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Environment Pollution Modeling on the Base of Quick Computing Models

Purpose. Development of a fast calculation models for determining zones of ground waters and air chemical
pollution during the emission of chemically hazardous substances from anthropogenic sources of pollution. To mod-
el the process of passive impurity transfer in ground waters and in atmospheric air, the G. Marchuk model is used,
which takes into account the speed and direction of the flow, the intensity of the emission of chemically hazardous
substances, and atmospheric diffusion (dispersion in round waters). Methodology. The process of ground waters
and air pollution modeling is based on the numerical integration of the mass transfer equation (G. Marchuk model).
Two numerical models were built. One numerical model was built to simulate ground waters pollution. Another
numerical model was built to simulate air pollution. The construction of a numerical models of the impurity propa-
gation process was carried out by splitting of the mass transfer equation (G. Marchuk model). Then a variable-
triangular finite-difference decomposition schemes were used for numerical integration. The unknown value of the
concentration of a chemically hazardous substance is carried out using explicit formulas. A set of applied programs
has been developed based on the constructed numerical models. Findings. A set of applied programs has been de-
veloped based on the constructed numerical models. The results of numerical calculations are presented, showing
the efficiency of the proposed numerical models. Originality. Proposed numerical models of mass transfer allow to
compute quickly the areas of chemical air pollution due to the emission of toxic substances from anthropogenic
sources of pollution. Practical value. Based on the proposed numerical models, a computer code has been devel-
oped. The developed models and computer code make it possible to estimate the size and intensity of environmental
pollution, and can be used in solving the problem of assessing the negative impact on the ground waters and air from
different sources. The results of numerical calculations show the operability of the proposed models.

Key words: ground waters pollution; air pollution; landfills; emergency release; mathematical model; numerical
simulation

Introduction

Landfills for solid construction waste are long-
term sources of environmental pollution. Almost
every country has a significant number of such
landfills. These sources has intensive negative ef-
fect on the ground waters and air pollution (Fig. 1).

Therefore, considerable attention is paid to the
problem of assessing the impact of landfills for
solid household waste on the environment, the
emission of hazardous substances from landfills

Fig. 1. Fire sources at the landfill

[2-6, 8, 9] and the problems of reducing the nega- [https://opentv.media/v-dnepropetrovskoj-oblasti-
tive impact on the environment [6]. sejchas-gorit-poligon-bytovyh-othodov-foto]
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Fig. 2. Accidental emission at the enterprise
[https://24tv.ua/avariya_na_fukusimi_1_fakti_pro_moto
roshnu_katastrofu_v_yaponiyi_n1185905]

Another problem in the field of environmental
safety is atmospheric air pollution during extreme
situations at enterprises (Fig.2). Powerful emis-
sions of chemically hazardous substances into the
air during such extreme situations lead to large-
scale environmental pollution. Therefore, it is very
important for practice to have mathematical mod-
els for predicting environmental pollution during
emergency emissions at enterprises.

Analysis of recent research. Problem of envi-
ronment pollution is of great interest. Pollution
may be caused by industrial emissions, accidental
emissions, inflow of toxic pollutants from landfills
to ground waters, etc. Many tools were developed
to predict atmosphere pollution in case of different
emissions. These tools may be divided in some
groups:

1. Simplified mathematical models — are used
for quick prediction of atmosphere pollution at in-
dustrial sites (for example, Berlyand’s model). As
a rule these are empirical models which do not
demand detail information about the atmosphere
conditions or source of emission.

2. Gauss models — are widely used for atmos-
phere pollution prediction. The models are semi-
empirical. These models allow to obtain important
information for stead- state emissions from differ-
ent sources. Some well-known commercial codes
were developed on the basis of Gauss models (for
example, AERMOD).

3. Analytical models which can be used for
steady state emissions or accidental emissions.

4. Numerical models which are based on nu-
merical integration of mass transfer equation [1, 2,
4-10].

5.CFD models which are based on numerical
integration of Fluid Dynamics models and equation

of Mass Transfer. Some well - known commercial
codes were developed on the basis of these models
(For example, ANSY'S Fluent, MODFLOW).

But the problem of quick computing mathemat-
ical models development for air pollution problems
is still exist. Engineers need «diagnostic» models
which allow to predict quickly air pollution using
standard input information.

Purpose

Development of quick computing mathematical
models to be used in applied calculations of ground
waters and atmosphere pollution problems.

