IIposedeno kpumuunuii ananiz nidxodie 0o po3podxu modeni 6u3HA-
ueHHs KoHueHmpauii nebesneunux ximiunux pewosun (HXB) y ammoc-
depi, aKi € 0cH06010 KOMNIOMEPHUX CuUCmeM eKO0I02iMH020 MOHIMOPUHZY
(KCEM). Bcmanogaeno, wjo nedocmamus epexmuenicmo QyHKuionyeanms
icnyrouux KCEM eusnauaemocs HedOCKOHANICMIO 6UKOPUCTMOBYBAHUX 6 iX
cknaoi mooeneii eusnavenns xonuenmpauii HXB ¢ ammocepi. Kpim mozo,
Op2aniuHUM HeQONIKOM MAKUX CUCEM € iX 6100MUA NPUHATIEHCHICMY i, K
Hacaidok, oomedcenicmv Koa nomeHuitinux Kopucmyeauie. /s nioeuwen-
Ha epexmuenocmi PynKuionyeanus 062060p106an020 KAACY CUCHEM 3ANPO-
NOHO6aHA KOHUENYIA KOMNIEKCHO20 uKopucmanus, 6 pamxax KCEM, ene-
MeHmMi6 IHPOPMAUTUHO -AHATIMUYHUX CUCEM MOHIMOPUHZY HABKOJUUHDO20
cepedosuma, 3aco0ié 06POOKU CYnYMHUKOBUX 300paNcetv, 2eoindopmayiii-
HUX MEXHON021ll, @ MAKOHC MAMEMAMULHO20 3a0e3nereHHs 01 PO3PAXYHKIE
Konyenmpayii piznux eudie HXB ¢ ammocepi. llooydosea KCEM na ocrosi
makoi Konuenyii Hadacmv 3mo2y icmomuo nideuwumu edexmuenicmo ix
Qynruyionyeanna 6 acnekmax cCKopoueHns uacy Ha Gopmyeanns piwenv, a
Maxodic 3HUNCEHHA PUSUKY npulinammas nesipuux piwens. Ipu ybomy mame-
Mmamuune 3a6e3neuenns KCEM mae 6 ceoiii ochogi <zayccosys> cmamuc-
muuny modesv po3noscrodxcenns piznux éudie HXB 6 ammocepi, wjo cay-
2ye, nopa0 i3 2e0iHGOPMAUIUHUMU MEXHON0IAMU, 0N CUHME3Y 2e0MO0ei
3a0pyonenns npuzemnozo wapy ammocepu HXB. B axocmi intocmpamus-
HO20 npuxnady posensnyma cumyayis euxudy HXB (¢ppeona-12) 6 paiioni
M. Bina Ilepxea (Kuiscvka odnacme, Yxpaina).
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1. Introduction

The negative impact of the environment on the state of
human health, due to anthropogenic stress, has increased
many times in recent years. One of the most important fac-
tors of such exposure is atmospheric pollution with hazard-
ous chemicals (HC), such as ash, industrial dust, zinc oxide,
resins, oxide and nitrogen dioxide, ammonia, hydrogen
chloride, etc.

The vast majority of modern computer systems for envi-
ronmental monitoring (CEMS) are subordinate to the de-
partment. CEMS are focused on a comprehensive assessment
of the current state of potentially hazardous objects (PHO)
[1] and emergency situations at these facilities related to
environmental pollution by chemical waste [2, 3].

At the same time, the systems of basic monitoring (as a
rule, terrestrial), are able to track the background content
in the air of a very limited HC range. Thus, the currently
used computer systems for monitoring air pollution have
a number of drawbacks, which significantly reduce their
effectiveness.

These disadvantages include, first of all, the focus on
decision-making support only in extreme conditions, and,
by virtue of departmental affiliation, the limited number of
potential users of such systems.

Today, in most countries of the world, a PHO classifier
has been developed and operates, on the basis of which all
PHOs are certified. In addition, the methods for calculating
virtually all hazards, in particular, and those related to at-
mospheric pollution, have been developed and implemented
as software tools. TOXI-3 methodology and others. On the
other hand, today, the problem of creating effective means of

risk assessment, determining the degree of vulnerability of
the population due to atmospheric pollution of the chemical
and water supply, remains topical.

