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Abstract

On the basis of the known theoretical developments, a sufficiently simple model of local scale has been
built and software-supported, which uses as the input information the normative databases on industrial
sources and accessible climatic information. Bibliographic sources and general principles of model construction
are considered, and the calculation results are compared with data of experimental studies of some industrial

objects and cities of the Kemerovo Region.

INTRODUCTION

When substantiating the system of ecologi-
cal monitoring in [1], it is underlined that it is
based on observations which (as far as the at-
mosphere is concerned) include both the at-
mospheric pollution (AP) and the main cause
of pollution — emissions of pollutants of in-
dustrial sources into the atmosphere. Observa-
tion of AP is carried out by a rather sparse
network of stationary posts in large industrial
cities on an insignificant part of pollutants (5—
20 ingredients). Observations of industrial emis-
sions into the atmosphere are represented by
the inventory data. The inventory is imple-
mented mainly using balance calculations uni-
form for all branches of industry. The calcula-
tions are carried out under the control of en-
vironmental authorities.

Besides, the most important components of
monitoring are calculations of atmosphere pol-
lution by the emission parameters. Indeed, it is
possible to forecast the AP level for planning
the industrial development only by means of
calculation methods. In the general case, in-

strumental observations of pollutant concen-
trations cannot estimate the contribution of a
concrete atmosphere pollution source (APS) to
the total measured amount, which is necessary
for establishing the standards for permissible
emission rates (PER) and counting the emis-
sion fee. That is why modeling is necessary both
for perspective and for the current period. There
are various models [2, 3], but (for the sake of
uniformity and comparability), for regulatory
applications (designing works and PER estima-
tion), in Russia a unified model [4] for calcula-
tion of maximal short-term (averaged for a
20-minute interval) ground-level concentrations
arising under the conditions of atmospheric
diffusion (unfavorable but rather frequent) and
characteristic of the given territory has been
established. The model is built on the basis of
a numerical solution of a stationary semiem-
pirical turbulent diffusion equation with sub-
sequent analytical approximation of the re-
sults for various types of sources. The pro-
grams that realize [4] for computers are ap-
proved for regulatory calculations only after a
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special testing and coordination with Nature
Resources Ministry at the federal level [5].

A considerable part of all pollutants is made
up of particulate matter having a sedimenta-
tion effect on the ground surface. Lately, when
carrying out ecological expertise of some
projects, problems of differential and integral
estimation of the amount of emitted pollu-
tants (EP) falling out from the atmosphere onto
the given territory during rather long time
periods (a season, a year etc.) have been raised.
For example, in the Kemerovo Region, such
problems arise when estimating the wash-out
of atmospheric pollutants in the reservoir be-
ing designed on the Tom’ river, the deposi-
tion of industrial pollutants of coal mining
industry onto agricultural lands etc.

In the present work, a model for calcula-
tion of EP deposition and attempts to apply it
for solution of practical tasks are presented.
The model has been implemented as an addi-
tional utility of a software complex ERA which
has been approved as corresponding to the
model [4] and fit for using it in regulatory ap-
plications (for more details, see www.logos-
plus.ru). This permits using the standardized
databases accumulated in ERA, a finished-off
user interface, and all the textual and graphi-
cal capacities of the complex on presenting
the output information (including that cover-
ing on digital maps and raster substructure).

MODEL OF DEPOSITION OF CONTAMINANTS
ON THE GROUND SURFACE

General principles of model construction

For quantitative estimation of deposition
of particulate matter emitted out of industri-
al sources onto a given territory, a model based
on the procedure [6] issued by the Institute
«Atmosphere» (Ministry of Natural Resources
of Russia, St. Petersburg) has been developed
and realized in software-supported manner.
The procedure is based on works [7—9] and
permits estimating the mean annual ground-
level concentration, the wet flow of EP on the
ground surface P, (removal), dry flow (deposi-
tion) P4 and the full flow P which represents
the sum of the two mentioned above compo-
nents (P = P,, + Py), by the data on the pa-

rameters of the sources, on the fraction com-
position of the emitted pollutants and on the
climatic meteorological parameters of the ter-
ritory.

