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ACTUAL PROBLEMS OF DEVELOPMENT OF AIR
FOLLUTION MODELLING AND ITS INFLUENCE
ON THE ENVIRONMENT

M.E, Berlyand, Main Geophysical Observarory, St Petersburg, Russia,

SUMMARY. The main directions of developing the atmospheric diffusion asd air pollution modelling connecied with its
application are considered. The modelling is based on numerical integration of the wrbulent diffusion equation together with
the cquaticn system which determines plume rise and the structure of atmospheric boundary laver including the spatial
distribution of wind velocity and exchange coefficient. The solution and results of calculating of the concentration ficlds from
different types of single and multiple indusirial and motor ransport sources ave presenied. Increasing the scale of dispersion
acquired the improvement of the model which consisted in sccount of polluianis deposition due to thelr ineraction with the
anderlying surface. The main results of the calculating methods have been confirmed on numerous cxperimental data and
entered into official documents approved by the government services for obligatory use when designing and exploiting

enterprises.
1. INTRODUCTION,

In recent years the methods of atmospheric
diffusion modelling have acquired greater importance and a
leading role in solving the problems of environmental
protection, especially in urban and industrial arcas. Adr
basins of these regions, where the most pan of population
is concentrated, are the important obiccts for application of
the modelling results, Over urban terriiories numerous air
pollution sources are distributed and thelr dimension have a
tendency Lo increase. The impact of these sources on
urban area and on city covirons i3 also incereasing.
Therefore, the problem is to take into account not only
different types of sources but aiso the increase of distances
from them, The last, in is torn, is connected with
accounting for & number of faciors, which may be
neglected when modeliing focal processes. These faciors
include the interaction of pollulants with the underlying
surface and possible transformation of some polluants,

The main directions of model developmoent are
connected also with application of the obiained results.

First of all, they are inlended for cstablishing
maximom permissible emissions for air quality siandards
and other criteria for toxic polluianis influence on the
eavironment (soil, waier, forest).

Solution of modern problems in some important
cases requires accounting for physics and chemisiry of
investigated processes rather completely, as well as the
increase of spatial scale of emission dispersion from their
sources.

The probiems of aimospheric diffusion and air
pollution modelling are described in a sumber of books
and conference procesdings (Pasquill 1974, Newstadt and
Von Dop 1982, Hanna 1952 Renderson 1984, Stern 1985,
Venkatram and Wyngaard 1988, Szepesi 1989, Kretzchmar
et al. 1994 and others),

This presentation concerns maindy the
investigations performed in the Maln Geophysical
Observatory {(MGQO} and almed al accounting for some

factors which are typical for urban and industrial arcas,
The investigations include modelling of pollutant
distribution based on a solution of systems of equations
describing the atmospheric diffusion under different
meteoroiogical and topographical conditions (Rerlyand
108, 1991a, 1994, Berlyand etal, 1984, 19872, b, 1990,
19922},

The main principles of the proposed models have
w do with indegrating this system of the atmospheric
diffusion equation and equations thai delermine the
atmospheric boundary layer JABL) structure including the
spatiat distribution of wind velocity and turbulent
exchange cocfficient.

Due 1 & great number of factors deiermining the
wrbulent diffusion and dispersion conditions {or their
modeiling, numerical methods of solution of eguations
describing these processes, are widely used. Modemn
compuater lechnigues allow more significant and universal
resuils to be oblained compared with different
modifications of the Gaussian models obtained on the
empirical statistical base. However, the application of the
numerical integration results often becomes difficull and
does not allow clear identification of the natpre of
pollutant disiribation or the deiermination of the mile of
separate faciors.

In principle, generalization of nomerical
experimental data creates the same difficulties as treatment
of observations. The diffcrence mainly lies in the fact that
in the former tho initial data can be obtained in much
greater amounts.,  Therefore, {or heoristic aims an
analytical solution of the problem with certain
simplifications may be useful for speeding up and
increasing the generalization efficicncy of calculatipn
results, Thus, for calculating air pollution in the surface
layer il is suitable 1o use the solution of the wrbulent
diffusion eguation lor the case when the change of wind
velocity and the exchange cocfficient with height are
determined by the power law. Such an analytical solution
law was oblained by Berlyand (1963) and used 1o find an
inferpolation relation in the presented resulis of MGO.



