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Abstract - Geographic information systems allow to solve the
complex and multifactorial tasks in creating models of pollution of
the air basin from the pipes of thermal power plants and boiler-
houses. They make it possible to collect and process together table,
textual and cartographic data. GIS analyzes and visualizes the
results of modeling. Automation of information processing and
analysis led to the adoption of effective administrative decisions in
the shortest possible time.
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At the location of power facilities one of the main problems is
the air pollution in the vicinity of thermal power stations and
boiler-houses. So urgent is the problem of estimating the levels
of pollution in the operation and design of these objects and the
objects of urban development. It is important to increase the
quality of design solutions through the use of accurate media
pollution assessment. The problem usually lies in the lack of
precise estimates of the joint action of a large number of
pollution sources, their integration effect. A number of studies
confirm that the normative methodology used in Russia does not
take into account the combined impact of existing pollution
sources in modern cities. This problem has a complex multi-
factor system character, and its distinctive feature is a need to
take into account the territorial (geographical) distribution and
interaction of the sources of pollution.

Therefore, an effective solution can be obtained only through
the use of geoinformation technologies. Geographic information
system (GIS) combines the spatial and attributive databases.
Due to the visibility of spatial analysis GIS provides a
significant effect during the decision making on placement of
industrial and energy facilities, the optimization of transport and
engineering networks, for the conservation and improvement of
the ecological situation around industrial enterprises. Spatial
modeling or geomodelling allows the automation of the process
of decision making in the information systems of the city or the
region due to “play scenarios” of allocation of industrial, energy
and other facilities and consideration of a large number of
alternative project goals and search of optimal variants [1].

In order to take into account a number of factors there are
various methods of spatial analysis and modeling, and they are
constantly evolved and improved. Common for all these
methods is the fact that the properties of the territory are
determined mainly those objects, which are on the territory or
close to it. This rather obvious fact allows us to consider a
technique of definition of the various properties of the territory
by means of calculation and visual cartographic representation
of integral impact of objects on this territory.
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For the determining the properties of an arbitrary point
through the function of spatial influence on this point from the
objects on this territory, it is advisable to use raster and vector
formats spatial data. The spatial position of objects is given in
the structural (vector) format, and the valuation properties of the
territory are in a position (bitmap) format. Such integration is
achieved through the influence function of objects on the basic
sections of the set ¥, covering the territory.

Influence function can be represented analytically or as an
array of numbers setting this feature in a tabular form. For point
and linear objects the influence function is determined by four
variables:

Sy = J(Si, Ry, o), )

where Sj; is the property of the i-th element of W from the
influence of the j-th object; S; - value (weighting factor) of the
property of the object at the point or points of its spatial
position; R; - impact range of the j-th object, i.e. the distance
beyond which the influence of an object can be neglected; r;;and
a; - distance and direction between the i-th point and the j-th
object.

Essentially, the current value of the S; depends on r;; and aij,
as the S; and R; are the parameters of the function f. This feature
is used in a geographical model of spatial influence (SIM). SIM
can be specified in several ways:

1) analytically, i.e. the analytical expression (1) or through
the coordinates of the point of the territory (x, ), namely S; =

Jxy);

2) numerically, the model is described in the form of a table
(matrix) of influence values in the considered points of the
territory. This view is in the processing of information obtained
by direct measurements or the various numerical methods;

3) graphically, as a set of lines of equal level. It is a form of
presentation, in which the spatial information is described on the
plane in the form of borders of the sections, corresponding to
the specific values of influence function. Usually cross-section
is produced with equal step;

4) graphically, as a spatial relief - a form of three-dimensional
presentation.

For example, in the case if the object is a spot, SIM is
presented in the hills or depression.

The developed principles of construction of models of spatial
influence allow to generate the library of the models for their
operational use in getting the properties of the territory as a
combination of models of influence of the objects located on
this territory.
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Each of the forms of presentation of models is suitable for
different forms of analysis of the territory properties. In this
case we consider the task of assessing the pollution of air basin
in the vicinity of the industrial enterprises from point sources
(pipes).

For the decision of ecological problems the most suitable
model of spatial impact, defined by the normal distribution law:
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where o;j, 1 - respectively the mean square deviation and the
value of the mathematical expectation.