Calculation of the mean annual wet flow
P, g/m? per year, of pollutants emitted by a
single point APS onto the ground surface at
the given point is carried out by the formula:
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where b is the relative contribution of mixed
atmospheric precipitation to their total amount;
M is the mass of particulate matter emitted by
the source into the atmosphere during a year,
g/year; u is the mean annual wind speed in
the diffusion layer, m/s; L, is the recurrence
of the given wind direction for the circular
wind rose; a is the empirical correction factor
for the difference in the intensity of removal
by liquid (rain) and solid (snow) precipitation;
L,, L, are the recurrence of the wind direc-
tion of the given point for the summer and
the winter wind rose, respectively; ¢, t
are the relative (in parts of the year) period
of liquid and solid precipitation; K is the
number of particle fractions considered; m; is
the proportion of the total pollutant mass per
the i-th particle fraction; y; is the constant of
wet removal of the i-th particle fraction, s%.

ww

The mean annual dry flow P, g/m? per
year, is estimated as the sum
K
Pd = Z (‘/iwtdw + ‘/istds)qi (2)

i=1
where V,, is the rate of sedimentation of the
i-th particle fraction in winter, m/s; t4, is the
period of snow cover minus the time of pre-
cipitation at this period, s; Vj; is the rate of
sedimentation of the i-th particle fraction onto
the surface free from snow cover, m/s; ty is
the duration of snow cover-free period minus
the time of precipitation, s; g; is the mean
annual ground-level concentration of the i-th
fraction, g/m?.

For calculation of the field of the average
annual concentration g; (function of r, M, m,,
geometrical parameters of APS, temperature
and emission rate, climatic parameters), the
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approach and approximation formulae present-
ed in [6] were used, according to which the
average annual concentration is re-calculated
by the maximal short-term one estimated on
the basis of the regulatory method [4]. For recal-
culation, such parameters as the average annual
wind speed %, the wind rose and the repeata-
bility of the conditions determining the vertical
and the horizontal dispersion in the atmospheric
boundary layer (estimated in [4] by the coeffi-
cient A) are used. The calculation of the average
annual concentration is made separately at each
receptor point of interest, for each fraction of
particles with various sedimentation parameters,
whereupon the results are added to obtain the
total concentration for each APS.

The total flow of pollutants emitted by the
set of APS is defined at each receptor point as
a superposition of contributions of separate
sources which practically may be point, linear
or area. For linear and area APS, integration
with a source length or area step depending on
the distance r is used. The step size is chosen on
condition of not exceeding the calculated er-
ror of 3 %. One has to underline that the soft-

TABLE 1

541

ware-supported realization of the model un-
der consideration envisages using individual
meteorological parameters and wind rose for
each APS, depending on the belonging of the
source to the concrete city.

Relations (1) and (2) show that within the
framework of the assumed model one can easily
estimate the seasonal deposition. In particular,
for calculation of pollutants deposition into the
snow cover (winter period) it is sufficient to
assume t,, = ty, = 0 and to use the total emis-
sion rate M for each source separately only for
the winter period. When calculating the aver-
age winter concentrations g;, one has, natural-
ly, to use only the winter wind rose L, and
the average winter wind speed.

Subdivision of settled contaminants according
to fraction composition

In [6, 7] subdivision of industrial discharges
into 12 fractions according to particle size is con-
sidered. For the first numerical experiments con-
sidered further on, 5 fractions which parameters
are presented in Tables 1 and 2 have been left.

Subdivision of discharges of an industrial city according to fraction composition

Fraction code Size class Aerodynamic Content in fractions, %
diameter, pm : :

aitken aggregations course total
8801 Very small <1 100 96.4 14 41.2
8802 Small 1-10 0 3.6 42.2 25.8
8803 Middle 10-50 0 0 46.1 27
8804 Large 50—-100 0 0 7.3 4.3
8805 Very large >100 0 0 3 1.7
TABLE 2
Parameters of elimination of particles from the atmosphere onto the subjacent surface
Fraction code Constant of wet Rate of deposi- Rate of deposi-  Parameter F Size class

removal, y; (107%, s™!  tion onto the

tion onto the soil, according to

snow, V,,, m/s Vi m/s OND-66
8801 0.01 0.001 0.010 1.0 Very small
8802 0.70 0.007 0.013 1.1 Small
8803 3.83 0.042 0.043 1.5 Middle
8804 4.48 0.151 0.155 3.0 Large
8805 5.00 0.420 0.430 4.8 Very large
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With the exception of small distance from the
source, the main contribution is made by dry
deposition [8] which depends on the average
annual concentration. Within the framework of
the assumed model of calculation of average
annual concentrations, the dependence on sed-
imentation processes is described only by the
parameter F which, (according to [7]), for par-
ticles of 0.1 to 20 pm is equal to 1.0, and for
those of 20 to 50 pm is equal to 1.5. As a result,
5 fractions differing in parameter F remain. Be-
sides, in practice, the fraction composition of
emitted pollutants cannot be estimated not only
as exactly, but is not measurable at all, and
therefore information about it is not available
in standard databases for industrial APS.

