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SUMMARY           

The article simulates and predicts the impact of solid waste landfills on groundwater (on the 
example of landfill in Zdolbuniv district of Rivne region, Ukraine). Emergencies at solid waste 
disposal sites with accidental release of toxic substances and their pollution of the environment 
are emissions of contaminated leachate from the dumps or landfills into the soil, surface and 
groundwater. Volleys of leachate can cause long-term and dangerous to public health pollution 
of groundwater used for drinking water supply (especially homestead wells), as well as surface 
water (rivers and ponds for recreational, fishery and water purposes), in which polluted water. 
Therefore, volley discharge of contaminated effluents from the landfill (by flushing) and/or 
from reservoirs of leachate (overflow through the dam or its breakthrough), which causes toxic 
and bacteriological contamination of surface water, agricultural and recreational lands. To 
forecast the zone of distribution of toxic harmful substances formed in the body of the landfill, 
the migration flow of filtration waters was studied and determined for the area of Zdolbuniv 
landfill. The current methodological techniques are used, which provide the complexity of 
research during the analysis of the impact of the filtration process from the source of pollution 
on the components of the environment. Pollution migration occurs as a result of convective 
and diffuse-convective transfer together with the main transfer in the direction of deep flow. 
Therefore, different dispersion coefficients along and across the direction are taken into 
account. The influence of the transverse dispersion is carried out in the linear flow of the 
aquifer of a certain thickness. Diffuse migration of contamination has three zones: it is a zone 
of partial mixing, within that the contamination does not extend to the entire thickness of the 
formation; a mixing zone in which contamination occurs throughout the formation; a zone of 
complete mixing in which the contamination is distributed evenly. The concentration of the 
source of contamination was determined from water samples taken from the collection pond of 
the leachate. Groundwater pollution affects the quality of river water into which they are 
discharged. Therefore, there is an interaction of causes and effects in surface and groundwater 
pollution. The hydrochemical study confirmed the degree of contamination of conditioned 
receptors. As a result of researches the mathematical modeling of migration of a filtration 
stream and influence of polluting elements on underground waters in the zone of influence of 
the Zdolbuniv landfill of municipal solid waste is executed. Accordingly, the patterns of 
distribution of groundwater pollution concentration within the landfill have been established. 
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Introduction. The total mass of the municipal solid waste (MSW) stream is annually about 2 bln tons 
(Chen et al., 2020), 70% of which is destroyed by landfilling (Kaza et al., 2018). For Ukraine (except 
for data from the Autonomous republic of Crimea and the city of Sevastopol) this figure is over 
10 mln tons of MSW generations, of which 94% goes to landfills (State…, 2020). 
Emergencies at solid waste disposal sites with accidental release of toxic substances and their 
pollution of the environment are emissions of contaminated leachate from the dumps or landfills into 
the soil, surface and groundwater. Volleys of leachate can cause long-term and dangerous to public 
health pollution of groundwater used for drinking water supply (especially homestead wells), as well 
as surface water (rivers and ponds for recreational, fishery and water purposes), in which polluted 
water. 
Therefore, volley discharge of contaminated effluents from the landfill (by flushing) and/or from 
reservoirs of leachate (overflow through the dam or its breakthrough), which causes toxic and 
bacteriological contamination of surface water, agricultural and recreational lands, is a dangerous 
phenomenon (Godt et al., 2006; Bondar et al., 2013; Novokhatska and Kreta, 2015; Azimov et al., 
2018, 2019a,b,c,d, 2020a,b,c; Trofymchuk et al., 2019; Azimov and Shevchuk, 2020; Delehan-
Kokaiko et al., 2020). 
Theory and method. Given the significant impact of landfills and dumps on the components of the 
environment, it is necessary to determine the area affected by toxic substances that migrate with the 
leachate from landfills. The boundaries of the zone are primarily due to the appropriate ways of 
spreading harmful substances formed in the body of the landfill or dump (Azimov et al., 
2018, 2019a,b,c,d, 2020a,b,c; Sheviakina et al., 2019; Trofymchuk et al., 2019). 
Since direct measurement of the zone of distribution of toxicants is almost impossible due to the 
extremely complex mechanism of formation of migration routes of the leachate from the landfill body 
into the underlying soils and groundwater, it was proposed to use methods of mathematical modeling 
and forecasting the migration flow of pollutants. For this purpose, the methods described in scientific 
publications and reports (Udod et al., 2001; Antoshkina et al., 2003; Voloshkina and Trofymchuk, 
2003; Novokhatska and Kreta, 2015) are used, which provide a comprehensive analysis of the impact 
of the filtration process from the source of pollution into soils and groundwater. 
The most significant impact from landfills is its influence on groundwater, to which pollution enters 
from the surface of soil cover due to filtration. Pollution migration inwards occurs as a result of 
convective and diffuse-convective transfer together with the main transfer in the direction of flow 
(Bondar et al., 2013). Therefore, it is necessary to take into account the different dispersion 
coefficients DL and DT, respectively, along and across the flow direction. The effect of transverse 
dispersion is modeled in a linear flow of an aquifer with a thickness of m. 
Thus, solid waste storage facilities are sources of pollutants in surface and groundwater by filtering 
surface runoff around the landfill, as well as the leachate itself, which is formed in the body of dump. 
Taking into account the logical scheme of the leachate impact on groundwater and drinking water 
quality for the population (see Fig. 1 in Azimov et al., 2020c) as a result of the analysis of constructed 
model it is established that the main recipients of negative impact are underground aquifers 
(Novokhatska and Kreta, 2015). 
The distribution of the pollution concentration is described (Novokhatska and Kreta, 2015) by 
equation (1) taking into account the total microdispersion coefficient D and has the form:  
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where c is the concentration of pollution in groundwater, mg/l; q0 – inflow of pollution into 
groundwater, m3/sec; c0 – concentration of the source of pollution, mg/l; r is the distance from the 
aquifer of the aquifer to the place where the emission of pollution occurred after a time t, m; v –
 filtration rate, m/day; x is the length of the flow, m; D is the total coefficient of microdispersion; DL is 
the dispersion coefficient along the flow direction. 
Diffuse migration of pollution has three zones (Fig. 1). This is, accordingly, a zone of partial mixing, 
within that the contamination does not extend to the entire thickness of the formation; a mixing zone 
in which contamination occurs throughout the formation; zone of complete mixing, in which the 
pollution spreads evenly (Novokhatska and Kreta, 2015). 
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Figure 1 Distribution of pollution migration in the groundwater flow (Novokhatska and Kreta, 2015): 
1 – surface groundwater level; 2 – place of contamination into groundwater; 3 – diffuse spread of 
pollution; l1 – zone of partial mixing (zone I), m; l2 – mixing zone (zone II), m; l3 – zone of complete 
mixing (zone III), m; m is a thickness of the aquifer, m; q0 – inflow of pollution into groundwater, 
m3/sec; q is the specific flow rate, m3/sec 
 