2. THE INITIAL EQUATIONS AND
PARAMETERS.
2.1 Atmospheric diffusion equation.

The initial equation of atmospheric wurbulent

diffusion in the Cartesian coordinate system is
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wherg ¢ is pollutant concentration, 1 and w are horizontal
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and vertical components of the motion velocity, k, and ky
are horizonial and vertical componeats of the exchange
cocfficient: o is index of pollutant ransformation; z=0
corresponds o the level of the underlying surface.

The second term in {1) disappears for gases and
fine-particalated pollutants (for which w=0). 1If the
unsiationary term &C/at is added to {i}, for practical
purposes {in the accident case} the cguation may be
integrated over time t and become slationary again, but the

t
concentrations ¢ wili be replaced by the dose D = jOCdt.
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Fie. 1. Vertical profiles of exchange coefficient k, at monotonous changing of temperature 1 with height z (2). ground
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inversion (b} and elevated inversion (o) T -k, 2T,

In the case of uneven ierrain instead of x and z in
(1) flow coordinates 51 ~ 1 and &, ~ \ are used, where @
At

and ¥ are real and imaginary parts of the function of
conformal transformation of the flow domain to a half-
plane.

The initial system of eguations includes also
equations determining the coefficients and parameters
contained in {13 and the boundary conditions.

2.2 The plume rise.

Emissions from smoke stacks and other industrial
sources always possess certain initial speed and often have
emperature exceeding the ambient air,  Therefore we

aceount for initial rise of pollutant ,H or some effective
height Hy = H + 4H. The initai plume rise problem has
been considered in many works., The main ones were

published by Briges (196%), Randerson (1984}, Hendersosr-
Sellers (1887). For determining AH we used a system of

equations of motion and heat transfer destribing jet
propagation in a shear flow (Berfyand, 1982).
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where ¥ is deviation of poliutant temperature from the
ambient iemperature Ty,



The field of vertical velocity w is dotermined by
numerical solution of (2). Then the oblained values w are
substituted into (1) for determining pollulant concentration
c. As a result of comparison of the surface
concentrations, vielded from the solution of this gystem,
with those, oblained from one squation of diffusion (1), for
a source of the fixed height H, the initial plume rise H 18
found in the form
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Here wg and 4,7 ar¢ initial emission velocity {my/s) and

heat excess {in KD, respectively and u is wind velocity

{m/s) at the vane height (10m), R, is slack radius.

Such a method of determining o H gives loss errors than
meithods for determining M, at the height where the plume
axis becomes almost horizontal because the accuracy of
eslimalion steongly depends on the accepiable degree of
AxXis SHepness.

z.3 ABL struciure

For determining wind velocity and exchange

coefficient k,, a system of equations of motion and

turbutent energy balance should be solved, Forthe ABL U
is accepted that
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where w = u +ivand u, v are wind velocity componeats
along the X and Y axes, ©, is vertical component of the
angular speed of the Earth's rotation and Wy i goostrophic
wind velocity.

The solution of the cquation (4} and investigation
of the boundary laver siructure was also considered in a lot
of papers and in many books (Laikhiman {19703},
Zilitinkevich {19703, Monin and Yaglom (1873), Siall
(19893, Garat: {1992)). Many imporiant and inieresting
resulls were obtained, however, the turbidence m the upper
part of the ABL, whose vertical lengih is greater by ap
order than thal of lower part of i, kas been investigated
much less than the surface Jayer (SL}.

The essential limitations of the resulis are olten
connecied with accepied assumptions concerning
atmospheric wrbulence sources. S0 i is supposed that
above the given grounds arca such a source is created only
due to interaction of the almosphere with the underlying
surface. Ag a result itis assumed that K,—0 on the upper
boundary of the ABL, where this interaction disappears. In
reality the ABL wrbuience depends also on permaneat
mixiure of the air volume under consideration with the
ambient air {adjacent to the top and the sides), including
mixing during advective transfer. The ABL model in Fig.
1 and described by formulas

k,=Xh arr<h k, =k, ste>h (5)

where ky, = kyl/z] is average vaiue of k, over 5L {z>h),
sgems 1 be more justified.

