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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.
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the landfill site into the aeration zone occurs and the
Introduction 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.

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
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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 modelsy) 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]:
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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; X, Yyi — Cartesian, coordinates of the i-th
source of emission of a chemically hazardous sub-
stance at the facility; t — time, S; ux, uy —
atmospheric  turbulent diffusion  coefficients;
o(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=S;, where S; —
known impurity concentration;

3) at the boundary where the flow exits the

study area is given by Z—S =0, where n — unit vec-
n

tor normal to the boundary.
For numerical integration of the transfer equa-
tion (1), its decomposition is carried out as follows:
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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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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 v* _V+M N _V-M :
2 2
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:

G =].dt _U (W, +pa)C(x,y,z=0,t)ds,

0 S,z=0

where t — time; S — surface area; a — coefficient
that takes into account the «capture» of the to-bag;
T — integration period.

When performing calculations, it was assumed
0=z,

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:

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2025/330861

© 0. O. Medvedieva, S. V. Dziuba, M. M. Biliaiev,
V. A. Kozachyna, P. S. Kirichenko, 2025

31


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720
https://doi.org/10.15802/stp2023/292720

EKOJIOI'A TA IIPOMUCJIOBA BE3IIEKA

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)
Hayka Ta nporpec tparcmopty, 2025, Ne 2 (110)

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

S

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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Hy, IHTCHCHBHICTh eMicii HeOe3MeUHNX PEUOBHH BiJ MMOJIITOHY TBEpIUX MoOyTOBUX BinxoxiB. Meroauka. [[isa ana-
73y IHTEHCHBHOCTI Ta pO3MipiB XiMigHOTO 3a0pyIHEHHS aTMOCc(epHOTO MOBITPS B pasi emicii HeOe3rmeuHnx pedo-
BHH BiJ TIOJIITOHY BHKOPHCTAHO JBOBUMIpHE PIBHSHHSI KOHBEKTHBHO-AHM(]Y3iHHOTO mepeHoCcy KOHCEpBAaTHBHOI JI0-
MIIIKH Bix aTMochepu. YrcenpHe po3B’si3aHHS PiBHSIHHSI KOHBEKTHBHO-TU(PY31HHOTO IMEPEHOCY TOMIIIKHA BUKOHAHO
3a JIOTIOMOT'OI0 PI3HUIEBOI CXeMHM po3lieruieHHs. EMicito HeOe3NneyHnX pedoBHH Bif IIOJIITOHY 3MOJIENIbOBAHO 3 BH-
KOpHUCTaHHAM jenbTa-QpyHKii [lipaka. PesyabraTn. Po3pobiiena MaremMaTnuHa MOJIENIb BpaXOBY€E OCHOBHI (i3H4HI
(baxkTopH, 110 BIUIMBAIOTH Ha INPOLEC PO3CIIOBaHHS HEOE3NEYHHX PEYOBHH BiA moiiirony. Ha ocHOBi po3pobieHoi
YHCENLHOT MOJIEINI MTPOBEJCHO OOYHCITIOBANIBLHIN €KCIIEPUMEHT ISl OL[IHKH BIUIMBY IOJIrOHY Ha HaBKOJIUIIHE cepe-
nosuile. HaykoBa noBu3Ha. Ha 6a3i 3anponoHOBaHOT 4nCENbHOT MOJIEIi PO3pO0IIeHO KOMIT FOTEPHUH KO/, IO J10-
3BOJISIE TIPOTHO3YBATH XiMi4HE 3a0pyIHEHHS aTMOC(EepHOTo MOBITPS Ta MiACTHIBHOI MOBEPXHI Y BHIAAKY eMicii
HeOE3NEeYHNX PEUOBHH BiJ] TOBEPXHI MOJITOHY M TBepAuX MOOyTOoBHX BiaxoxmiB. Po3pobmena wmomens
1 KOMIT TOTepHHI KOJ Jaf0Th MOKJIMBICTh IIBUAKO OIIHIOBATH PO3MIpHU Ta IHTCHCUBHICTD 3a0pyIHEHHS JOBKIILIA BiJl
TIOJITOHIB, II0 BAYKIJIMBO i Yac BUOOPY OUISHOK IIiJ] MOJITOHH, SIKi CTBOPIOIOTH, a00 Ti, MO OyOYyTh PEKOHCTPYHO-
BaHi. IIpakTHYHA 3HAYMMIicTh. 3IifICHEHO MPOTpPaMHy peai3alifo po3poOIeHOT YHCEeNbHOI MOJENi, IPOBEIECHO
00YHCITIOBAIEHUM €KCIIEPUMEHT, 10 MPOLTIOCTPYBaB e(heKTUBHICTh BUKOPUCTAHHS MOJETI I PO3B’A3aHHS IPHUK-
JaHHX 3aj]ia4, SKi OB’ s43aHi 3 BIUIMBOM MOJITOHIB HA HaBKOJIMIIHE cepeoBuile. HaBeneHo pe3ynbTaTi YnuceIbHO-
IO EeKCIIEpUMEHTY.
Knrouosi cnosa: momniroH TBEpaX BiXO/iB; 3a0pyTHEHHs HABKOJIMIIHBOT'O CEPEIOBHILA; TPOTHO3YyBaHHS; 3a-

OpYyIHCHHS TOBITPS; MATEMaTUYHA MOJICIIb
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