Without special additional studies, one can
obtain only approximated expert estimates of
the fraction composition for various source
types, proceeding from the type of industrial
process and depending on the availability in
the APS of particulate control equipment which
separate mainly large and middle-size parti-
cles. That is why for the first experiment with
carrying out practical calculations, subdivision
into fractions was performed using a model of
urban aerosol distribution across fractions uni-
fied for all APS [10], assuming that the aggre-
gated area source (city) would have such a dis-
tribution after mixing the emissions of all the
internal individual sources. Modeling is made
for three regions of particle sizes with differ-
ent mechanisms of origin: Aitken or genera-
tion fraction, accumulation fraction, coarse frac-
tion.

In Table 1, the particle content calculated
according to the class size, and their total con-
tent are presented. The total content deter-
mines the subsequently used fraction composi-
tion of settling pollutant for APS emissions of
an industrial city. Therein, it is assumed that
the volume contribution of three particle types
to the total amount of city aerosol is equal to
11.25, 30.15 and 58.6 %, respectively [11]. The
density of particles of all the fractions is as-
sumed to be the same and equal to 2.16 g/cm?®
[11]. The rates of sedimentation onto the snow
and onto the soil can be calculated by the for-
mulae presented in [7].

For implementation of calculations taking
into account the fraction composition, five pol-

lutants with codes 8801—8805, sedimentation
coefficients according to Table 2, and MPC equal
to 1 mg/m?® were added to the pollutant data-
base of the software complex ERA. The latter
equation permits using all the calculation blocks
of ERA complex for obtaining the average
annual concentration in milligrams per cubic
meter (for regulatory calculations, the results
are expressed in the parts of the Air Quality
Standard for each pollutant) and therefore the
flow of settling particles in grams per square
meter per year (season). After setting new pol-
lutants, an imaginary summation group* of
the indicated substances was formed, which
makes it possible to use the method of differ-
ential calculation of the total concentration
realized in the program ERA and applicable
for summation groups of pollutants with dif-
ferent sedimentation coefficients F according
to [4]. Thereby, the requirement of [6] con-
cerning calculation of settling by separate frac-
tions with subsequent summation is fulfilled
automatically.

The parameters V., and V,, presented in
Table 2 have the dimension of velocity, de-
pend on the size and density of particles and
on the roughness of the ground surface (snow
is considered as a surface with low roughness,
and soil as having a moderate one). The sedi-
mentation rates have been obtained on the basis
of empirical formulae and presented in [7] as
tables for 12 fractions with more detailed sub-
division of particles with respect to size. In the
data of Table 2, the 12 fractions from [7] are
united into 5 fractions used for subsequent cal-
culations, with averaging the parameters V,,
V., and y,. It is noteworthy that the independ-
ence of sedimentation rates of spatial coordi-
nates presupposes uniformity of the ground
surface, which may become a cause of error
in modeling deposition in a concrete point.

Possibilities of the model

All the above mentioned calculated schemes
have been realized in software-supported way

*According to Russian Sanitary Law some pollutants
with unidirectional harmful influence form summation
groups that must be combined as a single pollutant for
air quality estimates.
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in the ERA software complex. This permits car-
rying out practical calculations using standardi-
zed databases both for separate industrial ob-
jects and for any combinations thereof (city,
region etc.) up to a task scale of 100 km. Calcu-
lation zones are preset on the plane in Carte-
sian coordinates and may represent a rectang-
le, an arbitrarily outlined (singly or multiply
connected) region, a line (or a set of lines) of
arbitrary form, or a set of fixed points. All the
zones may be set graphically on a digital map
of the territory. The rectangle, region or line
are automatically covered with a net of a pre-
set regular step. Besides, all the inflection points
for the line and the region borders are consi-
dered as calculated. The number of calculated
points and sources is practically unlimited and
is determined by the computer parameters.