By definition, in the 5L, the friction tension T =

du . . 4 .
k., o and heat flow P =k, P apmroximaicty constant.

Using these properties and the general solution of (4) it is
possible w obtain the approximation that at z < h

o=y ®
Vinz, sz,

and
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From the conditions w = Wy it can be shown
determine that the height of the upper boundary of ABL
H,, = 10h and from the solution of the wrbulence cnorgy
gquation — that in the layer (h<z < H)

=k (1 1 7)Y ®)

Here oy 38 Ky ander neutral conditions, Ry is the
Richardson number obtained by averaging the temperature
gradicnt

a ( @T : . .
Eemng| =+ | over the layer (h <z < Hg)
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To find the value ki from (8), a successive
iteration process is used, assuming in the first
approximation on ihe right hand side of (8) the value
K7k, corresponding 10 neutral siratification.

Such calculations show that when the lomperalure
in ABL decreases monolonically (f.e. under neutral and
unstable straiification Hy=1-Zkm and h=100-Z00 m.
Under ground inversions at night even in the cases when
they are rather developed the mosotonic rise of temperatare
with height is restricted to hundreds or tens of metres. In
this cases H, is of erder one hundred or tons of metres and
k,, is much less than under neutral and unstable conditions,
Therefore it follows that ap to larger helghts the exchangs
coefficient docreases considerably from day-time 1o night-
time net only near the ground but also at high levels. In
reality, considering the ABL struclure, the example during
the divraal course in the layer above the surface inversion
the intonse wrbulence with the value ky, close o neutral
conditions ky,, can be preserved. This layer, dotormined by
Stull (1992) as a residual fayer, is hardly investigated at
all. Al the same time an inlerest in it should arise in
moderm investigations of aimospheric diffusion for cases of
high and powerful sources, when emissions from them are
spreading up to heights of 1 km and more. For this
purpose as showa in Fig. b, bosides two layers {z<{H)
and (hez{lq), a third layer {z)idl} should be introduced,

when the upper boundary of the inversion is z=L.



The third layer in ABL is introduced alsc when
within ABL (at Z<H,,) there is an elevated inversion above
the unstable and neutral layer (Fig. 1¢). The solution of
the three-layer problem is performed similarly using (8)
separately for the layers (L) and (L4, H).

3. REGULATORY MODELLING OF AIR
POLLUTION.
3.1 Air pollution from induostrial sources.

YWithin the framework of the above mentioned
works (Berlyand, 1982, Berlyand etal., 1987a) based on
atmospheric d;ffuvon modelling, it de obtained that
short-term {26-30 min) surface concenirations [rom a
single and 2 group of closely located N sources, with
agconnt for the initlal plume rise, may be determined by
the formula.

C= Cm?‘Sli.x/?xM} Sa{lylx) (n
where €, is the maximum conceniration ¢ at the distance
% = Ay along the downwind directed axis x {where y=0)
and at the critical wing velocity u = upg at the vane height
of 10m.

¢ AMFmn [N o
M= 2 WVaT
= MET o (when AT = 0) (10)
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Here M oand V are the total mass and volume of poliutants
emiticd per ume unit from sources with height H, orifice
radius R, velovity of gas escape M, gas overheating
-&T, A=0.3 (A oy), uy=2m/s is defined hy the
characienstics ol vertical {A) and horizontal (.} exchange
where k; and uj are the values of the exchange cosfficient
k. and wind velocity v at the height zy=1m, @, is
dispersion of wind direction [ucinations for the time
interval 20-30 min, for which the concentrations are
estimaled; coefficient F is defined by the poilutant
dbp(}\lﬂ{)ﬁ vc ogity (for light pollutants and gases F=1, for
dust F=1, 5-3}; coefficient 11 determines the influgnce of
the re].wé, for fat terrain 1 = 1; o case of the rough terrain
7 depends on the ratio of the vertical and horizontal
lengths of the terrain obstacle, as well as the source
focation (Berlyand et al (1987a}). The ables and graphs
for determining 7 are presented. For complex terrain with
the height difference b, when H/h, {0.5) and the steepness
of slopes about 10-15", n=2-4, Wiih the increase of
H/h, e 1 decrease and m=1-2 when H/h,=3-5, Under
the same height difference and the terram slope the
nfluence of a hollow is more than that of 2 ridge. The
correction factor of building offect is also similar
introduced {Bertyand et al, 1987h).

