the alluvial deposits of 

the river.  

 

METHODS OF RESEARCH 

The methods of the research were the measuring of the groundwater levels in 

the wells of the village during long drought period, bringing these levels in absolute 

marks and building hydrodynamic model of the horizon, according to which one can 

determine the directions of the groundwater flow. 

In the taken water samples from wells were determined the contents of the 

macro- and micro-components with the help of chemical and physico-chemical 

methods in the laboratory of the problems of geoecology (Institute of Geology and 

Geochemistry of Combustible Minerals of NAS of Ukraine). 

In the valley of the river were sampled the alluvial deposits, for which 

according to the methodology of Kamensky [2] in laboratory conditions were defined 
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the coefficients of the filtration. Sampled groundwater was used for determination of 

this coefficient. Correction to the temperature of the water also was considered. 

Velocity of filtration and rate of flow of groundwater into the river were 

estimated according to the Darcy’s linear law of filtration. 

The results of the definitions were worked out by methods of mathematical and 

graphic software (Statistica, Surfer, Corel Draw). 

 

RESULTS OF RESEARCH 

The plane hydrodynamic zonality of the water table of the village Novosilka is 

presented in Fig. 2. The depth of the water in the wells is reduced from 7.4 to 0.2 m 

in the eastern and south-eastern directions. In general the water table reflects the 

morphology of the relief. However there are hypsometric lows within those areas 

where conducted the most intensive extraction of water was coplucted. The general 

vector of groundwater flow is directed into the side of the river Zubra, which is the 

source of their discharge (Fig. 3). 

 

Fig. 2. Plane hydrodynamic model of the groundwater horizon of the 

village Novosilka 
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Fig. 3. Cross-section along general vector of hydraulic gradient 

 

The vector map of the hydraulic gradient of the water table gives the possibility 

to estimate their value both locally and in the general scale. The maximum value of  

the hydraulic gradients is 0.259, minimum – 0.018. The value of the general vector of 

hydraulic gradient is 0.027. 

Total dissolved solids (TDS) of groundwater change in the limits of 266-1536 

mg/dm
3
. Its value is correlated with the extraction of water to some extent, which 

determines the intensity of the dynamics of water and, in turn, processes of leaching 

water-bearing rocks. Among the macrocomponents Cl
-
, Na

+
, SO4

2-
 are most closely 

correlated among themselves. The content of Ca
2+

 is closely correlated with the 

concentration of HCO3
-
. 

Waters are hydrocarbonate and hydrocarbonate-sulphate, sulphate-

hydrocarbonate calcium, less calcium-sodium and, even, calcium-potassium or 

potassium-calcium by composition. 

The peculiarity of groundwater of the village Novosilka is high contents of the 

potassium ion, the concentration of which sometimes exceeds the sodium content. 

Although the content of potassium for drinking water in our country is not rationed, 

however, it exceeds the standards of the EU several times. 
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Naturally groundwater is concentrated with potassium due to leaching or ion 

exchange with the water-bearing rocks. Technogenic source is potassium mineral 

fertilizers and livestock waste waters. Despite the relatively close relationship 

potassium content with the amount of nitrate-ion, we see the reason in the 

technogenic pollution. 

The concentration of nitrate-ions in the groundwater in most of the samples 

largely exceeds the maximum permissible concentration for drinking water. 

The mechanism of occurrence of nitrate in the water goes through the chain: 

NH3→NH4
+
→NO2

-
→NO3

-
                                            (1) 

Given the small contents of the ions of ammonium and nitrites in the waters it 

can be stated that the sources of the pollution is a relatively long-standing and 

permanent. 

Contents of the phosphates are in the range of 0.02-of 0.43 mg/dm
3
 and do not 

exceed state standards, which are regulated by the value of 3.5 mg/dm
3
. The amount 

of fluoride (0.04–0.14 mg/dm
3
) also does not exceed maximum permissible 

concentration (1.5 mg/dm
3
). Permanganate oxidability in the majority of samples 

exceeds the regulated content (5.0 mg/dm
3
), which points to significant pollution of 

groundwater  of the village of organic components. 

Concentrations of metals (Li, Sr, Fe, Mn, Cu, Zn, Pb, Co, Ni) in the waters do 

not exceed maximum permissible concentration, only in some cases, manganese 

content exceeds permissible norms. 

The coefficients of filtration of three samples of alluvial sediments (fine-

grained sand with various content of the clay material) with the account of the 

correction to the temperature were respectively 1.12, 3.21 and 3.6 m/day. 

To calculate the average velocity of filtration flow of the groundwater into the 

river Zubra were taken averaged data on rates of coefficient of filtration (2.64 m/day) 

and the value of the hydraulic gradient along the general vector (0.027). The velocity 

of filtration flow according to the calculation was 0.07 m/day.  

Given that the power of the river in the low-water period is mainly due to 

groundwater runoff, its thickness was identified at an average depth of the river 
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within the limits of the research area. It was 0.8 m (Fig. 4). The length of the drainage 

basin within the village Novosilka is 720 m (Fig. 2). Thus calculated cross-sectional 

area of the groundwater flow, which is drained by the river, is 576 m
2
. 

Rate of flow (discharge) in the period of studies according to the calculations 

was 40.3 m
3
/day. 

Data of flow rate and mean values of salinity and main components in the 

waters (Table 1) allow estimating (in a certain approximation and without regard to 

the physics-chemical mechanisms of delay) the supply of these components into the 

river during a certain period (Table 2). 

Table 1 

Average values of total dissolved solids (TDS) and contents of the main 

components in the groundwater of the village Novosilka, mg/dm
3
 

TDS Na
+
 K

+
 Ca

2+
 Mg

2+
 NH4

+
 Mn

3+
 Cl

-
 SO4

2-
 HCO3

-
 NO2

-
 NO3

-
 F

-
 (PO4)

3-
 Si 

790.9 19.3 74.7 117.4 12.3 0.08 0.2 32.0 40.6 407.5 0.027 92.6 0.05 0.3 7.9 

 

Table 2 

Values of flows of the dissolved in groundwater components from the 

village Novosilka into the river Zubra, kg/day 

TDS Na
+
 K

+
 Ca

2+
 Mg

2+
 NH4

+
 Mn

3+
 Cl

-
 SO4

2-
 HCO3

-
 NO2

-
 NO3

-
 F

-
 (PO4)

3-
 Si 

31.9 0.8 3.0 4.7 0.5 0.003 0.008 1.3 1.6 16.4 0.001 3.7 0.002 0.01 0.3 

 

CONCLUSIONS 

Flow of groundwater of the village Novosilka is directed toward the river 

Zubra. The water table represents relief morphology. The maximal values of 

hydraulic gradients are 0,259, minimum - 0,018. Value of hydraulic gradient on a 

general vector is 0,027.  

Total dissolved solids of groundwater hesitate within the limits of 266-1536 

mg/dm
3
. Waters are hydrocarbonate and hydrocarbonate-sulphate, sulphate-

hydrocarbonate calcium, less calcium-sodium and, even, calcium-potassium or 

potassium-calcium by composition. 
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Peculiarities of groundwater of the village Novosilka are high contents of the 

potassium ion, nitrate ion and organic substance, that predefined by infiltration of 

sewages from farms and agricultural lands. Their concentrations in the most samples 

considerably exceed maximum permissible concentration for drinking-waters. 

Rate of groundwater flow in the river during law-water is 40.3 m
3
/day. 

Values of flows of the dissolved in groundwater components are presented in 

the table 2. 
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