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DISPERSION OF POLLUTION FROM AREA SOURCES

1 INTRODUCTION

Various computational procedures may be used to determine the

pollution contribution from area sources.

Three main groups of procedures are identified:

1. Simulation by a large number of point sources (1,2).
2. Calculation by virtual point sources (3,4).

3. Integration of line sources along the wind direction (5,6).

The procedures may be approached in a receptor oriented way

including a narrow plume assumption or a source oriented way.

Experience with the virtual point source approach show that

a large number of sources give unacceptable computor time for a
source oriented approach in a grid system. Further the virtual
point source approach cause difficulties calculating concen-
tration contribution from nearby low level sources (i.e., emission

from car traffic) within the area source.

In this report the effect of different emission height and of
different initial mixing is investigated by integration of the

line source model.

The intention is to improve NILUs multiple source Gaussian model
and to evaluate some assumption made in exposure calculations
for Oslo (7).



2 FORMULAS

Vertical pollution distribution as a result of dispersion from

a line source is often approximated by a Gaussian distribution.

Dispersion formulae:

A I {exp [-% (&t )2] + exp [-%(Z'H)Z]} )

o
V2T u o, o < z

Z

b4 : horizontal coordinate perpendicular to the line
source (m)
z : vertical coordinate (m)

pollution concentration (g/m3)

QAdx: source intensity of a. line source (g/mes)

wind velocity perpendicular to the line source (m/s)

o, = standard deviation in the vertical pollution
distribution (m)
H : effective emission height (m)

Dispersion parameters

For the standard deviation (0,) the follewing function is used:

X*Xo q; 920,1/
6 = b( j 9y = (224 (2.2)
z (©) b
h
OZO : initial mixing

b and q are given values (according to McElroy/Pooler) depending
on stability class (see Table 2.1). McElroy/Poolers dispersion
parameters are developed for low level sources over an urban

area.



Table 2.1: Stabtlity parameters (b and q ref. to equation 2.2)
given for different stability classes.

h=1m MacElroy/Pooler Pasquill
Stability class b q b q
m m

A G . 28 8.96

B 0.08 1.18 0,23 0.85

C 0. 09 1.10 §.21 0.80

D @l 72 0.74 020 0.76

E @76 0.65 @sLE 0;a73

F U7 0559 U EZ 0,67

For a rural area Pasquill's values are recommended.

Plume rise:

The plume rise AH is dependent on emission conditions and
ambient wind velocity. Equation (2.3) describing the effect of
momentum should first be considered. The effect of buoyancy may

be reduced by wake effects, important for low level sources.

VS
AH = 2(<2 - 1.5)D
u
VS
H=h_ +2(% - 1.5)D (2.3)

H :effective stack height (m)
hS:stack height (m)

VS:emission velocity (m/s)

u :horizontal wind velocity (m/s)

D :diameter of the stack (m)

For small sources in an urban area stack height (hs) is equal
to the building height (hB).

When the momentum of the smoke emitted from the stack is large

enough for the plume to escape wake effects of the buildings, the
density difference between the gas and the ambient air may cause
further plume rise. The discussion follows Briggs diffusion esti-

mation for small sources (8).



The smoke will be caught by the wake of the buildings when

v \Y h

= 18D % 0.5 hep o~ € 15 % 0u25 ¢ =

in an urban area will remain elevated. Air pollution episodes

are included in this group.

Tracer studies should be carried out to clarify these conditions.
This becomses particularly important when the relative contri-

butions from car traffic and home heating are considered.

The plume rise jis reduced by wake effects but the pollutants

are not mixed in the wake when

v

S
0.8 hy 92 £ ~1,5) Be 1.5 5

Assumption made in NILUs multiple source models

For area sources it is assumed that part of or all of the
effluents from small sources circulate within the aerodynamic
cavity that forms in the lee of the buildings. In previous calcu-

lations (7) a partial entrainment was assumed in the following way:
=2 h (2.4)

h, : building height

H : effective emission height

In Oslo H is varied between 30 m in the centre of the city and
10 m in the surroundings. It is further assumed that the influ-
ence of the wake causes an initial mixing 0,0°

e ™ B/ 3s15 (2.8)

For emission from ground sources the same initial mixing was

assumed.