For practical use the function
graphs and analylical form. For example the functions 1, p

3, 1, D, 89, §4 are presented in
152

are shown in Fig. 2 and expression s {E) for (1< E<8) is
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Figure 2. Functions 7 =71 (ufups) and p=pl/ipg)

The formulaz (9) and (310) are for calculating the
concentration field [rom a cluster of sources on the hasis of
the superposition principle

From the forms of ihe functions r, p and s; it can be seen
that when wa>uyg wilh increasing u the value r is
decreasing, but the value of p is increasing. The values s,
grow correspondingly. Therefore at the distance xexpg at
certain u#yg, which is found from the condition dcfgu=0,
the concentration reaches some maximum C = Cpey thatis
less than oy,

From general considerations, it foflows that at x/x3y>1 and
al rather large xy when the value x i3 increasing, the value
Uy is decreasing,  The determination of U
considered in more detail by Berlyand et al (1977).

iz

mx

MNow let us consider the relation between ¢y mnd the
stability index, A. With the increasc of & the value ¢y
incroases, but the value Xpg On the conirary decreascs,
hence the values gy are also decreasing. So at the given
X>Xp it 18 possible 10 obtain from the equation de/gh=0
that at some values A=Am  the maximum value c=cyyy is
reached. in this case oy, < o and Apg less than A, that
COrTeSPOnds 10 Cpp At x=xy,. With increase of x the valucs
A decrenses,

Thus at rather large distances from a source the maximum
concentration increases with the decrease of wind velocily
u and stability index A. By this it can be explained why in
cities, when summarising “plume tails” from many
sources, the largest concentrations are observed at



inversion and weak wind, closs 10 calm., However the
maximum value ¢y (10 is reached in unstable conditions.

The values of concentrations {9, {10} are obtained for
conditions where exchange cocfficient k, mcreases with
height according 1o (5} and wind velocity u is changing
with z approximaltely according to logarithmic low (6). Tt
corresponds o comparatively frequenily observed {normal)
meteorological conditions. Besides these, anomalous
dangerous weather conditions {glevaied inversion, calm,
fog and other) are treated separately. They happen rather
infrequently and should be forecast and iaken into
consideration practically in 1-2 percent of the cases
{Berlyand 1991b, Manual of air pollution forecasting,
1993).

3.2 Alr pollution due to motor fransport.

Emissions dus to motor vehicles in city streets
and highways may be represented in the form of line
sources while those from a whole town or its districss with
a branching motor transport net are treated as an area
source.

The essential feature of car emissions is that the
initial plume rise, which is characieristic of the most
industrial sources and which essentially depends on wind
velocity, is not typical for them. The height of these
emissions does not practically depend on wind velocity at
all. In general, a highway may be rogarded as a volame
source of height h, = 2m, covering the highway area. The
important feature of such a line volume source is the
dependence of concentration on the angle § between wind
direction and the source line. The maximum concentration
is reached at B=0, when the wind blows along the source.
With increase in 3, the distance from the source at which
maximum concentrations arc reached increases. For the
case when PB=n/2 (that i3, when the wind blows
perpendicularly to the highway), on the basis of numerical
integration of the system of atmospheric diffusion
equations, according to (Berlyand o al, 1990, 1992a) the
concentraiion ¢, at distance x from a highway of width d,,
is determined by the formula

c. LM e i
© T 4,8(x - do) (800~ f(x - 1] (13)

wherc

f(x) = £n (M + '\/ hzj + ;ﬁx?]

Here M is the mass emission raic from unit length of the
highway, 9(?( - dO) ~1he unit step function.

In Fig. 3 the computed concentrations of CO under
unfavourable meieorelogical conditions from main
roadways on area of 18222 km in St Petersburg arc
shown,

The important feature of emissions due to molor Fansport
is thal some of their main components, nitrogen oxides

and hydrocarbons, in the atmosphere are subjected 1o
photochemical transformation with very toxic oxidants,
such as ozone, forming. To model these processes
Berlyand et al (1992a) presented a numerical solution of,
the atmospheric diffusion eguations and a system of
equations of photochemical reaction, which were used by
Hoffert ¢t al {1975). They oblained results for the ozone
concentration changing with increasing distance x from a
highway in daytime in summer under cloudless conditions
as shown in Fig. 4.