For calculation of pollutants settling onto
the surface, the function of automated subdi-
vision of summed amount of particulate mass
emitted from industrial sources according to
their fraction composition depending on the
number of fractions preset by the user and
the contribution of the given fraction to the
total emission (see Table 1) is incorporated into
the software. This permits getting rid of a large
number of data handling and additional cal-
culations when solving practical tasks where
the number of sources is counted by the hun-
dred. There may be any number of fractions,
but in the examples shown herein below it is 5.
The program previews a linear smoothing of
the 8-point wind rose.

ESTIMATION OF APPLICABILITY OF THE MODEL
TO REAL PROBLEMS

A natural stage in estimation of applicability
of the model is a comparison of the modeling
results with observation data. The most acces-
sible are the results of analysis of snow samp-
les with respect to the content of separate pol-
lutants or the sum of suspended particles. There-
in, it is necessary to have information about
APS parameters and about emission rates of
controlled pollutants from those industrial ob-
jects which influence zones include the control
points. Below, three examples are considered
for the Kemerovo Region for which both in-

formation about the emission rates and data
of snow analysis are available.

Zinc salts’ content in the snow
in the vicinities of Belovo

In [12], data of analysis of the snow cover
carried out by the Institute of Soil Science
and Agrochemistry, SB RAS, in 1987—-1988 for
the purpose of estimating the amount of zinc
accumulated in snow in the vicinities of the
Belovo Zinc Plant are presented. APS param-
eters and discharge values for the zinc plant
were borrowed from a summarized project
of PER standards for Belovo (Kemerovo Re-
gion) which corresponded to 1999. It is note-
worthy that in APS inventory data for Be-
lovo, zinc salts’ emissions from other enter-
prises are not available. This means that the
ratio of enterprises” emission to Air Quality
Standard of zinc salts is no more than 0.05.
Since this ratio for the sum emission of APS
of the zinc plant is more than 10, the emis-
sions of the rest of sources make up less than
1 % and do not influence considerably the
contamination of the territory under study.
The types, altitude and location of APS have
not undergone any radical changes during this
time. The authors have no data on the total
production by the plant in 1988 and 1999;
nevertheless, one may say that all the sources
of the technological line that has not changed
make their contributions proportionally to the
power of the plant. That is why one may
expect that comparison of measurements and
calculations will result in obtaining something
like curves of dependence of precipitation
on the distance from the plant, independent-
ly of the annual production of the enter-
prise.

For calculations, the winter wind rose for
the observation period [12] was taken, and uni-
fied values for climatic parameters of the sedi-
mentation model were assumed: u = 4.1 m/s;
tos = 0; tyw =0.17; ty4 =156; tye = 0; a = 1,
b =1, which corresponded only to the winter
period for Belovo [13]. The values of correc-
tions a and b correspond to the case of absence
of any differences in wet removal by solid
and iquid precipitation. The general picture in
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Fig. 1. Calculated estimate of zinc salts’ accumulation in the snow in the vicinities of Belovo (a raster map).

the form of deposition isolines for zinc salts
constructed by the results of calculation on a
rectangle with the size of 10 X 10 km with a
net step of 200 m is shown in Fig. 1.

Here, two directions (northwards and east-
wards) are distinguished for which a compari-
son of calculated values for the winter period
with the data of analysis of the snow cover
borrowed from [12] has been carried out. The
comparison results are presented in Table 3
and in Fig. 2.

The measurements for each of 8 wind di-
rection points were performed at 7 points dis-
tant from the sources at 0.5—10 km. The obser-
vation data are presented in terms of back-

ground concentration which absolute value is
not given. This is the second reason for which
there is no sense to compare the absolute val-
ues presented in Table 3 (the first reason is the
temporal non-coincidence of data on emissions
with on-location observations).

The results of comparison of calculated and
experimental data presented in Table 3 and
Fig. 2 show that the patterns of changes of
zinc salts deposition depending on the distance
from the sources coincide rather well, with
the exception of close distances (below 1 km),
where the model gives a noticeable relative
excess over the data of on-location observa-
tions.
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TABLE 3

Sedimentation of zinc salts in the vicinities of Belovo (measurement and calculation)

Point No. Distance, km Northward direction Eastward direction
Measurement* Calculation, g/m? Measurement*  Calculation, g/m?

1 0.5 281.00 34.95 68.40 9.82
2 1.0 155.00 13.08 49.80 5.03
3 2.0 45.00 4.02 24.80 1.76
4 3.0 16.00 2.07 18.40 1.04
5 5.0 13.00 1.04 1.90 0.56
6 8.0 - 0.60 5.40 0.33
7 10.0 5.80 0.47 4.20 0.26

*Deviation from the background.