Equation (2.1) is integrated to consider an area source with

constant emission intensity QA:

D
[ slexpl-s(E) %] + expl-5(EH) *1ax (2.6)
u V4

Z Z

The pollution concentration close to the ground (CO) is relevant

for exposure calculation.

0
c=/2RA g 2.7

o

= 2
P = | = lexp (=57 ) ]¥Tdx (2.8)
o "z Z
The equation is integrated, using Simpson's method with the
interval (o-D) divided in 20-40 parts. F is shown as a function of

D in Figure 2.la and 2.1b.

Since the contribution from different area sources is additive,
the decay in the concentration at a distance L-D from an area

source with diameter D is found:

Q. L
e 4 - _ 2
CD(L) = =A< L{D 5, expl[-0.5 (Oz) ldx (2.9)

The following assumptions used for the calculations in Oslo are

considered:

a. Area source along the ground in the suburban areas
H=0mo = 4.6 m
20
b. Area sources as a result of home heating in the
suburban area H = 10 m e 4.6 m

c. Area source along the ground in the center of the

town H = 0 m; Ozo =14 m
d. Area source as a result of home heating in the center
of the town H = 30 m; B = 14 m

The parameters describing emission height and initial dispersion

correspond to the values used in the calculations for Oslo (7).



Area source along the ground (car traffic) and above the roof of
the houses (home heating) is shown. Two curves are drawn for
each source. One curve shows the F-values as the area source
extend beyond 2000 m. The second curve shows the increase and

decrease in concentration in an 1000 m wide area source.

In 2.la the F-function is shown for air pollution episodes
(F-stability). In 2.1lb the F-function is shown for normal atmos-

pheric conditions (C-stability).

The figure shows the importance of emission height and further
the relative importance of car traffic emission and of emission

from home heating for the concentration along the ground.

The figure further shows that 0.5-1 km from the edge of the
area source the pollution contribution is about the same whether

it is car traffic or home heating.
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25 .i a: Ground level source (car traffic) Oz¢ = 4.6 my H=10
b: Home heating tn the suburbs Oz = 4.6my B=10m
e: Ground level source in the center 0,9 = 14 m, H =0 /q
] d: Home heating in the center G0 = 14m H=30m ,””

L]
1500 2000 L(m)

o= a: Ground level source (car traffic) Oz = 4.6 my, H = 0
b: Home heating in the suburbs Jzo = 4.6my H=10m
¢: Ground level source in the center G, = 14 my, H =20
d: Home heating in the center Oz = 14 my H=30m
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Figure 2.1: Normalized pollution concentration (F) as a function
of the size of the area source (L). The decay in F
downwind of a 1 km wide area source is shown in the
same figure for each of the area sources.

a) Normalized concentration in pollution episodes (stab. F)
'b) Normalized concentration._for normal condition (stab. C).
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Figure 2.2: Concentration caleulation dowmwind of an area source
CH,D (L-D): concentration dowmwind of an ara source with emission
height H and with D. The concentrations are calculated at a
distance (L-D) from the edge of the area source example:
home heating in small furnaces.
CO D(L—D): concentration downwind of an area source
= close to the ground.

To study the influence of emission height the following formulae
is used:

If 1
(L-D) o dx
R = CO’D _ L=0 92 (x)
1
(@ (L-D) j 1 He 2
H,D { exp (-0.5(=—)“)dx
L-D Oz(x) Oz

The symbols (Co D(L-D) and CH D(L-D)) are explained in Figure 2.2

’ ’
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Using equation 2.2 and h = 1 m for Cz(x) a value x=x' exists where

H

W S T SR
b(x'+Xo)q

R = exp(+0.5 (

The formulae show:

when
Iy = oo R = 1L

Using the smallest value of x':

R < exp(+0.5 ( L )2)
biE-Déx )Y
o)
When:
= q . - (H__,1/q

b (L D+XO) > mH ) Xo (2.15b)
then:

R < R = exp (945) (2.10)

mH m2 -

As a consequence the relative source contribution from equal area
sources at the ground and with emission height H is smaller than
R when the distance L-D from the area source (diameter D) is

mH
larger than the value given by equation (2.11).