Fig. 3. Maximal concentration of CO (mg/m?“) under
unfavourable metcorciogical conditions from the main
roadways and highways in the area of 19¥22 km3 in SL
Petorsburg.
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Fig. 4. Dependence of ozone concentration q on distance
from a highway in a cloudless day in summer.



4. MEAM AMNNUAL AND SEASONAL

COMCENTRATION.

Mean annual and seasonal concentrations are
determined on the basis of the results for short-time
concentrations eslimated with allowance for probability
density P(¢, u, A} of wind direction ¢ and velocity u as
well as siability index X for the time imterval snder
consideration. On the basis of statistical analysis of the
chservational data according 1o Bcr‘y"md ot al. (1984) Plep,
u, A) = Pl@p () p”(l) where P{g) is probability of wind
direction with angle () determined by the wind rose, and
p'u), §”(A) are probability densities for uand A4 . Hence
in the general case the concentration ¢ averaged for a long
period is determined in the form.

= P(p) ﬂ c(uA) POuyP” () dudh {14
Here

Ty — Oy + usy .E.L.‘_’JMU‘A1 :
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Where oy and G can be defined directly by the mean vaiue
u and variation coefficient v, of wind velocity i the
considered region. For the considered averaging period the
values 1 and vy, are available in climate reference books
both for single season and years as a whole. For example,
for Rudny station in Northern Kazakhstan the average

annual values arc 5;=2.7, 0o=4.0. in the case of a<im/s
{practically, i1 iz calm i the surface layer) in the
cxpression for P{u) it is encugh o accept the moean

velocity & — (.5 m/s and o use instead of p(u) the

freguency of calms F'{u) where P'{u)=dF/du. For the
function p'{u) the gamma-function is used
rg \!51
i
PGy = " (15)
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Within the range of the observed values of oo and u, the
expression (15} approaches the § ~function.

Therefote P7(1) can be approximated by the corresponding
8- function. Substiwting in (143, C from (9) at y=0 we
obtain that

C=8;Ple) Cu iy (16)
wherg
bix
g =T (ﬁw:-’— s _ {u}&‘*}
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Where By and b; arc constants defined by the coeflicient A
and the average value of A is determined m accordance w1th
(10) which are different for cach i-th seasonal pcnoés THED

a considerably high wind velocity observed im the
considered region in less thar 5 percent of the cases.

For determining the mean annual concentrations from (16)
it follows *

c= BP0 Mb: a7)

E

i=1

1
4

HMJ;

For appropriate calculations Berlyand et al. {1984)
proposed the use of the corrclative dependence of mean
annual concentration.

X
! [1-39(32“/%;)?%}

(.50
a, P{or TE {15)

where ay and a; are constants, i is mean annual wind
velocity, Function 1, p, and $y are the same as in (9) for
shori-time conceniration.

DEPOSITION AND
WITH UMDERLYING

5. POLLUTION
IMTERACTION
SURFACE.

When modelling local processes of air pollution,
poltutant reflection from the undedying surfage (z = 0) is
usually assumed as a boundary condition. The interaction
between pollutant and surface produces a flow p =

Ak o . )
h(—\ gt the underlying surface and is defined as dry
deposition of polluanis with deposition velociy vy, Itis
assumed hat

kE],, =veC (19)
The value of Yy is mosily oblained from the ratio P/C
which ig determined from the observed data at different
heights within the interval {rom several io dozens meless.
Tt is assumed also that P maintaing a constant value, and
{19y is taken as a boundary condition. Such an approach is
justified if the initial equations of atmospheric diffusion
relate 10 heighis above the levels of constant P. In otber
cases it can lead to not very accurale resulis, Therefore in
dispersion modelling it is expedient to account for the
influence of dry deposilion in concentration in the surface
fayer by the dependerce on x of the iotal pollutanis flow 1o
the underlying surface

kY

j T Plx.y} dxdy

0 -~

i = , where P{x,yy = ¥,C

According 10 (9) and (12) it follows that



=v2n Po J-X P(x)y . where Plx) = ¥, C | y=0
9

It obtain the expression for P{x) and I {x} as well as for
concentration C the following iteration process is used.
For the first iteration it s assumed thai ¢ = c{i), where
from {9)