The combination, within the framework of modern infor-
mation and analytical environmental monitoring systems,
of satellite image processing means with geoinformation
technologies and mathematical software will provide an
opportunity to provide a qualitatively new level of func-
tioning of such systems. Along with this, the effectiveness
of information and analytical systems for monitoring the
environment would be much higher if CEMS had access to
the hypermedia environment. Access to the information of
many users would allow to adequately assess not only the
collective but also the individual level of vulnerability, as
well as significantly reduce the cost of operating atmospheric
monitoring systems.

2. Literature review and problem statement

The issues of informatization of the monitoring processes
of the state of the environment, in particular the atmosphere,
using satellite monitoring and geoinformation technologies,
are described in [4—8]. For example, in [4], the use of spe-
cial tables is proposed, in which the standard values of the
parameters of substances that are dangerous to the environ-
ment in general and to humans in particular are indicated.
The authors of publications [5—8] describe the methods de-
veloped by them for calculating the area of infection and HC
concentration. At the same time, in these publications, there
are no results suitable for creating universal methodological
and software tools for estimating the HC propagation, in




each case the authors consider particular scenarios for the
development of an emergency.

Since the processes HC propagation processes in the
atmosphere are continuous, they are adequately represent-
able in the form of a system of differential equations. At the
same time, it is necessary to take into account a significant
number of factors describing environmental conditions,
which in practice leads to the representation of a model in
the form of a system of high-order equations for which there
are no computational methods that guarantee the existence
and uniqueness of the solution. The representation of the
processes under consideration by logical-dynamic equations
is impossible due to the weak structuring of these processes,
which leads to the need to use artificial intelligence technol-
ogies [9]. The authors of this work suggested using artificial
neural networks as a methodological base for the created
CEMS. As the components of the model, the authors pro-
posed to use expert and fuzzy systems, genetic algorithms,
fractals, elements of cognitive computer graphics. The au-
thors of the work under discussion do not describe specific
models and technologies in which the corresponding ideas
are implemented. At the same time, the effective solution
of problems of forecasting accidents and their consequences
plays an important role in decision-making. In modern sci-
entific literature, such problems are poorly represented and,
as arule, at the general theoretical level. For example, in [10]
the process of macro-forecasting of information indices of
environmental safety using the neural network model is de-
scribed, and in [11] models are proposed for HC monitoring
based on logical-probabilistic modeling. The results of the
first of these works provide an opportunity to draw conclu-
sions about the degree of danger of living in the region, while
the models proposed in [11] allow to assess the risks of an
emergency and possible scenarios of decision makers.

A significant part of modern work in this area is de-
voted to the study of the maximum concentration levels of
explosive substances. In particular, the lower concentration
limit of ignition, that is, the minimum content of fuel in a
mixture of “combustible matter-oxidizing environment”, is
established in [12]. The authors of [13] believe that if the
concentration is less than such a limit, then the conditions
of the technological process should be safe. In [14] the solu-
tion of the same problem for open territories is proposed.
The author of the above works focuses on the prediction
of future events, while issues related to the assessment of
accuracy and the adjustment of forecasts remain out of the
view of researchers.

Prediction of HC concentration in the atmosphere is
accompanied by considerable uncertainty. For a quantitative
description of the HC propagation process, today there are
three known approaches based on the use of: Gaussian or
dispersive models; dispersion models that use integral mass
conservation laws in the cloud for salvo emissions, but also
include so-called “heavy gas” models, as well as direct nu-
merical simulation models.