The normal distribution law describes the spatial influence in
the most accurate way, due to the large number of poorly
correlated factors. For the formation of models of influence of
point objects equation (2) can be represented in the following
form:
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Theoretically the radius of influence is equal to infinity.
Therefore, the value of R is determined with the size S, in
which the influence of the object can be neglected. Set this
value as

S, VS, @

where v <1 is an admissible part of the maximum value S;.
Substituting formula (4) in expression (3), we get:
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or the value of the radius of influence will be determined as

Iéjm.

In practice the most convenient reference of models of the
spatial influence is carried out with the following
characteristics: S, R;, f, defined analytically or in table. This is
due to the fact that the values S; and R; are the most suitable and
clear for expert assessments interpretation.

The next level of complexity is the models of point objects,
reflecting unbalanced spatial effect. Typical examples of such
influence are the models of the distribution of emissions from
the pipe of thermal power plant with the wind rose; spilling
water from the well with account of the terrain, etc. In these
models, the effect of influence S; depends not only on the
distance from the current point to the territory to the object of
influence, but also from the direction:

Sijzf(rif’afj)’ (5)

where r; is the distance between the i-th point and the j-th
subject, o is the angle between, for example, the positive
direction of the X-axis and the line connecting the i-th point and
j-th object.

Radius of influence (or in this case more exactly — influence
range) of model of such object will depend on the angle of
influence direction

Ri/:fR(OLij)’ ©)

The most difficult are the models reflected the contradictory
(opposite properties) of the factors of influence of objects, the
size of which depends on the distance r; and angle of o;. An
example of this is the extent of pollution of the adjacent territory
around the pipes of boiler-houses: the pollution is small next to
the pipe, the pollution increases far away from the pipe, and
then it gradually decreases. The creation of such kind of
combined models are encouraged by adding the simple models,
reflecting the effect of each of opposing factors or effect of
individual components having different functions of influence

(fig. 2).

Combining model with Simple model with the asymmetric

the symmetric law of influence. law of influence.

Combinative model with asymmetric effects of the law.

Fig. 2. Class of point objects models of spatial influence.
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All the considered models are a three-level hierarchy (see fig.
2) based on the principle "from simple to complex". The
structure serves as the basis for the library of models of the
spatial effects and for the generation of these models by
methods of object-oriented design.

Fig. 3. Integration of spatial influence models.

The resulting assessment relief of the pollution is association
(summation) of spatial influence models of the two (see fig. 3)
or more objects.

Analytical methods of pollution estimate are used for the
preliminary assessment, since they have low accuracy. To
increase the accuracy of calculations it is advisable to use a
tabular method for definition of spatial influence models, using
for this adopted in Russia of "Methods of calculation of
concentrations in the atmospheric air of harmful substances
contained in the emissions of enterprises” [2].

The maximum surface concentration of harmful substances
C, (mg/m®) with the release of the air-gas mixture out of a
single point source with a round mouth is achieved under
adverse meteorological conditions at a distance x,(M) of the
source and is determined by the formula:

AM-F-m-n-d
Ch=——"F77—— (7
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where 4 — coefficient, depending on the temperature

stratification of the atmosphere;

M (g/s) is the mass of harmful substances emitted to the
atmosphere per unit of time;

F is a dimensionless coefficient, taking into account the speed
of sedimentation of harmful substances in the atmospheric air;

m and n — coefficients, taking into account the conditions of
exit of the air-gas mixture out of the mouth of the source;

H (m) — height of the source of release above ground level
(for land-based sources in the calculation shall be equal to 2 m);

d — dimensionless coefficient, taking into account the relief of
terrain. In the case of a smooth or rugged terrain with difference
of heights not exceeding 50 m to 1 km is equal to 1;

AT — the difference between the temperature of discarded air
and the temperature of the ambient air;
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¥, (m’/s) — the consumption of air-gas mixtures, defined by
the formula:

n- D’
V,= y

"W, (3

where D (m) — diameter of the mouth of the source of release;
o (m/s) — is the speed of the gas mixture output from the mouth
of the release source.

We need to know the type of distribution of the concentration
of pollutants in the low layer of the atmosphere from the
emission of all sources of pollution to build a thematic relief of
the pollution of the air basin. The above described technique
was implemented in the form of the original software module
that is integrated in the environment of GIS Arclnfo.

