
ISSN 2307–3489 (Print), ІSSN 2307–6666 (Online) 

Наука та прогрес транспорту, 2025, № 2 (110) 

ЕКОЛОГІЯ ТА ПРОМИСЛОВА БЕЗПЕКА 

Creative Commons Attribution 4.0 International © O. O. Medvedieva, S. V. Dziuba, M. M. Biliaiev, 

doi: https://doi.org/10.15802/stp2025/330861 V. A. Kozachyna, P. S. Kirichenko, 2025 

УДК 504.5:628.47 

O. O. MEDVEDIEVA1, S. V. DZIUBA2, M. M. BILIAIEV3*, V. A. KOZACHYNA4, 

P. S. KIRICHENKO5

1M. S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine, Simferopolska St., 2a, 

Dnipro, Ukraine, 49005, tel. +38 (098) 506 98 00, e-mail medvedevaolga1702@gmail.com, ORCID 0000-0001-5575-713X 
2M. S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine, Simferopolska St., 2a, 

Dnipro, Ukraine, 49005, tel. +38 (067) 257 50 44, e-mail sergejdzuba@gmail.com, ORCID 0000-0002-3139-2989 
3*Dep. «Hydraulics, Water Supply and Physics», Ukrainian State University of Science and Technologies, SEI DIIT,  

Lazaryana St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 09, e-mail biliaiev.m@gmail.com,  

ORCID 0000-0002-1531-7882 
4Dep. «Hydraulics, Water Supply and Physics», Ukrainian State University of Science and Technologies, SEI DIIT,  

Lazaryana St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 09, e-mail v.kozachyna@gmail.com,  

ORCID 0000-0002-6894-5532 
5Dep. «Heat, Gas, Water Supply, Water Drainage and Ventilation», Kryvyi Rih National University, Vitaly Matusevich St., 11, 

Kryvyi Rih, Ukraine, 50027, tel. +38 (056) 409 06 06, e-mail pasha_129@ukr.net, ORCID 0000-0002-0793-9593 

Forecasting Zones of Air Pollution from Solid Waste Landfills 

Purpose. The work is aimed at developing a mathematical model that allows to quickly calculate the area of 

chemical air pollution during the emission of hazardous substances from solid waste landfills. The mathematical 

model takes into account meteorological parameters, geometric shape of the landfill, intensity of emission of haz-

ardous substances from the landfill. Methodology. The two-dimensional equation of convective diffusion transfer of 

a conservative impurity from the atmosphere is used to analyze the intensity and size of chemical air pollution dur-

ing the emission of hazardous substances from the landfill. A difference scheme of splitting is used to numerically 

solve the equation of convective-diffusive transfer of an impurity. The emission of hazardous substances from the 

landfill is modeled using the Dirac delta function. Findings. The developed mathematical model takes into account 

the main physical factors that affect the process of dispersion of hazardous substances from the landfill. On the basis 

of the developed numerical model, a computational experiment was conducted to assess the impact of the landfill on 

the environment. Originality. On the basis of the developed numerical model, a computer code was developed that 

allows predicting chemical pollution of the atmospheric wind and the underlying surface in the event of emission of 

hazardous substances from the surface of a solid waste landfill. The developed model and computer code make it 

possible to quickly assess the extent and intensity of environmental pollution from landfills, which is important 

when selecting sites for new or reconstructed landfills. Practical value. The software implementation of the devel-

oped numerical model was carried out, and a computational experiment was conducted to illustrate the effectiveness 

of using the model to solve applied problems related to the impact of landfills on the environment. The results of the 

numerical experiment are presented. 

Keywords: solid waste landfill; environmental pollution; forecasting; air pollution; mathematical model 

Introduction 

Solid waste landfills are long-term sources of 

environmental pollution. Almost every country has 

a significant number of such landfills (Fig. 1). 

Therefore, considerable attention is paid to the 

problem of assessing the impact of solid waste 

landfills on the environment, the emission of haz-

ardous substances from landfills [2–7, 10] and the 

problems of reducing the negative impact on the 

environment [4]. 

As a rule, landfills occupy a significant area. 

Over time, hazardous substances infiltration from 

the landfill site into the aeration zone occurs and the 

groundwater beneath the landfill is contaminated. 