Example. Groundwater monitoring at the Zdolbuniv landfill. Within the study area the assessment 
of groundwater quality was performed for aquifers of the Cretaceous age. The assessment was 

performed based on the results of tests of two 
special observation wells No 1 and No 2 (Fig. 2), 
which were carried out in June 2020 (see 
Table 1). Monitoring of groundwater quality is 
carried out with the help of these wells, as well as 
the outputs of groundwater (drainage) to the 
earth’s surface. 
Within the territory of the landfill there is a zone 
of increased contents of certain chemical 
components of the aquifer, which are fixed by 
well No 1. This well is located within the south-
western part of the landfill. In this area there are 
elevated concentrations of sodium, potassium, iron, 
magnesium, nitrates, as well as elevated oxidation. 

 

Table 1 The results of hydrochemical analysis of groundwater samples taken at the Zdolbuniv landfill 
for municipal solid waste from aquifers of the Cretaceous age (as of June 2020) 

Components, mg/l 
Observation wells Maximum permissible 

concentration, mg/l No 1 No 2 
Sodium Na 1940.40 38.87 120 
Potassium К 1928.80 6.21 50 
Calcium Ca 140.20 56.85 180 
Magnesium Mg 105.53 21.02 40 
Iron Fe 2.58 1.12 0.3 
Hydrocarbonate ion HCO3

- 0.00 141.90 250 
Chloride ion Cl- 0.00 71.3 250 
Sulfate ion SO4

2- 932.30 103.52 250 
Nitrates NO3

- 309.80 5.9 45 
Sum  5408.86 450.97  
Dry residue (g/l)  13.532 0.4388 1 

 
On the other hand, during the period of observations no excess of chemical compounds was found in 
the groundwater controlled by well No 2 located within the north-eastern part of the landfill. 