In Gaussian models, a series of heuristics is introduced
to determine the coefficients describing atmospheric tur-
bulence. The models themselves describe two processes in
the atmosphere — wind and the HC dispersion due to atmo-
spheric turbulence. The disadvantage of such models is the
relatively low accuracy of estimating the HC concentration
near the point of release. The dynamics of propagation of
atmospheric chemical compounds in the atmosphere during
emission is much more complicated than it is represented

in Gaussian models, since this type of models does not take
into account reduced currents and an increased density of
chemical atmospheric compounds compared to atmospheric
air. Therefore, special models are developed that take into
account the HC relevant features and which are called the
“heavy gas” dispersion models. The implementations of such
models are known: the World Bank methodology [15], HG-
GYSTEM [16], presented in GOST R12.3.047-98 [17], the
RD method 52.04.253-90 [18]. The common drawbacks of
the above methodical means are the exaggerated real conse-
quences of accidents.

Thus, the unresolved at the moment the problems of
creating CEMS for assessing the effects of technological and
environmental accidents and disasters associated with the
HC propagation in the atmosphere should include:

1. The lack of a unified approach to the development of a
methodological framework and the practical implementation
of technologies that take into account both the continuous
dynamics of environmental change and the decision maker’s
subjectivity.

2. The lack of methods to prevent accidents and disasters
by predicting emergency situations.

3. The lack of elements of scenario analysis and, as a
result, decision-making on the fact of an accident, when in
a critical situation the risks of making decision makers sig-
nificantly wrong.

4. In the case of decision-making by a team of experts, a
necessity to take into account the different levels of compe-
tence of those involved in this process, which is not always
possible.

Of the problems listed above, the first one is the most
significant at the moment, since the lack of a methodolog-
ical basis prevents the effective overcoming of the rest. At
the same time, the features of chemical accidents and their
consequences determine the need to solve the scientific and
technical problem of predicting the HC concentration in
the entire contamination area. To solve this problem, it is
necessary to obtain models that allow determining the HC
concentration in the entire possible area of infection or the
HC concentration values at specific points.

3. The aim and objectives of research

The aim of research is increasing the efficiency of the
process of determining the HC concentration in the atmo-
sphere based on the improvement of the computer system
for environmental monitoring. This will allow analyzing and
assessing the level of vulnerability of the population due to
air pollution with hazardous chemicals.

Achieving this aim is associated with the necessity to
solve the following tasks:

— synthesize, on the basis of evolutionary modeling
methods, a methodology for predicting the concentration of
hazardous chemicals in the post-accident period;

— develop a special geo-model based on the combination
of analytical methods and geoinformation technologies, in
order to accurately determine the hazardous areas when HC
emissions into the atmosphere;

— illustrate the result of using the synthesized method for
creating a core, in the form of a geo-model, a computerized
environmental monitoring system, using the example of esti-
mating the HC propagation after a chemical accident in the
area of Bila Tserkva, Ukraine.



4. Materials and methods for studying the characteristics
of the process of determining the HC concentration in the
atmosphere

At the substantive level, the aim of research is pre-
diction the HC concentration in the post-accident period
on the basis of preliminary pre-emergency structural and
parametric identification of the models of the HC con-
centration and to refine its values based on the results of
several measurements.

To implement the task formulated above, it is necessary
to create a system for predicting the HC concentration in
the post-accident period, which makes it possible, on the
basis of this information, to rationally allocate resources for
emergency response.

Since the determination of the HC concentration is
carried out in the post-accident period, the criticality of the
conditions, the responsibility for the decisions made, does
not allow the use of a set of reasonable measures to minimize
the consequences of the accident. For the objectification of
such decisions it is necessary to use both monitoring and
prediction data.

Prediction of the consequences of the accident occurs
under conditions of uncertainty caused by their suddenness
and critical decision-making processes. In practice, there are
operational, tactical and strategic types of prediction

In the first case (operational forecasting), determine
the scale of the accident and the expected consequences in
the near future (3—5 hours). Tactical prediction is designed
to provide answers to questions about the area of infection,
the necessity to evacuate people, possible damage and the
actions of the operational and rescue services. The timing
of the elimination of the consequences of the accident, its
impact on the environment, the quantitative and qualitative
composition of technical means is the subject of strategic
forecasting. It is also necessary to implement post-fore-
casting or specification of the values of the parameters of a
chemical accident in the post-accident period.