In addition, very often at these landfills there is 

a fire of various areas (Fig. 2) and over time quite 

significant areas of burning garbage can be created 

(Fig. 3). During the operation of the landfill, burn-

ing garbage at landfills releases methane, CO, 

ammonia and other hazardous substances into the 

atmospheric air. Thus, significant areas of chemi-

cal pollution are formed in the atmosphere in terms 

of length and intensity, which can cause pollution 

not only of forests, agricultural lands, but also of 

air in settlements. 
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Fig. 1. Number of landfills and landfills by region of 

Ukraine in 2021 [7] 

 

Fig. 2. Fire centers at the landfill 

(https://cutt.ly/6rkLbR1N) 

 

Fig. 3. Large-scale burning at the landfill 

(https://cutt.ly/WrkLbnkt) 

Due to the fact that the sizes of existing land-

fills increase over time, and new solid waste land-

fills are also created, an important task arises to 

predict areas of chemical contamination, the under-

lying surface when changing the sizes of landfills, 

during their reconstruction or when creating new 

landfills. 

Determination of areas of chemical pollution of 

atmospheric air during emission of hazardous sub-

stances from solid waste landfills refers to the 

problem of predicting chemical pollution of at-

mospheric air from a source of technogenic pollu-

tion. To solve problems of this class, it is necessary 

to have special mathematical models that take into 

account the main physical factors that affect the 

distribution of chemically hazardous substances in 

atmospheric air, namely: convective transport of 

impurities, atmospheric diffusion, intensity of pol-

lutant emission into the air environment, dimen-

sions of the emission source (landfill). To solve 

problems of this class, the most widely used are the 

Gaussian model (for example, the commercial 

code AERMOD) [9, 11], numerical models [1, 8], 

analytical models. An effective method for solving 

such problems is the use of CFD models, which 

allow obtaining almost all the necessary infor-

mation. However, the use of CFD models requires 

powerful computers (for example, for commercial 

codes ANSYS, COMSOL) and a significant amount 

of time for calculations. In practice, when designing 

landfills or reconstructing existing landfills, it is 

necessary to have special, fast-calculating models 

for the operational assessment of the impact of 

waste landfills on the environment. The develop-

ment of such multifactorial and fast-calculating 

mathematical models («operational models») is  

a modern trend in the field of ecological safety, en-

vironmental protection and labor protection. 

Purpose 

Development of a numerical model for as-

sessing areas of chemical pollution of atmospheric 

air due to the emission of hazardous substances 

from a solid waste landfill. 

Methodology 

In this paper, we will consider an express mod-

el for assessing areas of chemical pollution of at-

mospheric air. Therefore, the prediction of pollu-

tion areas is carried out on the basis of a 2D model 

of air pollution transport (planning model) 

[1, 2, 8]: 

х у
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t x y x x y y

        
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      (1) 

where S – average (by transfer height) value of the 

concentration of a chemically hazardous substance; 

u, v – components of the wind speed vector in the 
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projection on the coordinate axis x, y in accord-

ance; xi, yi – Cartesian, coordinates of the i-th 

source of emission of a chemically hazardous sub-

stance at the facility; t – time, s; μx, μy –

atmospheric turbulent diffusion coefficients; 

δ(xi, yi) – Dirac delta function, which is used to 

specify the location of the emergency release in the 

model. The emission intensity of a chemically haz-

ardous substance is equal to Q. 

For equation (1), the following boundary condi-

tions are implemented: 

1) at t=0 the impurity concentration in the study 

area is given; 

2) at the boundary where the flow enters the 

study area, the condition is set S=S1, where S1 – 
known impurity concentration; 

3) at the boundary where the flow exits the 

study area is given by 0
S

n





, where n – unit vec-

tor normal to the boundary. 

For numerical integration of the transfer equa-

tion (1), its decomposition is carried out as follows: 

 x
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, (2) 

  y

S vS S

t y y y

    
   

    
, (3) 

     
1

n

S i i i

i

S
Q t x x y y

t 


   


 . (4) 

For the numerical solution of equation (2), the 

following two-step splitting scheme is used: 

– the first step uses the dependency: 
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– in the second step, the dependency is used: 
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For the numerical solution of equation (3), the 

following two-step decomposition scheme is used: 

– the first step uses the dependency: 
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where ,
2 2

v v v v
v v  

  . 

For numerical integration of equation (4) the 

Euler method is used. 

To assess the level of contamination of the un-

derlying surface during the migration of impurities 

from the landfill, the dependence is used: 

    
0 , 0

, , 0,

T

s

S z

G dt w C x y z t ds


    , 

where t – time; S – surface area; α – coefficient 

that takes into account the «capture» of the to-bag; 

T – integration period. 

When performing calculations, it was assumed 

α=μz. 

Determining the amount of impurity that has 

reached the surface of the earth over a certain peri-

od of time makes it possible to scientifically de-

termine the level of contamination of the site for 

calculation purposes to determine the damage. 