Methodology

In this paper, we will consider an express mod-
els for assessing the areas of chemical pollution of
ground waters and atmospheric air. Therefore, the
prediction of pollution areas in ground waters is
carried out on the basis of a 2D model of the
transport of impurities (planning model, G. Mar-
chuk’s model) [1, 2, 8]:
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where S is the average (by transfer height) value of
the concentration of a chemically hazardous sub-
stance; u,v — components of the speed vector in

the projection on the x, y coordinate axes, respec-
tively; x;,y; — Cartesian coordinates of the i-th

source of emission of a chemically hazardous sub-
stance at the facility; t — time, s; Hyolty — disper-

sion coefficients; 8(xi,yi) — Dirac delta function,

which is used to specify the location of the pollu-
tant release in the model. The emission intensity of
a chemically hazardous 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 boundaries where the flow enters the
study area, the condition S is set = S1, where S1 is
the known concentration of the impurity.
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3. At the boundaries where the flow leaves the
study area is given Z—S =0, where n is the unit vec-
n

tor normal to the boundary.
To simulate air pollution, Eg. (1) is also used
and in this case: p,,u,— are diffusion coeffi-

cients.

For numerical integration of the transport equa-
tion for ground waters pollution problems the fol-
lowing splitting for Eq. (1) was used:
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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 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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where v* = v+ V= V- :
2 2

For numerical integration of equation (4), the
Euler method is used.

To develop the second numerical model for air
pollution modeling, Eq. (1) was split at the differ-
ence level (here we use another notation for impu-
rity concentration “C”):

— the first step of splitting (k=1/4):

cHk _n
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—the second step of splitting (k=n+1/2;
c = n+1/4):
ck-c¢ 1 ) G
M+E(LXCK+LVCK)+ZC§=

=%(Mx—xck+|v|;xc°+

N
- v Q..
+MWCk + MWCC)+|Z,£Z|6| ;

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2025/344435

60

© T. I. Rusakova, O. V. Berlov, O. I. Gubin
0. Yu. Gunko, P. B. Mashykhina, 2025


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2025/344435

EKOJIOI'A TA IIPOMUCJIOBA BE3IIEKA

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)
Hayka Ta nporpec tparcmopty, 2025, Ne 4 (112)

— the second step of splitting (k= n+3/4;
c =n+1/2):

k
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—the fourth step of splitting (k=n+1;
c = n+3/4):
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In these expressions Ly, Ly... are difference op-
erators. These operators are described in [1].

Both finite-difference models were coded. For
programing of the developed numerical models
FORTRAN was used. Computer code includes
some SUBROUTINES which perform calculation
of each step of splitting for each finite- difference
model.

Following input data are used for numerical
experiment:

1. information about dimensions of the compu-
tational area where the numerical experiment will
be carried out;

2. industrial site position (for example, waste
landfill position or railway station position where
the accidental release may take place);

3. time step;

4. parameters of atmosphere stability, disper-
sion coefficients, wind speed and wind direction
(speed of ground waters flow and direction of this
flow);

5. toxic substance emission rate.

6. dimensions and form of emission source.

7. time of emission.

Findings

Based on the developed numerical models, two
model problems were solved. The first problem
considers the location of a possible landfill near the
village and ground waters pollution in case of con-
taminate inflow from the landfill to ground waters.
(Fig. 2).

It is assumed that the ground waters speed was
0.000002 m/s. The HCL emission intensity from
the landfill is assumed to be equal to 1 (dimension-
less value).

The simulation results are shown in Fig. 3.

ge Maps

Fig. 3. Location of possible landfill,
(Google Image 2025)

Fig. 4. Contamination zone, HCL concentration:
1-C=82mg/m? 2 - C =61mg/ms 3-C =37 mg/m?
One can see from Fig. 4 that intensive zone of
contamination of ground waters is formed near the
landfill. This zone can cause contamination of wa-
ter in wells which are used in the village which is
situated near the landfill
Below are the results of solving the second
problem — an emergency release at an railway sta-
tion (fire of oil tank). Wind speed was 8 m/s.
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Fig. 5. Area of contamination, CO concentration:
1-C =158 mg/m? 2 - C =96 mg/m?; 3—-C =71 mg/m3

As one can see from Fig.5, large contamination
zone is formed near the source of emission.

It took 2 sec to obtain results of numerical ex-
periment. Developed computer code allows to ob-
tain dimensions of contaminated zone and intensity
if contamination. Standard input information is
used for numerical modeling.

Originality and practical value

Numerical models have been proposed for the
operational determination of areas of pollution
from anthropogenic sources.

Computer code was developed using
FORTRAN. This computer code can be used for

operational solution of several applied problems in
the field of environmental safety (ground waters
and air pollution problems).

Modeling of ground waters and atmosphere
pollution is carried out using standard input infor-
mation. That is important for practical use of de-
veloped numerical models. Results of computer
experiment are presented as the contamination
zones.

Conclusions

1. Quick computing numerical models have
been developed for analyze of contamination zones
which are formed near different sources of toxic
pollutants emission.