1-p = (/e . (E 1/ (2.11)
2.15b

m=1 R, = 1.65

m =2 Rz e el

m = 3 RmH = 1.06

m= 4 RmH = 1.03

In Figure 2.3 the relation given in equation (2.11) is shown for
m = 2 for different stability classes . The figure show that for
normal and good dispersion conditions in the atmosphere, the dis-

tance is a few hundred meters. In air pollution episodes (classes
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Figure 2.3: The relation between emission height H and the distance from
an areasource (L-D) when m = 2 in equation (2.11). The
relation 1s given for different stability classes. When the
distance is larger for a certain emission hetght, the pollution
contribution from an area source close to the ground will be
less than 13% larger than the contribution from an identical
area sources with emission height H.
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E and F) the difference in emission height also have to be con-

sidered for larger distances (1-2 km).

3 THE NORMALIZED CONTRIBUTION FROM AREA SOURCES USING OTHER
TYPES OF DISPERSION MODELS

3.1 Highways

Close to roads General Motors dispersion parameters are

recommended for ground level emission

o, = (a+bx) © (S a1)

Table 3.1: Dispersion parameters (ref. 10).

a b l-c
m
Stabil atmosphere 1.49] 0.15 0.23
Neutral atmosphere 1.14} 0.10 0.03
Unstable atmosphere 1.14) 0.05 | -0.33

Downwind of an area source with size D, the F function may be

integrated:
D

sz ch

O (atbx)

New integration variable

y = a + bx

a+bD

B [ i
(&
a by
p=—1 _ [(a+bD)l_c - al_c] (3.2)
(1-c)b

The F-function is given for different dispersion conditions.
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Figure 3.1: Disperstion function F downwind of an area source as a
function of thewidth of the area source L
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C(L) : the concentration dowmmwind of an area source
with width L.

u : wind speed

B =

Q : area source intensity.
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3.2 Time dependent numerical models

When the x-axes is located along the transporting wind, a simple

one level model may be written

ac
%% = -u %% + 35525— +Q (3.3)

Integrating this equation from the ground level to the height H,
the following equation is considered for the average concentra-

tions:

QU

Ql

2
o

(34)

£t
1t
1
e

%]
|
N
s

m

Hm: Height of integration (mixing).

Considering a guasistationary situation the following equation

may be considered:

¢+ 2 (9.5j

The solution of 3.5 may be written

2
QA»/;u
2

Slw) = (1-exp (- = x)) (3.6)
//:qu H «
™ m
In this boxmodel
2
T U 5 s
F = —HI—n-K-— (l—exp(-— E X)) (3.7)

Corresponding to equation 2.8 the decay in concentration at a

distance (L-D) from an area source with diameter D may be written

K
2 (L-D)

Corresponding to equation 2.8 and 3.2:
2 = B X (L-D)
Ll u

Fp, (L-D) (e I & = " (3.8)
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The turbulent flux (diffusivity K) is assumed to be proportional
to the concentration and parameterized by a factor of proportionality
(k) . This factor, depending on the vertical concentration profile
and on the diffusivity, should vary horizontally. In order to
compare the time dependent model with the previous methods of
dispersion calculations the stationary concentration distribution
is considered.
For'k = L0 > & *a =1 m/s equation 3.7 and 3.8 are given in
Figure 3.2.

QA

u
If x >> = CisEh | - Eﬁm

k should be functions of wind and temperature stratification.

In order to compare the models the relative horizontal veriation in

concentration is considered.
Using equation 2.1 for a Gaussian formulae for a ground level source:

l1de _ 1 _z (3.9)

Using equation 3.5 for the stationary solution of the time

dependent model
lde _ _«k (810

Assuming é to be linear dependent on height (14)

doz K
ax = uo, 0311

According to equations 3.9, 3.10 and 3.11:

K: turbulent diffusion coefficient at the height z = G,
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Using Bussingers equations for the stable surface boundary
layer (l1):

Uy

(0]

Z) .