Since traditionally relevant forecasting problems in this
case are solved using well-known methods based on the
principle of averaging the results, it is often impossible to
obtain accurate results in every situation that is unique. In
this case, it is necessary to use models in which the envi-
ronmental features are adequately represented. It is obvious
that the construction of such models should be based on the
consideration of expert experience.

Models for determining the HC concentration are identi-
fied in the pre-accident period and it is obvious that the sim-
ulation results will not fully reflect the features of a specific
accident. Refinement could be made taking into account the
insignificant number of measurements in the post-accident
period, since measurements are anyway taken. In this case,
there is the possibility of rational retraining of the model in
an accelerated mode. In addition, the measurement results
will allow to clarify the initial values of the accident param-
eters, which are set for calculations using the model empir-
ically. Features of the solution of the problem require the
use of an appropriate mathematical apparatus, which would
make it possible to take into account the expert opinions and
accelerated correction of the HC concentration model.

Since the output exact values of the accident parameters
are unknown, these parameters are determined as a result of
expert conclusions. On their basis, subsequent decisions are
made. It is obvious that if the accuracy of such conclusions is

low, then the effectiveness of the decisions made will be low.
Therefore, it is necessary to carry out point measurements
of the HC concentration in the reference points, and on the
basis of them to carry out the correction of decision-making
processes.

In the period of time preceding the accident, it is neces-
sary to identify the dependence

C=F(P), M

where C — HC concentration, P — vector of parameters and
factors.
In this case, P has the following structure:

P=(x4,Yy 20,t,%,4,2,t, M,W,D,T,V,R,U), 2)

where (x,,¥,,2,,¢,) — the coordinates of the point and time
of the accident, (x,y,z,t) — the coordinates of the point at
which the HC concentration is determined, and the appro-
priate time; other parameters of the accident are given by
constants.

Another aspect of the problem of predicting the propa-
gation of atmospheric chemical waste in the atmosphere is
the probability of multiple exceeding the maximum allow-
able concentration of atmospheric chemical agents. In this
regard, it is advisable to take into account the general provi-
sions of the theory of catastrophes [19]. The dynamics of the
corresponding process is shown in Fig. 1.

HC concentration

*

t
Fig. 1. Dynamics of HC atmospheric concentration

In Fig. 1, points are a number of events occurring during
the propagation of atmospheric chemical explosives in the
atmosphere. Event A — HC concentration has reached a dan-
gerous level and it is necessary to take measures to reduce
it. Event B — the point preceding the catastrophe, since at
the moment of time ¢, the catastrophe, in most cases, can’t
be stopped due to the inertia of the process of increasing
the HC concentration. Event C — a catastrophe point, after
which the increase in the concentration of a substance takes
the form of a quadratic or exponential dependence.

When creating the database, it is necessary to take into
account the fact that the processes at the sites (0,¢,), (¢,,¢;),
(tp.t.), (t,,-..), are diffused. Taking into account the charac-
teristics and experience of experts, allow for the implemen-
tation of control actions to prevent disasters.

The existing methods for determining the calculation of
HC propagation areas make it possible to calculate the size
and area of the contamination area, the time of approach of a
cloud of contaminated air to a specific object, the time of the
impact and possible losses.

Another problem is the change in the nature of the
weather conditions in the area of HC propagation (Fig. 2).
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Fig. 2. HC contaminated area

Mathematical modeling of the HC propagation process-
es in the atmosphere is based on taking into account such
characteristics as the parameters of emission sources, wind
direction and speed at the time of emission, the nature of the
terrain and the terrain development.

The process of propagation of emissions in the atmo-
sphere occurs due to the advent of HC propagation by the air
mass and diffusion caused by both the HC physical proper-
ties and air mass turbulence. Observation of the cloud shows
that at first the cloud at the exit from the source is picked up
by air masses at a certain height with its gradual expansion
when moving away from the source as a result of small-scale
turbulence flows. Then, gradually increasing, the ejection
cloud disintegrates into isolated vortex formations that are
transported long distances from the source. Gaseous poisons
that enter the atmosphere can interfere with each other in
photochemical reactions.