Software module meets the following requirements:

- has an available interface;

- is universal, i.e. gives the possibility to calculate the surface
concentration of various pollutants;

- saves the results of the calculation in a file;

- you can record in a stored image file attribute information
about the source of pollution;

- visually presents the results of simulation in the form of
thematic maps.

We obtained the data on the distribution of pollutants:
nitrogen dioxide, carbon monoxide, soot, benzopyrene for the
quarterly gas-fired boiler houses using this software module. As
a result, it was determined that the concentration of carbon
monoxide and soot emissions from individual boiler-houses on
the order below of maximum permissible concentration, while
the emissions of nitrogen dioxide and benzopyrene had
concentrations of the same order that maximum permissible
concentration.
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Fig.4. Schedule of the spread of pollutions in relative units.

To put all boiler-houses with their unique SIM in one
thematic layer of a map has been used average "reference"
distribution function of a pollutant, as calculated graphics of
distribution of emissions have a similar appearance. On the
basis of this, the SIM in relative units was developed (fig. 4).
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The values of the coefficient of the relative distance of
pollution are postponed on the X-axis on the graph: Kp=x/X,,4,
where x is the current distance; x,,,, - distance to the point of
maximum pollution, which is almost the same for all similar
sources of pollution for the investigated territory.

The values of the coefficient of relative pollution are
postponed on the Y-axis: K3=C/C,,.., where C is the value of the
emissions from the source of pollution; C,,, is the value of the
emissions from the source of maximal contamination in the
area.

The method of calculation is the following:

1. The object with the maximum high emissions is
determined for each pollutant substance;

2. The normalized (standard) model of the spatial distribution
of pollution is built for the selected object;

3. For all other sources a similar model is defined through the
weighting coefficients relative to the reference model.

Thus, the thematic layer is built for each type of pollution.
Then virtual contamination relief of the territory is calculated. In
accordance with this procedure pollution of benzopyrene and
nitrogen dioxide from the boiler plants of the city of Kostroma
(Russia) have been investigated.

The following data for solving the problem of modeling the
properties of urbanized territory were used:

- The map from GIS “Sity”;

- The accounting log of stationary pollution sources and
their characteristics (data from the municipal heat and power
engineering company):

1. the address of an object
place and point of sampling measurement
gas consumption cu. m per hour
coefficient of air excess
sectional area of the pipe
parameters of air-gas mixtures at the exit of the source
volume of air mixture
the amount of harmful emissions from the source.

NI BB

Fig.5. The resulting pollution of nitrogen dioxide from the city gas boiler houses
(m- identification of sources of pollution).

Measurement of the concentration of harmful substances in
emissions of the city boilers are carried out with the help of gas-
analyzers. The special "Methods of calculation of concentrations

in the atmospheric air of harmful substances contained in the
emissions of enterprises” are used to determine the
concentration of the pollution at a distance of X meters from the
source.

Fig. 5 shows the calculated pollution area of nitrogen dioxide.
In the zone A pollution exceeds maximum permissible
concentration (MPC) in 5 times, in the areca B pollution
corresponds to the allowable level (0,85 mg/m’), in the zone C -
in 2 times lower than the permissible limit. Thus, in spite of the
fact that pollution from individual sources of pollution urban air
basin do not exceed the permissible norms, data of spatial
modeling show that, because of their cumulative effect level of
pollution exceeds MPC in several times.

Even more impressive results are obtained on benzopyrene.
Its total concentration exceeded MPC in more than 20 times in
some areas of the city.

CONCLUSIONS

The problem of the pollution of the air basin from a number
of sources has a complex multi-factor, territorial character.
Therefore, an effective solution can be obtained only through
the use of geoinformation technologies. The methodology of
spatial modeling of the pollution of air basin is based on library
of models of spatial impact of the sources of pollution on the
adjacent territory. = The averaged '"reference" distribution
function of the pollutants: nitrogen dioxide, carbon monoxide,
soot, benzopyrene is developed. In assessing the ecological
situation it is necessary to define the cumulative effect of all
sources of pollution.