(0.74+4.7 I -

L : Monin Obukhov's length

ug: friction wind speed

According to Venkatram (12) the following equation applies in
a stable boundary layer:

Y o= u B = AT g

It is seen that «k and the F-function is dependent on vertical
scale of the cloud that is not possible to include in a one
level model.

According to these estimations |k| < 107> s7! in the low wind
situation with inversion.

(ug < 0.1 m/s and Hm > 10 m).
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Figure 3.2: The normalized dispersion function for the stationary solution
of the numerical one level model.

A similar approach is chosen for an urban street model.

Flz) =

ke @ (1-B/B) ,

AC = G fix) g (%)
o
as u =+ 0
ko
AC = Q. E— (1 + H/B)
o}

Using this analogy

k
39 (1 & B/E)
(@]

ll—-'
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k

In the same way as different 59 values are used for different
o

street canyons, different e values are selected for different

KkH

areas.

In street canyons:

k

E9 e [14,20 s/m]
o

In Oslo:

= @ [18, 50 2/l

kH 7
m

%ﬁ = 16 s/m in the center of Oslo
m

%ﬁ = 50 s/m in the suburbs of Oslo
m

A numerical one level model that describes the main characte-
ristics of dispersion over an urban area will tend tu under-
estimate dispersion close to the area source, overestimate

dispersion far from the area source.
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i APPLICATION OF TIME DEPENDENT MODELS FOR CALCULATION OF
EPISODE CONCENTRATIONS IN OSLO

Using the model for calculating daily 502 concentrations for the
period 1.12.70-11.1.71, k was given as a function of the temper-
ature difference between Werrings villa close to Holmenkollen (Tw)

and Fornebu (TF)

& 4w 25
K = a e U b
-3% -1 -1 dT _ Tw - Tf

a = +0.5:10 (350w S dz * 8T,

w-f
_ 1 2.1a=3 -1

e =hodec) & AZ. . = 4.1410° m

w—£

The values were restricted in the following way:
g & [=t.8-0,3]L0 s -

For the first episod calculations in Oslo k = 0. Unreasonable
high concentrations were found specially in the western part of
the area.

For the second set of calculations the following values were

chosen:

o -1

© -1
(100 m)

al = goleng ™

b = 0. 3000 > g1

The values were restricted in the following way:

R T I S 1S T e

By selecting a and b in this way stronger inveksion situations
than actually occurred is considered in the calculation of-
episode concentrations. More careful calculations are needed for

this purpose.
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The values that were used for the initial height of area sources
in Oslo (H), are shown in Figure 4.1. The height of integration
(Hm) is estimated to be two times the height of area sources.

It is seen that the empirical value of the effectivity of vertical
dispersion is larger than the one estimated from the atmosphere
turbulence-in air pollution episodes (see chapter 3).
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FPigure 4.1: Initial height of area sources (H) in Oslo.



5 CONCLUSION

Downwind of an area source, the concentration is dependent on
height of emission. The difference becomes smaller with increasing
distance and increasing turbulence. The effect of emission height
has to be considered when the distance is smaller than a few
hundred meters for normal and good dispersion conditions (the
emission height is less or equal to 30 m). In air pollution
episodes the emission height is important for the concentration
1-2 km from the area source, and the effect should be included

in the grid model (1 km grid distance).

The sensitivity of normalized concentration distribution on
different dispersion parameters may be seen by comparing Figures
2.1, 3.1 and 3.2. The parameterization of vertical dispersion by
a decay factor in a one level model tend to under-estimate dis-
persion close to the area source, over-estimate dispersion far
from the area source according to boundary layer turbulence

theory.

It is difficult to conclude on the applicability of the assump-
tions in the Oslo calculations (7) from the present data.
McElroy- Poolersdispersion parameters are expected to work in
an urban area. Plume rise for area sources in low wind condi-
tions should be considered. Concerning the model applied in air
pollution episodes more work is needed to describe vertical
mixing of pollution from area sources. Measurements of SO

2
indicate that the results may be used as a first approximation.

When the relative pollution contribution from car traffic and
from home heating are considered, the uncertainty should be

underlined.
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