4. 1. Synthesis of a geo-model for the determination of
hazardous areas when HC emissions into the atmosphere

The basis of the developed technology for the synthesis
of a geo-model of pollution of the surface layer of the atmo-
sphere by HC emissions is based on a mathematical model of
the dispersion of pollutants in the atmosphere [20].

Fig. 3. Representation of the model of the HC torch emission
in space
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Fig. 4. Representation of the model of the HC torch emission
on the plane
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This model contains information on the surface
source of HC emissions, which is presented as a round
hole with a 20-30 minute leakage averaging. In this
case, the HC maximum concentration Cy; (mg/m?) is
reached at a distance X, (m) from the source and is
determined by the formula:

o = AMFmnn 3)
M HRVAT

where A — the coefficient of temperature strati-
fication of the atmosphere; M (g/s) — the mass of
HC flowing in a unit of time; F — dimensionless
coefficient, taking into account the rate of HC sed-
imentation in atmospheric air; m and n — HC leak-
age coefficients: H(m) — the height of the emission
source above surface level, for terrestrial sources H=2 m;
n — the dimensionless coefficient of influence of the
terrain; AT (°C) — the difference between the OHV HC
emission temperature T and the atmospheric air tempera-
ture Ty; Vi(m3/s) — HC volume entering the atmospheric
air for 1 sec. The values of the individual coefficients are
calculated using the formulas and tables given in [1].
In the absence of wind and a value of n=1, the character
of the spatial propagation of the concentration of a certain
HC type is illustrated in Fig. 5.

Fig. 5. The propagation of HC concentrations in the surface
layer of the atmosphere

In the two-dimensional dimension, such a character of
the HC concentration, in the surface layer of the atmosphere
under the condition of the absence of wind and on flat ter-
rain without buildings and forest plantations with a height
difference of up to 50 m per 1 km.

In the synthesis of a mathematical model [20], it is necessary
to take into account the parameters of factors that influence the
patterns of HC propagation in atmospheric air, namely: the
nature of the relief, features of terrain development, direction
and speed of surface wind. At the same time, the spatial prop-
agation of the HC concentration will differ significantly from
concentric circles, and will have the shape of an emission torch.

The direction of the torch axis depends on the wind di-
rection, and the propagation of OHV concentrations along
and across the axis depends on its speed.

The initial data, the direction and speed of the wind, are
determined from the data of long-term observations at mete-
orological stations, which are common in the corresponding
terrain.

4. 2. Technique for predicting the concentration of
hazardous chemicals in the post-accident period based on
evolutionary modeling methods

The above circumstances determine the necessity to de-
velop a special method of calculation, based on the Gaussian



model, the concentration of atmospheric chemical concentra-
tion in the atmosphere, at certain points of the propagation
area. This technique was developed using evolutionary mod-
eling in the form of directional optimization.

The method of directed optimization is based on the
idea of optimizing the process of randomly searching for the
optimal solution using evolutionary algorithms. These algo-
rithms are a composition of several techniques: elements of
evolutionary strategies, a method for analyzing hierarchies,
and elements of the theory of fuzzy sets.

The developed technique implements the solution of the
next search task.

max f(X), )

where X =(x,,%,,..,x,), @ — some hyper-parallelepiped.

The technique includes the following steps:

Step 1. Determination of the initial number of potential
solutions A and generation of uniformly distributed poten-
tial solutions z;, z;,..., z;. in the space Q

Step 2. Calculation of the function f value in points
Z), 255 25

JE=1@ED 1y =1 (@) fi = F(2) (6)

Step 3. Rationing the value f by checking the condi-
tion fe[0;1],

A
S et
i=1

Step 4. Formation of the matrix of Saaty pairwise com-
parisons S: among the normalized values of the function,
finding the minimum value /}, of the segment[0;1] decom-
position into 10 intervals: [0;0,1), [0,1;0,2),...,[0,9;1]. Then
for all values of the function he{1,2,...,A},, if

[ e[0,1k0,1+0,1k) and £ e[0,15,0,1+0,10),

where k,/€{0,1,..,9}, then Sy = [ —k+1. Other elements of
the matrix S are calculated by the formula:

Step 5. Calculation of the eigenvalues of the matrix S,

and for the maximum eigenvalue a,, finding the vector by
the formula:
0= (6)

; :
Sy Sy ot Sy

The value w; indicates the degree of optimality (qua-
si-optimality) of the potential solution 2.
Step 6. Generation of “descendants” and the formation of

a new population of potential solutions. In accordance with
the evolutionary strategy, in this case, the formula is used:

27 =2 +EN(O,), j=1u, (7)

where &(N(0,1)) — normally distributed random variable
with zero mean and unit variance; 1 — the number of “de-
scendants” of one “parent”. In practice, it is advisable to take
w=7A.