Suspended substances’ content in the snow in
the vicinities of Bekovo settlement

For estimation of the influence of indus-
trial cities and coal mining enterprises of the
Kemerovo Region on the pollution of agricul-
tural lands, experimental and calculated esti-
mations of the total dust deposition for the
winter period of 2001 were carried out in the
vicinities of the settlement Bekovo. Analysis
of snow was carried out at 5 control points.
Calculated estimates were obtained on the ba-
sis of standard data of emission into the at-
mosphere and of the values for climatic pa-
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Fig. 2. Change of measured and calculated characteris-
tics of zinc salts deposition depending on the distance
from the sources in the northward (a) and eastward (b)
directions: 1 — measurement, 2 — calculation (x10).

rameters for the winter period in the vicinities
of Belovo.

When making calculations, the cities of the
Kemerovo Region situated far from the settle-
ment Bekovo are represented by aggregated
area sources with the total emission of particu-
late mass. Plausibility of such a comparison for
distances of more than 30—40 km from the
city has been demonstrated in [14]. Calculation
made only for remote cities permits conclud-
ing that the flow of dust particles onto the
territory under study is practically constant and
amounts to approximately 2.7 g/m? for the win-
ter period. This value may be assumed as a
calculated estimate of the constant background
deposition (Table 4) which one has to add to
the results of calculation of pollution from
nearby Industrial objects (Belovo and Guryevsk
cities in the coal mining complex of the Bach-
atsk pit). Results of detailed calculations taking
into account the concrete location and the type
of APS of nearby industrial objects and the
data of snow analysis at 5 control points are
presented in Table 4. Their comparison in the
initial form and after multiplication by the em-
pirical multiplier 0.215 is shown in Fig. 3.

One can see that the calculated estimates
exceed considerably (by about 5 times) the re-
sults of analysis. An exception is only point 1
which is windwards with respect to the com-
plex of enterprises of the Bachatsk pit (the
repeatability of the wind direction from the
sources to the point in the wind rose is mini-
mal). The isolated location of this point in the
graph can most probably be accounted for by
the presence of not taken into account in the
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TABLE 4

Results of analysis of snow samples and model estimates of deposition of suspended substances at control

points for the winter period

Parameter Number of the control point
1 2 3 4 5

Content of dust in the snow sample, mg/1 14.00 19.60 21.00 26.00 18.40
Experimental estimate of deposition onto the snow

for the winter, g/m? 4.10 5.70 6.10 7.60 5.40
Calculated estimate of deposition onto the snow

for the winter, g/m?> 3.98 23.62 26.79 31.81 23.01
Calculated estimate of the background for the winter, g/m? 2.7 2.7 2.7 2.7 2.7
Sum of calculated values for the winter, g/m? 6.68 26.32 29.49 3451 25.71
Experiment/calculation result ratio 0.595 0.217 0.202 0.220 0.219

calculation but really existing sources of par-
ticulate matter. Nevertheless, the total (with
the exception of point 1) course of measured
and calculated values coincides rather well. This
gives a certain assurance that the main factors
and the initial values determining the process-
es of dust deposition onto the surface are de-
tected by the model plausibly and after an
appropriate (see Fig. 3) calibration the model
may become applicable both for estimation of
the total fallout of dust emissions onto the sur-
face and for finding the main factors and cul-
prits of pollution. The causes of considerable
discrepancy between the calculated and meas-
ured values may be faults of the model, inac-
curacy of the initial data (on the sources, me-
teorological parameters, fraction composition
etc.) or measurement errors. Most probably, all
the mentioned causes are present simultane-
ously. To answer more concretely, a detailed
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Fig. 3. Comparison of calculated fallout of dust pollu-
tants for the winter in the settlement Bekovo with the
data of snow analysis at control points prior to and
after the calibration: 1 — measurement, 2 — calculation
(%0.215).

analysis both of data of on-location observa-
tions and of the peculiarities of constructing
the deposition model, as well as the descrip-
tion of interaction with the ground surface
are necessary.