2. Fundamental equation of mass transfer (mass
conservation law) was used as the basis of numeri-
cal model. This equation takes into account wind
velocity speed (ground waters speed and direc-
tion), it’s direction, atmosphere stability, intensity
of toxic pollutant emission

3. Developed numerical models can be used for
prediction of ground waters and atmosphere pollu-
tion in case of release of toxic pollutants from dif-
ferent sites and sources.
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MogaenoBaHHs 3a0pyAHEHHS JOBKILJIA HA 0a3i IIBUAKO PO3PAXyHKOBHX
MoJeJien

Merta. Po3po0Oka MIBUAKO PO3PaXyHKOBHUX MOJCICH /I BU3HAYCHHS 30H XIMIYHOTO 3a0pyTHCHHS IMiI3eMHHUX
BOJI Ta TMOBITPS MPH eMicii XIMIYHO HeOe3NeyHUX PEeYOBUH BiJI aHTPOIOTEHHUX JUKepes 3a0pyaHeHHs. s mMoje-
JIFOBaHHS MPOLIECY NMEPeHOCY NaCUBHOT IOMIIIKM B MiJI3EMHHUX BOAAX Ta B aTMOC(HEPHOMY IMOBITPI BUKOPHCTOBYETh-
cs Mogens I'. Mapuyka, 1o BpaxoBye MIBUAKICTh Ta HANPSAM PYXY HOTOKY, IHTEHCHBHICTB eMicii XiMiuHO Hebe3med-
HOi pe4oBWHH, aTMOocdepHy mudysiro (aucrmepciro). Meromuka. [Ipomec MomemtoBaHHS 3a0pyAHEHHS MTiA3EMHHUX
BOJI, aTMOC(EPHOTO TOBITPsI 0a3yeThCS Ha YHCEIBHOMY IHTETpYBaHHI piBHSHHS MacomnepeHocy (Moxensb . Mapay-
ka). [ToOymoBa yhceIbHUX MOJICIIeH IPOLeCY MOMIMPEHHS TOMIIIKH 3iHCHIOETHCS LIUIIXOM PO3LICIUICHHS PiBHSIHHS
MacormepeHocy. Jami OymyroTbes IBi KiHIIEBO-PI3HHUIIEBI CXEMH po3MICIUIeHHS. HeBimome 3HaYeHHS KOHICHTpPAMii
XiMIYHO HeOe3neyHo! peuyOBHHM BU3HAYACTCs 32 JOIMOMOTOI0 SBHUX (OPMYJ, LIO JO3BOJISE PO3POOUTH MPOCTHUl
ANTOPUTM pillleHHs Pi3HULIEBUX piBHAHB. Pe3yabraTn. Po3po0ieHuii KOMIUIEKC NPUKIAJAHUX MporpaM Ha 0a3i no-
OylnoBaHUX YMCICHHUX Mojelneil. HaBeneHi pe3yabTaTH YHCENbHUX PO3PaxXyHKIB, IO ITOKa3ylOTh Mpane3aaTHICTh
3aMpOINOHOBAHUX YHCEIbHUX Mojenell. HaykoBa HOBH3HA. 3ampONOHOBaHI YHCENIbHI MOJIENI MaCOMEPEHOCY, IO
JIAF0Th MOJKJIMBICTH IIBUJAKO PO3paxoBYBaTH 00JacTi XiMi4HOrO 3a0pyIHEHHs MiI3eMHHUX BOJ Ta aTMoc(epHOro
MOBITPS TIPH eMicii TOKCHYHUX PEYOBHH BiJi aHTPONOTEHHUX JKepen 3a0pyaHeHHs. [IpakTuuHa 3HayumicTs. Ha
0a3i 3ampOMOHOBAHMX YHCEIBHUX MOJAEICH po3poOIeHUil KOMIT'IOTepHUA Koz, Po3pobseHi wmozeni Ta
KOMII'FOTEPHUI KOJ Ja0Th MOXKITMBICTD IIBHUIKO OLIHIOBATH PO3MIPH Ta IHTEHCHBHICTH 3a0pyIHEHHS NOBKIILIA, Ta
MOe OyTH BUKOPUCTAHU MPHU PIillIeHH] TBOX KJIACIB 3a/1a4 110 OL[HIOBAHHIO aHTPOIIOI¢HHOTO BIUIUBY Ha HaBKOJIHILI-
HE CepeIOBHINE BiJl aHTPOIIOTEHUX JUKEPET 3a0pyAHEHHS.

Kouosi cnosa: 3a0pyaHEHHS MiA3eMHHUX BOJ, 3a0pYIHEHHS IOBITPS; IOJNITOHU BiJIXOJiB; aBapidiHUA BUKUI;
MaTeMaTu4Ha MOJIEJIb; YHCEIIbHE MOIETIOBaHHS
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