Step 7. Calculation of the optimality degree w; of po-
tential solutions 2 for the study of the region Q, in order
to determine the largest possible number of points of HC
atmospheric propagation area.

Step 8. Determination of the number of descendants
depending on the optimality of the obtained solution. The
number of descendants N(z{) depends on the area degree
Q and the given accuracy of the potential solution ¢. For the
case when Q is the segment

N(z))=g(L([a.b])),

where L(*) - the segment length. Determination of the
valuep; is made in a heuristic way, based on expert conclu-
sions. At the first stage it is rational to assume that w;=p
Viel{,2,.., A}

Step 9. Determination of the dispersion value for each
solution obtained at the previous steps. The dispersion value
G? will depend on L([a,b]) and ¢, as well as on the distance
to the nearest neighboring solutions.

Step 10. Finding d(2,2,), d(z},z;) — the distance to
the nearest left (point a) and right (point b) of adjacent
solutions. Wherein

d,.. =max{d(z},z,),d(z},z,)},

max

then, according to the 3-sigma rule o, =%dmax,

9973 points

out of 10,000 when generating will belong to the interval
(x7-30,,x;+30)).

Step 11. Determination, on the basis of the obtained
values of the function f, and also on the values f, f;,..., f,
to find A of the optimal solutions z*', z5",..., 2™ and go to
step 1.

The result of applying the technique described above
is obtained when performing some e-th iteration, when the
value ma_x|fl. —f].|, i,j=1,A isless than some predetermined
value §%0. In this case rrzzjtx|zj —zf|<8. Then the value z}

corresponding to f=max f{ will be the solution of the
J

problem.

The calculated values are used in the environment of a
geoinformation system in the generation of a digital layer
that simulates the area of HC propagation in the atmosphere.

4. 3. Results of a field experiment assessing the HC
propagation in the atmosphere, based on a geo-model,
due to a chemical accident in the area of Bila Tserkva,
Ukraine

Today there are a number of actually functioning geo-
graphic information systems (GIS), implemented in the
framework of the concept of effective management of terri-
torial development (TDM) [21].

Information resources of TDM GIS, in general, include
the following main components:

— software and hardware complex — GIS platform;

— topographic basis;

— base attribute data on GIS objects management;

— subject-oriented thematic cartographic models.

The problem of information support of decisions on
the issues of mitigation and planning of measures for the
prevention of emergency situations associated with the HC
emissions is implemented in the shell of the TDM GIS sub-
ject-oriented subsystem. This system is called the emission



management subsystem (EMS). EMS in practice is used not
only to monitor HC air emissions in emergency situations,
but also to inventory emission sources of all industrial enter-
prises in a certain area.

The composition of the subject-oriented thematic
cartographic models of the EMS subsystem for each po-
tentially hazardous enterprise includes the geo-model of
the HC pollution in the event of their likely release in the
absence of wind — calm. Below is an example of a geo-mod-
el (Fig. 6).

In emergency situations related to YC emissions into
the atmosphere, decisions on emergency response should be
taken with significant time limits for analyzing the course
of events. When planning measures for the prevention of
emergency situations with the specified consequences, there
are no critical time constraints.

Therefore, in the first case, for each potentially hazard-
ous object, it is advisable to have a pre-calculated geo-model
of contaminated areas with the most likely parameters of
meteorological conditions.

For this it is necessary to use the results of the analy-
sis of data on the repeatability (%) of wind directions by
points and their average monthly speeds — Fig. 6 for the
area where the corresponding potentially dangerous object
is located.