 
Figure 2 Layout of observation wells at the 
Zdolbuniv landfill for municipal solid waste 
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The calculation of the pollution concentration distribution and the estimation of influence of the 
propagation of filtration water along the flow depth for the Zdolbuniv landfill were performed on the 
example of nitrates (NO3

-) according to equation (1). Therefore, we know (see Table 1) that the 
concentration of nitrates in the source of contamination of the landfill c0 = 309.80 mg/l, and according 
to literature sources, that the inflow of contaminated water into groundwater in this region is 
q0 = 0.03 m3/sec and that the filtration rate for local sands v = 5.2÷6.3 m/day. The distance (r) from 
the aquifer to the place where the emission of pollution occurred after time t, is calculated by formula 
(2):  

 2
0

2
0 zxr  , (2) 

where z0 is the depth of movement of contamination at time t, m; x0 – distance to the place of 
contamination, m. 

Assume that х0 = 0, and 
TL D/Dzz 0 , where DL and DT are the longitudinal and transverse 

dispersions, respectively, and z is the distance from the aquiclude of aquifer to the place where the 
emission of pollution occurred (vertically) after time t. In this case r = z. Then equation (1) will take 
the form (3):  
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The total microdispersion coefficient (D) takes into account the processes of molecular diffusion and 
hydrodispersion. For homogeneous fine-grained sands D = 0.075 103 m. When modeling pollution, it 
is necessary to take into account the flow length from the pollution source (x). Assume that 
x = 0.025 km = 25 m. 
Taking into account these indicators according to equation (1), a mathematical modeling of 

convective-diffuse nitrate transfer 
was performed, the results of which 
are shown on Figure 3. 
Analyzing the graph of mathematical 
modeling (Fig. 3) of convective-
diffuse transport of nitrates, we see 
that their concentration becomes 
smaller with depth. At the same time, 
there is a regularity that with each 
deepening per 1 m of nitrate 
pollution decreases by 10–20 mg/l, 
respectively, which is due to the 
homogeneity of soil horizons in the 
study area. 
There is also a decrease in nitrate 
pollution with a distance from the 

well No 1 to the northeast at distances of 5, 10, 15, 20, 25 meters. And this is logical, because the 
distance from the source of pollution increases and thus reduces the concentration of nitrates in 
groundwater. 
In general, the relief of the earth’s surface within the territory of landfill is flat, but there are slight 
elevations in its north-western part. Presumably, this also affects the concentration of nitrates both in 
the soil and in groundwater within the landfill. 
Conclusions. To forecast the zone of distribution of toxic harmful substances formed in the body of 
the landfill, the migration flow of filtration waters was studied and determined for the area of 
Zdolbuniv landfill. The current methodological techniques are used, which provide the complexity of 
research during the analysis of the impact of the filtration process from the source of pollution on the 
components of the environment. 
Pollution migration occurs as a result of convective and diffuse-convective transfer together with the 
main transfer in the direction of deep flow. Therefore, different dispersion coefficients along and 

 
Figure 3 The results of mathematical modeling of 
convective-diffuse transport of nitrates, according to 
equation (1), in the groundwater of the Zdolbuniv landfill for 
municipal solid waste 
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across the direction are taken into account. The influence of the transverse dispersion is carried out in 
the linear flow of the aquifer of a certain thickness. Diffuse migration of contamination has three 
zones: it is a zone of partial mixing, within that the contamination does not extend to the entire 
thickness of the formation; a mixing zone in which contamination occurs throughout the formation; a 
zone of complete mixing in which the contamination is distributed evenly. 
The concentration of the source of contamination was determined from water samples taken from the 
collection pond of the leachate. Groundwater pollution affects the quality of river water into which 
they are discharged. Therefore, there is an interaction of causes and effects in surface and 
groundwater pollution. The hydrochemical study confirmed the degree of contamination of 
conditioned receptors. 
As a result of researches the mathematical modeling of migration of a filtration stream and influence 
of polluting elements on underground waters in the zone of influence of the Zdolbuniv landfill of 
MSW is executed. Accordingly, the patterns of distribution of groundwater pollution concentration 
within the landfill have been established. 
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