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The purpose of this article was to use a mathematical modeling in order to study the migration 

of various pollutants, including radionuclides, from poorly sorbed to highly sorbed ones that 

travel from groundwater to pressure groundwater through a separating layer, an aquiclude, 

and has varying permeability. Among others, the field of hydrogeological researches performs 

search and exploration of groundwater deposits. Search is the first stage which is carried out 

in unexplored territories, followed by exploration, the second stage, which is performed in the 

promising territories that were revealed during the first stage. 

Our studies follow the first stage, because the territories of our choice, located in the Kaluga 

Region and affected by the Chernobyl accident, were unexplored. We focused on studying the 

migration of pollutants from groundwater through the aquiclude of the pressure waters. The 

direction of our search was determined by the aquiclude’s ability to let the pollutants through, 

which is considered the most unfavorable conditions for groundwater, or its ability to keep the 

pollutants out, which is considered a favorable condition. However, both of these stages do not 

exist separately in natural and artificial conditions, because they simply merge together, but, in 

order to study that, a thorough geological and hydrogeological knowledge of the territory is 

needed, which we do not possess for the study area. Therefore, our research was carried for both 

stages: in the first one, the aquiclude was assumed to be permeable, while in the second one it was 

assumed impermeable. 

For each stage, exploratory numerical experiments were carried out using mathematical 

modeling. The object of those studies was the part of the Kaluga Region, most affected by the 

accident at the Chernobyl nuclear power plant. Studies concerning the first stage have been 

already completed and published by our crew (Belousova, Rudenko, 2021a, 2021b), while the 

results of the second stage and generalizing results of both studies are presented in this article. 

We studied the migration of various pollutants, including radionuclides, from groundwater 

through an impermeable aquiclude to the confined aquifer. We used the same profiles that 

were studied in the first stage, but applied slightly modified scenarios and used different 

coefficients of pollutant sorption distribution (Kd). 

Numerical experiments of the second stage were carried out according to the following 

scenarios: 1 – (1-3-1), 2 – (1-6-1), 3 – (1-10-1), 4 – (6-60-6), 5 – (26-260-26), 6 – (100-1000-

100). The first digit is the Kd value (l/kg) in the 1st layer, the second digit – 2nd layer, the third 

digit – 3rd layer. This selection of coefficients was determined by the fact that their values 

were assigned to be higher in the aquiclude than in the upper and lower aquifers. 

Each scenario was applied for two conditions: with and without radioactive decay. The 

starting condition was the contamination degree of groundwater, just like the contamination 

degree of the ground in the radioactive trace zone of the study area. However, such a spread 

of contamination by either radionuclides or other pollutants is not actually (in natural 

conditions) observed in the groundwater of this territory. Pollutant concentrations can be 
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specified in g/l, maximum permissible concentration (MPC) and background concentrations, 

but we used MPC. Kd of various pollutants were selected from the known values for the 

Bryansk Region (Belousova, Rudenko, 2021a, 2021b); regarding radionuclides, the Kd values 

mainly refer to the unsaturated zone of contamination. 

We established that the main factors forming the pollutant migration are the radioactive decay 

of the said pollutants, their sorption properties, and the hydrodynamic dispersion of 

groundwater flow, which, in turn, depends on the geological and hydrogeological conditions 

of the study area and the aquiclude permeability. The studied situation proves that aquicludes 

cannot ensure a full protection of pressure groundwater from pollution. 
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