As evidenced by the analysis of data in Fig. 6, for the
area considered in the previous example, Bila Tserkva, four
characteristic wind speeds can be distinguished, namely:
3.75; 3.5; 3.0; 2.5 m/s. Each of them has the corresponding
characteristics of the torch ejection, which is considered in a
rectangular three-dimensional space XYZ. The center of co-
ordinates is located in the center of the emission source, the
X axis coincides with the rumba of the wind, the Z axis is the

IC100°E
1

vertical of the XOY plane — Fig. 7. The HC concentration at
an arbitrary point of the torch area is calculated according to
the formulas given in [20], taking into account the features
of the terrain.

AY
T 1000 m

3.75

25 3.5

3.0

Ch (wind direction)

Fig. 7. Projection of the PC torch emission on the plane,
calculated on the basis of the directed optimization method

Cmax (mg/m?) concentration Cyy, at a distance x from
the source of emission at a given wind speed along the
torch axis.

Usually, the calculation of HC concentrations in the ejec-
tion torch area is performed with incremental increments of
elevations along the X axis. For example, at a distance of
500 m every 100 m, and then after 500 m or more.

The calculation of HC concentrations in the directions
of the Y and Z axes is relative to the distance from the torch
axis. In this case, Cpax (mg,/m?) of the HC concentration at a
distance x from the source of emission at a given wind speed
along the torch axis.
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6. Geo-model of probable HC pollution (neighborhood of Bila Tserkva, Ukraine) in the case of emissions from PHO



To determine the effectiveness of the developed method-
ology using a geo-model, a comparative analysis is performed
with the calculated results using other methods. At the same
time, specific values obtained for a series of Freon-12 emis-
sions from a tank at the PHO in the vicinity of Bila Tserkva,
Ukraine were taken as a basis:

— emission volume of 2000 m? or volumetric emission
rate of 4.3 m3/s;

— proportion of Freon in the gas mixture — 31 %;

—wind speed — 2.1 m/s;

— atmosphere stability E/F.

— total duration of the emission — about 400 s.

In the course of the accident, about two dozen of salvo emis-
sions of Freon-12 gas, both pure and diluted with air, occurred.
After the ejection, the cloud of gas had the shape of a cylinder,
the volume of which was about 2000 m?. The main characteris-
tics of each series of HC emissions and the dispersion conditions
are as follows: the average content in the atmosphere of Freon
is 12-24 %, while the value of Freon-12 concentration in the
atmosphere along the wind axis is given in Table 1.

To determine the HC concentration in the post-acci-
dent period, the initial data are the results of analytical
calculations, adjusted for expert opinions. When building
the geo-model, the data obtained from 64 expert opinions
and simulation results using different values of the initial
volume of Freon-12, the percent of its dilution, wind speed
and atmosphere stability, reduced to numerical form, are
used. The experiment also assumed that, up to 500 m from
the source of the accident, the environmental conditions
coincided with the conditions at PHO, and after 500 m —
building and plantings are taken into account.

Table 1

The results of the experiment to determine the Freon-12
concentration in the atmosphere during an accident at a PHO
in the neighborhood of Bila Tserkva

100 150 180 220
1,35 0,8 0,6 0,45

350
0,28

500
0,14

X, m 70
C, %) | 31

Table 2 shows the values of Freon-12 concentration in
three control points (Avg) of the accident area.

Results of modeling the HC concentration at various points in the accident area

relative accuracy is 1.7 %, and for the points located beyond
the 500 m line, the accuracy is 3.6 %.

6. Discussion of the results of the conducted research on
the peculiarities of the process of determining the HC
concentration in the atmosphere

The proposed integrated approach to the modeling of
processes associated with the HC propagation in the atmo-
sphere has an important distinguishing feature. It consists
in the fact that this approach combines geoinformation
technologies, means of expert analysis and mathematical
software, improved by applying methods of directional op-
timization.