The law of distribution of the concentration of pollutants
from point source (pipes) can be modeled accurately enough.
Therefore to automate the assessment of the pollution of air
basin it is advisable to use method of a spatial modeling
operating in the functions of the spatial influence of objects.
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Anna Gnatjuk, Boris Staroverov. Termoelektrostaciju un katlumaju emisijas izplatiSasnas procesa telpiska modelésana

Geografiskas informacijas sistémas risina sarezgitas un multifaktorialas problémas, kuras jarada modelgjot gaisa piesarnojumu no termoelektrostaciju un katlu maju
caurulém. Tas lauj, lai ievakt un apstradat tabulas, tekstus un datus par karteém. GIS analiz€ un vizualizé modeléSanas rezultatus. Automatizgta datu apstrade un
analize ir novedusi lidz efektivu administrativo lémumu pielagosanai saméra 1sa laika.

Metode telpiskas gaisa piesarnojuma model€Sanu balstita uz biblioteku modelu telpiskas ietekmes piesarnojuma avotu par piekrastes teritorija.
Iegiita vidgji speciga funkcija piemaisijumu sadale: NO2, CO, kvépi, C20H12. Novertgjot situaciju vides, ir svarigi noteikt kumulativo efektu visiem piesarnojuma
avotiem.

Sadalifjuma likums koncentracijas piemaisijumiem no centrala punktveida avota (caurules), kuru iesp&jams model&t precizi. Tapéc, lai automatiz&tu aprékinu gaisa
piesarnojumam, ir ieteicams izmantot telpisko model&Sanu, kas izmanto telpisko ietekmi objektiem.

Anna I'nariok, bBopuc Craposepos. IlpocTpaHcTBeHHOe MO/Je/IMPOBAHNE NPOLECCOB PACHPOCTPAHEHUSI IMHUCCUI OT TEIJI0IEKTPOCTAHIUI 1 OOMIepHBIX
JA0MOB

Cucremsl reorpaudeckoil HHGOPMAITHU ITO3BOJIOT PEIIaTh CIOXKHBIE U MONU(aKTOPHAIBHBIC 331aUl B CO3IaHUM MOJieNell 3arpsa3HeH s BO3MYIIHOTO OacceiiHa oT
TpyO TEIUIOAIEKTPOCTAHIMI U OoitnepHbIX 1oMOB. OHH HO3BOJIIIOT cOOpaTh U 00paboTaTh TaOINYHEIE, TEKCTOBEIE H KapTorpadudeckue nanusle. 'IC ananusupyer
U BU3YaJIM3UPYET PE3yNIbTaThl MOJICIUPOBaHHs. ABTOMAaTH3alKs 00pabOTKM U aHAIM3a MPHBENA K ajanTanud 3(pEKTUBHBIX aAMUHUCTPATUBHBIX PEIICHUH B caMoe
KOPOTKOE BpeMsl.

Metox NpOCTPaHCTBEHHOTO MOJIEIHPOBAHHSA 3arps3HEHMS BO3JYINIHOTO GacceliHa OCHOBaH Ha OMONMOTEKe MoOJENel NPOCTPAHCTBEHHOTO BIIMSHHSA HMCTOYHHKOB
3arps3HEHHs Ha CMexHbIe TeppuTopuH. [lomydena cpennsis ceputouHas GyHkuust pacnpenenenus npumeceii: NO,, CO, caxu, CyHi,. B oneHnBaHn# 3K010rnuecKoit
CHUTYalll}l Ba)KHO OIPEETUTh KyMYIATHBHEINA 3(()eKT BceX HCTOUHHKOB 3arPsI3HEHUS.

3aKkoH paclpeselieHHs] KOHICHTpallM{ HpHMeceld OT TOYEYHOrO HCTOYHMKA (TpyObI) MOXKET OBITh CMOJENUPOBAH JOCTAaTOYHO TO4HO. CliefoBaTenbHO,
aBTOMATH3UPOBATh PACUET 3arpsA3HEHMs] BO3JYIIHOTO OacceifHa peKOMEHIyeTcsl HCIOJIb30BaTh METOJ IPOCTPAHCTBEHHOIO MOJIEIMPOBAHHs, KOTOPBIA HCHOIb3yeT
()YHKIUIO IPOCTPAHCTBEHHOTO BIUSHHS OOBEKTOB.

78