Estimation of dust deposition onto the snow
for Kemerovo

The dispersed composition of atmospher-
ic pollution deposition onto the snow cover
was studied for Kemerovo in winter 1994—
1995 according to the research plan of the
Kemerovo Science Center, SB RAS (M. Yu.
Klimovich). Samples were collected in late
winter before the beginning of the spring
snow thawing on an area of 10 x 10 m? by
separate core samples with the condition of
obtaining a weight of dust particles of no
less than 1 g. When taking samples, the re-
searchers were guided by the RD 52.04.186—
89, Pt. 2, Section 5 “Observations on the Pol-
lution of the Snow Cover”. The dispersed
composition was studied using a set of sieves
with the meshes of 600, 250, 150, 100, 63,
and 44 mm. Fraction of 44—2 mm was ob-
tained by sedimentation, and fraction of 2—
0.2 mm by centrifugation. Fraction weights
were dried in a desiccator at 103 °C and kept
under room conditions for 24 h before being
weighed on scales VLR-200. The temperature
and humidity of the room conditions were
controlled and were found to be stable. The
total dust loads in the sites of sampling in
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Fig. 4. Digital map of Kemerovo with isolines of calculated precipitation of solid particles onto the earth surface.

In black circles, points of snow sampling are numbered.

various districts of Kemerovo amounted to
87, 108, 23, and 129 kg/(km? day). In this
way, according to the experiments, during
the time between the stabilization of the
snow cover and the beginning of the spring
thawing, 11.7, 15.5, 3.1 and 16.3 t of dust
particles per 1 km? respectively, fall out
from the atmosphere in these sites.

In 1997, a joined city design of PER for
stationary atmosphere pollution sources of
Kemerovo was compiled. Standardized data-
bases for pollution sources refer to 1996 and
are compatible with the software complex ERA.
On the basis of these data and of climatic

parameters of Kemerovo [15], calculations of
dust deposition from the set of all the indus-
trial enterprises included in the inventory
(about 1500 sources) were carried out for a
calculated rectangle of 21 x 20 km with a step
of 500 m (Fig. 4) and for 4 sites where snow
analysis was carried out.

In Fig. 5, the measured and calculated dust
loads on snow are presented.

One can see that the data on three points
are consistent quite well with each other. The
considerable difference at point 1 can be prob-
ably accounted for by its location under the
crowns of pines (the Rudnichny pine forest)
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Fig. 5. Comparison of calculated fall-out of dust parti-
cles for the winter contained in the emissions of Ke-
merovo industry with the data of snow analysis. 1 —
measurement, 2 — calculation, 3 — calculation (x0.32).

where a part of deposition is retained on the
surface of coniferous needles.

It is noteworthy that, unlike the two pre-
vious cases, the experimental data on Ke-
merovo contain information about the disper-
sion composition of particles in snow samples.
It is planned to make a comparison of the
measured and calculated values for the dis-
persed composition in further work after an
appropriate updating of the software complex
results output unit and, possibly, after estima-
tion of the individual fraction composition of
dust emissions, at least for the main sources.

CONCLUSION

A rather simple local model for calculation
of long-term (season, year) deposition of par-
ticulate matter of industrial sources onto the
ground surface has been constructed and real-
ized in software-supported manner. The model
is incorporated into a unified regulatory at-
mospheric pollution program, which permits
directly using the standard databases from in-
dustrial projects or designs of permissible emis-
sion rates are accumulated in the regional En-
vironmental Authority. The model makes it
possible to subdivide automatically the total
amount of particle emission with respect to
their fraction composition depending on the
preset number of fractions and the percent-
age of their contribution. The presence of this
possibility and the use of only the available
climatic information make it possible to make
estimation of deposition in the area of any
industrial object or set of objects (included in

the standard bases) in real time and with a
minimum of additional data handling.
Calculated deposition estimates of industri-
al dust emissions have been made for three
sites of the territory of the Kemerovo Region
where the experimental studies of accumula-
tion of suspended substances in the snow cov-
er during winter were carried out. A compari-
son of experimental results with calculated es-
timates is presented, which permits conclud-
ing that the model reflects rather well (for the
given class of problems) the change of quan-
titative deposition indices for the territory un-
der study. In the cases of Belovo and Ke-
merovo, where the data of experiments are
known in absolute values, the comparison dem-
onstrates a noticeable overstating of modeling
results. However, since the causes of the dis-
crepancies may be not only the drawbacks of
the model and errors of the data on discharg-
es, but also measurement errors, in order to
obtain a reliable conclusion on the quality of
the model it is necessary to carry out other
representative experiments on snow analysis
in the regions of large industrial enterprises.
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