O = Oy 8y (&P 20)
This coincides with the formula which is obtained for the

condition of pollutant reflection from the underlying
surface. Then P(U:vd(,‘(n and

nh =Me | &5, @4
143
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where
— T -
E=V2n vy, 3 Fxp)” .5 = X/pry @n
v - 11(1)
and we determine the coeflicient x(i) m—u*ﬁu—“—

According o the i4h iteration

D i) il L1y = Mol
CO-COLG e =M=

() = ME j £8yEyxl-Dag

In practice it is cnough 10 carey out about 3-10 fterations
and then we get for [1=11¢1) approximately

M=1_¢7Ey8 (22)

From the resulis of calculation it also foliows that even
when Vg is rather large, o the distance x=xy,, y=1.

The correction for C is important only {or comparatively
large distance x at § | when it is determined by the
coefficient E (21}, These resubis allow us o increase the
scale of the considered mode! up o several hundred
kilometres and to use it more widely for estimation of air
pollution and its deposition flow onto the underlying
surface. The calculation of mean- annual and mean-
seasonal values of pollutants (ow, 17, is fuifilied similarly
as lar as concentration (14) using p'(e) and p”’(A} which
are the same functions as for the concentraiion .

Similarly, the values of - and p = ffd_C are ohiained by
taking into account the deposidon effect,

It should be noted that 2 part of emissions emized into the
atmosphere in cities is washed out onto the underlying
surface with precipitation; this also increases the toxic load
on the environment.

The total fow Ti(x) due to washing out with precipitation
of pollutants from sources of emission rate M, up 1o the
distance x is dewermined, (Berlyand, 1991g) by

1= M{z —e x””) o3

where vy is 2 parameter that is determingd from the
structure and intensity of precipiation.

&, VERIFICATION OF MODELLIMG
RESULTS

The results of modelling are confirmed on vast
sxperimental dala of more than 40 cxpeditions organized
by MGO in different climatic zones and regions with
different types of soutees {Berlyand 1982, 1991ab, In
regions of heat, power stations with stacks from 206-30m
up 1o 300m in heighi, the diswibutions of concentrations
of 3G,, NO, and ash up 0 the disiances of 20-30 km
were determined.  Near farge aluminium plants, the
digpersion of {luoride emissions exhausied through line
skylights on roofs of the factery buildings swretching 600-
700 m lengih, were investigated, The expeditions were
conducted in the vicinity of chemical entesprises in city
eavitonments and others. During these expeditions,
wogether with measuring poilutanis concentraiions and
their emissions, characteristics of meteorological
conditions were determined. To wverify the theory, the
most complele seis of experimental data rade abroad were
also used. In general the agreement between the results of
modelling and observations was satisfactory. As an
example, the data for heat power stations with stacks of
different height is given in Fig, 5.
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Fig. § Comparison of calculation (1) and experimental data
on the ratio of 80y maximum concentralion io emission
raie {cpy/M) for power plants with stack heights H.



In MGO work, attention was alsc paid 10 experimental
investigation of air pollution from molor Fansport under
unfavourable meterological conditions (Burenin ot al 1979,
Beriyand et al. 1992b). To verily the calenlations the data
of the trace experiment in Detroit (USAY (Cadle et al,
1976} were used ag well. The data obtained confirm the
theoretically established dependence of conceniration on
distance from the highway, wind velocily, wind dirgction
and etc. As an example of the comparison of calculated
and abserved data in ssmmer daytime for the region of
Donsisk city and cn the daia of the Detroit trace
experiment, both for the angle beiween wind velocily and
highway B = 43°, the values of normalized {per uait
crmissions Tate) the conceniration € = ¢/M as depeading on
wind velogity w are shown in Table 1,

Tabie 1
Comparison of computered and measured values € of
normalized (per unit cmission mic) concentration CO.

Dis-
Name of § ance
experi- | from | Dam | Wind velocity g (m/s}

meat a
high-
way
x{m) 0.5 11 2 3 4

exp. 10.2210.1810.1310.0910.06

Donewsk | 50 {comp. | 0.2210.1910,14 10,11 0.10

EXP. 0221019 10,14 0.09
Detroit i5 | comp. 0261023 0.0816.14
7. THE PRACTICAL APPLICATION OF

MODELLING.