The usefulness of the theoretical results is increasing the
effectiveness of decisions made to prevent emergencies and
overcome their consequences by reducing the uncertainty
level in determining the current state of the HC propagation
processes in the atmosphere. For example, as a result of the
hypothetical HC release at the PHO “JSC “Fortetsia”” with
damage to the Freon tank (Bila Tserkva, Ukraine), specify-
ing the dangerous HC concentration zone would save time
and financial resources when evacuating the population
from the accident zone. This effect is achieved by taking
into account a large number of heterogeneous factors that
determine the dynamics of the considered process, and the
possibility of clarifying the boundaries of HC dangerous
concentration zones.

The advantage of the obtained results over the known
solutions consists in the complex use of adequate mathemati-
cal apparatus and geoinformation technologies. The method-
ical tools used in practice use either a purely analytical ap-
proach or only geoinformation technologies. In the first case,
there is a problem of dimension and heterogeneity, and in
the second, an approximate representation of the HC prop-
agation area in the form of a set of simple geometric figures.

The implementation of a geo-model for a scenario exam-
ple makes it possible to obtain predicted values with an av-
erage relative deviation of 2.2—-6.3 %, which is a significantly
better result compared to those obtained using other meth-
odological tools (Gaussian model, Toxi-3 methodology). ).

The disadvantage of the approach is that
for its implementation it is necessary to
have a well-developed structure of stations

Table 2

— .. for ground-based monitoring of the state of
Concentration, % Calculation time .
- the atmosphere at the locations of numerous
Neighbor- Targeted Targeted | pyOg which requires significant financial
hood of Bila| Gaussian | Toxi-3 o tilfization Gaussian | Toxi-3 optimi- ’ q 8

Tserkva model | technique P hni model | technique | zation COStS. .
max | Ave technique technique In the future, on the basis of the pro-
2 1 95 2 3 971 posed approach, it is planned to develop a
5 S M 78 804 19 36 134 unlversal. software environment .that allows
T Tos 5 T 059 the creation of appropriate decision support
. : J . systems. However, for the application of the

The simulation was performed using the Gaussian model
in combination with the algorithms of directional evolu-
tionary modeling. Analysis of the results shows that the
prediction accuracy is (average relative error) 3.4 %. In the
simulation, the conclusions of five experts on 54 variants of
the accident parameters are used.

At the control points located at a distance of 100, 150,
350 m from the center of the accident at PHO, the average

developed technology in the tasks of pre-
dicting the concentration of not only Freon-12, but also
other HC types, as well as their mixtures, it is necessary
to conduct additional studies in the direction of taking
into account the physicochemical characteristics of these
substances, as well as the effects arising from their mix-
ing. The latter circumstance is due to the existence of a
number of problems that have not been solved at this stage
and are not directly related to information technology.



7. Conclusions

1. Improvement of mathematical tools for calculating
the HC concentration in the atmosphere makes it possible
to create a special technique that, unlike the existing ones,
combines classical tools (Gaussian model) and methods of
directional optimization (using elements of evolutionary
strategies, methods of analyzing hierarchies and elements
of fuzzy theory sets). The advantage of this technique is ob-
taining data on the HC concentration in many points of their
propagation. The correlation of these data with the values of
the maximum allowable concentration makes it possible to
clarify the boundaries of the area of HC propagation.

2. By combining analytical methods with geoinforma-
tion technologies, a geo-model is developed to implement
information support technology for planning solutions
for coping with the consequences of emergency situations
involving HC in the atmosphere. This model is a complex

of cartographic and analytical modeling tools, which is
characterized by the use of a database of attributive data
on sources and meteorological conditions at the time of
release, as well as the use of software services of geoinfor-
mation systems.

3. The efficiency of using the methodology for calculating
the HC concentration in the atmosphere using a geo-model is
evaluated by comparing the calculation results based on the
classical, Gaussian model, and the standard Toxi-3 method.
The results of the field experiment show that the developed
methodological tools provide, in comparison with the clas-
sical, greater accuracy of calculations. In particular, the
average relative error in determining the HC concentration
in the entire accident zone is 3.4 %. At the same time, at the
control points located at a distance of 100, 150, 350 m from
the center of the accident, the average relative accuracy is
provided at the level of 1.7 %, and for the points located be-
yond the line at 500 m — at the level of 3.6 %.
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