Based on the developed numerical model, 

computer code was created. Programming lan-

guage – FORTRAN. 

To conduct a computational experiment based 

on the developed computer code, you need to spec-

ify the following data: 
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1) dimensions of the calculation area; 

2) landfill location; 

3) step in time; 

4) values of atmospheric turbulent diffusion co-

efficients; 

5) wind speed and direction; 

6) intensity of impurity emission into atmos-

pheric air. 

When conducting a computational experiment, 

the following approaches are used: 

1. When considering the process of impurity 

transfer on a scale of 10–15 km, for «pilot» calcu-

lations the position of the landfill is modeled as  

a difference cell where the emission source is lo-

cated. 

2. When considering the process of impurity 

transfer at a scale of 3–5 km, for «pilot» calcula-

tions, the position of the landfill is modeled as a set 

of difference cells that “cover” the surface of the 

landfill – the emission source. 

Findings 

On the basis of the developed numerical model, 

the model problem is solved. The location of the 

probable landfill near the village was considered. It 

was assumed that the wind speed is 7 m/s. Two 

scenarios were considered: one landfill near the 

village and two landfills. 

The modeling results are shown in Figs. 4–5. 

CO concentration at the landfill was equal to 100 

(dimensionless concentration). 

 

 

Fig. 4. CO pollution zone:  
1 – C = 11; 2 – C = 22; 

3 – C = 34 

 

Fig. 5. CO pollution zone:  
1 – C = 13; 2 – C = 22; 

3 – C = 34 

As can be seen from the above figures, the 

landfill will affect the territory of the village. Thus, 

creation of a polygon will lead to long-term deteri-

oration of air quality in the settlement area. Crea-

tion of two polygons will lead to a significant in-

crease in the width of the pollution area. 

Calculation time 3 sec. 

Originality and practical value 

Based on the developed numerical model,  

a computer code was developed that allows pre-

dicting chemical pollution of atmospheric air and 

the underlying surface in the event of emission of 

hazardous substances from the surface of a landfill 

for solid household waste. 

The developed model and computer code make 

it possible to quickly assess the size and intensity 

of environmental pollution from landfills, which is 

important when selecting sites for landfills being 

created or those that will be reconstructed. 

Conclusions 

1. A tool has been created for rapid assessment 

of atmospheric air pollution due to emissions of 

hazardous substances from solid waste landfills. 

2. The assessment of the level of atmospheric 

air pollution is carried out on the basis of a funda-

mental model of continuum mechanics, which al-

lows obtaining scientifically sound forecast results. 

3. The developed mathematical model allows 

for a quick assessment of the level of air pollution, 

which is important for the practical use of this 

model. 
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ну, інтенсивність емісії небезпечних речовин від полігону твердих побутових відходів. Методика. Для ана-

лізу інтенсивності та розмірів хімічного забруднення атмосферного повітря в разі емісії небезпечних речо-

вин від полігону використано двовимірне рівняння конвективно-дифузійного переносу консервативної до-

мішки від атмосфери. Чисельне розв’язання рівняння конвективно-дифузійного переносу домішки виконано 

за допомогою різницевої схеми розщеплення. Емісію небезпечних речовин від полігону змодельовано з ви-

користанням дельта-функції  Дірака. Результати. Розроблена математична модель враховує основні фізичні 

фактори, що впливають на процес розсіювання небезпечних речовин від полігону. На основі розробленої 

чисельної моделі проведено обчислювальний експеримент для оцінки впливу полігону на навколишнє сере-

довище. Наукова новизна. На базі запропонованої чисельної моделі розроблено комп’ютерний код, що до-

зволяє прогнозувати хімічне забруднення атмосферного повітря та підстильної поверхні у випадку емісії 

небезпечних речовин від поверхні полігону для твердих побутових відходів. Розроблена модель 

і комп’ютерний код дають можливість швидко оцінювати розміри та інтенсивність забруднення довкілля від 

полігонів, що важливо під час вибору ділянок під полігони, які створюють, або ті, що будуть реконструйо-

вані. Практична значимість. Здійснено програмну реалізацію розробленої чисельної моделі, проведено 

обчислювальний експеримент, що проілюстрував ефективність використання моделі для розв’язання прик-

ладних задач, які пов’язані з впливом полігонів на навколишнє середовище. Наведено результати чисельно-

го експерименту. 

Ключові слова: полігон твердих відходів; забруднення навколишнього середовища; прогнозування; за-

бруднення повітря; математична модель 
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