The confirmation of model resulis by much
experimental data allows their practical application and the
development of regnlatory standard documenls. An
important example i the Methodics {1987 model for air
potlution calculation, which has been approved on the
governmental lovel. Its application i3 obligatory when
umplementing alr protection measures and esthmating air
pollution,

The calculations for unfavourable weather conditions
mentioned above are usod to plan beter almospheric
prowection easures for the fong term. For the periods of
anomalous dangers, meteorological conditions which are
usaatly short, it is recormended o forecast them and take

e §

measures Tor temporary reduction of emissions, when they
happen. For this purpose the Manual of forecasting air
poliution {1993} is used,

The models Tor the cases of accidental emissions are being
developed separately, Methodics (1991}, One of their main
features are emissions unsiationary in time, Therefore
instend of concentration C at dose D, which is menticned
above, 118 integral, meaned over fime, is introduced. The
Manual {1993} and Methodics (1991} are approved on
government level and are for obligatory use,

The Melhodics (1987) was widely used for esigblishing
maximum permissible emissions (MPE}

By definition, MPE are cstablished for gvery source in
such & way that emissions from it and from neighbouring
multipie sources i towns or residential arcas should not
create & surface concentration € excending the maximam
permissible concentrations (MPC), If these air quality
conditons are Mifilled for short-term {20-30 min)
concenirations, then they will be {ulfifled mostly for mean
annual concentrations too.  Therefore, calculations are
performed mainly for shorl-torm concentrations.

To cstablish MPE [or sources located in an urbas area il
requires performing concentralion calculations praciically
for all clusters of sources in it. I this connection in
recent years calculalions of conceatration ficlds from
multipie sources for the most important single ingredients
have been performed in mors than 500 owns of Russia
and the former USSR, They have made use of the
Methodies of calculation (19877 on the base of which 15
compuier programs were developed. These programs allow
us 16 account for thousands of sources typical for cities and
provide calculations of concentrations of grid points with
pstimation of corrceponding values of critical wind
velocity angd direction and 5o on.

When modelling air pollution in urhan areas, the smallest
sources may be neglected, Some groups of small sources
are united into area and ling sources.  According 10
(Borlyand ot al. 1987, Methodics 1987 the sources for
which M/MPC{g) may be not acsounted for. Here Mis
iotal emission rate (in g/s) and =001, when their mean
source heights H>10m or o=0.1, when H < 10m, Some
criteria for uniting smail similar sources are proposed; they
include their minimum distances 1o the nearest points of
the grid, distances between neighbouring sources and 30
on.

As an example of the above mentioned calcututions of air
poliution in cities connccied with establishing MPE, 8
ficld of maximum short-ierm concenirations under
snfavourable meteorciogical conditions for the Russian
city of Pskov with more than thousands sources are shown
in Fig. 6.

Fig. 3 shown above may be considered as another example
of such calculation, in which the concentration field of CO
from a roadway net over a big arca in St Pelersburg is
presented. This caleulation was performed by Burenin and
Volkodaeva (194) using the same computer program that
was used in Fig. 6.



Fig. 6. Maximum concentralion of §Cy {mgfm”) under wnfavourable meicorological conditions in the city of Pskov.

1.isolines of concentrations, 2-3 streets, 3-highways, 4-river.

The account for poltutant flow onio the uaderlying surface
allows us to arrive at a new approach to establishing
MPE. At present they arc determined by the condition that
the maximum conceatration C=MPC, from which,
according to (10), it follows, in particular, that C is
increasing up to zero when H-see. It gives the possibility
0 increase MPE unlimitedly due to the increase in the
emission height. If, in addition to this, the dependence
(10) and the condition I =Tcr from {23} arc accounted for,
then the obtained value of MPE will not depend on the
emission height.

8. CONCLUSION,

The results of the considered problems confirm
the wide possibilities of modern methods of atmospheric
diffusion and air poliution modeling at present, They
piay an important role in the evaluation of air guality and
pollution: influence on the environment, especially for
solving practical problems of atmospheric protection, such
as establishing maximum permissible emissions from
industrial and motor vehicle sources.
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