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An air pollution model of Zeeland

by

S.L. Sarin

Introduction

An air pollution model is the only useful tool if one wants to calculate the
influence of different kinds of sources at specific sites or the consequences
of changing source pattern. In this report the consequences of changing source
pattern in Zeeland are studied with the aid of an air pollution model. The
model is described in section 2. A similar approach formed the basis for the
calculations by Meade and Pasquill (1958) of annual S0y concentrations in the
vicinity of the Staythorpe Power Station (using the Sutton formula).
Furthermore, the same approach has been applied by Martin (1971) to estimate

the average concentrations over seasonal periods for St. Louis, Mo,

In the present study the seasonal averages of concentrations are calculated
by using the diffusion climatology from the meteorological station Vlissingen.
Pollutant concentration patterns for three different cases are given only for
winter. The physical chimney heights of the planned sources are varied in
order to assess the changes in the ground-level concentrations and which may
assist the planners in deciding the chimmey heights for the planned sources,
The ground-level concentrations were also calculated for spring, summer and
autumn but the results are not included in this report because of the occur-

rence of much lower concentrations during these three seasons as compared to

the winter season.

Basic equation

If the wind directions are taken to n compass points and it is assumed that
wind directions within each sector are distributed randomly over a period of
a month or a season, it can be further assumed that the effluent is uniformly
distributed in the horizontal within the sector (Holland, 1953). The appro-

priate equation for average concentration is
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X = concentration (units/m3),

Q = the source strength or emission rate (units/sec),

O, = the standard deviation of vertical concentration evaluated at the
distance x for the stability s (m),

U = the mean horizontal wind speed (m/sec),

the sector width for each of n sectors at the distance x (m),
H = the effective chimney height (m).
For the derivation of equation (1) one is referred to Slade (1968).

One needs the diffusion climatology in order to estimate the seasonal averages
of concentrations in an area. Here the wind speed is divided in five classes
(for details see section 4). '

The estimation of ¥ for a particular direction and downwind distance can be
accomplished by choosing a representative wind speed for each class solving
the above equation for all wind speed classes and stabilities. One obtains

the average concentration for a given direction and distance by summing all
the concentrations and weighting one according to the frequency of the parti-
cular stability and wind speed class. The average concentration (in case n =

12) can then be expressed by

X (x,8) = R e 2Q f(?’s’gix .exp | -4 (;;H—)2 11, (2)
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where f(6,S,N) the relative frequency of winds blowing into the given 30°

wind direction sector (8) for a given wind speed class (N)

and atmospheric stability (S),

UN = the representative wind speed for class N (see section 4),
2%% = the sector width for each of 12 sectors at the distance x,

and the symbols Q, 9,5 and H have the same meaning as defined above.

Emission parameters

The location of the sources is marked with solid circles on the concentration
maps. The numbers attached to the solid circles correspond to the numbers

shown in Table I and therefore represent the sources together with their
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related data. For example number | attached to the solid circle in the con-
centration map refers to the location of PZEM-~Vlissingen, its emission rate
and the chimney height as given in Table I.

Emission data of all the sources are given in Table I.

Table I: Emission data

Number Name of the source Type of the Chimney height Emission
source (m) rate
(809 kg/hr)

1 PZEM, Vlissingen point 125 1500
2 PZEM, Borssele " 125 500
3 Hoechst " 55 210
4 Péchiney " 20 90
5 Union Kraftwerk " 70 (48,5) 432
6 Total (raffenaderij) " 100 (70) 1133

4, Meteorological data

Diffusion climatology of Vlissingen for the period 1949-1970 is computed with
the help of the computer. The wind speeds are grouped in 5 classes i.e. ¢ 5
knots, 6~12 knots, 13-17 knots, 18-25 knots and greater than 25 knots and

the wind directions are taken to 12 compass points. The seasonal and annual
joint frequency distribution of Pasquill stability categories and wind direc-
tions are determined for each wind speed class. Incidentally, air pollution
climatology of the Netherlands for use in long-range planning of the air
resources management programme has been developed by K.N.M.I. (Royal Nether-
lands Meteorological Institute) and will be published soon (1972).

It is to be noted, however, that the mid-interval value of a wind speed class
adjusted to the height of the chimney with the aid of the well-known power law
wind profile is used as an input for ﬁN'
The power law wind profile is given by U = U10 X(T%)P where U . and U are the

10
wind speeds at anemometer level and at height Z respectively. The values of

P are indicated in Table II,

Tabel II: Values of P according to various stabilities

Stability P
A, B 0,1
c, D 0,2
E, F

0,5
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The vertical dispersion parameter (ozs) is a function of atmospheric stability
and the distance from the source. Pasquill-Grifford curves of 9, (Turner,

1970) were put in tabular forms which could be readily used by the computer

in the calculation of concentrations.

Effective chimney height

Effective chimney height is equal to the sum of the physical chimney height
and the plume rise due to buoyancy and initial momentum of the effluent dis-
charged in the atmosphere. In this study plume rise is taken to be zero in

all the calculations of ground-level concentrations because data concerning
the stack parameters (the stack effluent velocity, stack diameter and heat
emission rate) were not available. Once the stack parameters are known, the
plume rise can be determined and its inclusion would not give any undue diffi-
culty in the calculations. One is referred to Briggs (1969a) for a state—of-

the-art report on plume rise. Some of the results on plume rise are also
summarized in Briggs (1969b).

Results

Ground level concentrations of SO; are calculated for four seasons with the
help of equation (2). Emission data and meteorological data as described in
sections 3 and 4 respectively form the basic input data for the equation (2).
Computer-plotted pollutant "winter'" concentration patterns are shown in Figu-
res I, 2 and 3. The value of the isolines in the Figures 1, 2 and 3 multiplied
by 0.0! gives the concentration of S0, in microgram/cu m. Figure 1 shows the
concentration isolines due to the sources 1, 2, 3 and 4. Here the numbers 1,
2, 3, 4, 5 and 6 correspond to the numbers as shown in Table I. Figure 2
shows the concentrations isolines due to the sources 1, 2, 3, 4, 5 and 6.

The chimney heights used in the calculations for the sources 5 and 6 are 70 m
and 100 m respectivily. On the other hand Figure 3 showns the concentration
isolines due to the sources 1, 2, 3, 4, 5 and 6 but the chimmey heights used
here for the sources 5 and 6 are 48,5 m and 70 m respectivily. Note that the
emission data of sources |, 2, 3 and 4 are kept invariable in all the calcu-
lations of concentrations and only the chimney heights of the sources 5 and

6 are changed. The consequences of changing the source heights are clearly
evident in the Figures 2 and 3. Also the effect of additional sources (5 and
6) on the existing level of SO, concentrations due to the sources 1, 2, 3

and 4 (Figure 1) is vividly brought out in Figure 2.



7. Concluding remarks

One must be careful in interpreting the results of the model and every due
consideration should be given to the limitations and assumptiors of the model
(Pasquill, 1962) as well as to the accuracy of the raw data namely the meteo-
rological data and emission data needed for the model. One is referred to
Pasquill (1971) for an up-to-date review of the problems in atmospheric dis-
persion.

The model fails in case of calm and variable winds and therfore these cases
are left out while making dispersion estimates. No provision was made to in-

corporate the land-sea effect in the model.
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List of figures

Figure Title

1 S0, concentration isolines due to the sources | (125 m)
2 (125 m), 3 (55 m) and 4 (20 m). The number between
the bracket refers to the chimney height of the respec-
tive source as indicated by the number attached in

front of the bracket.

2 50, concentration isolines due to the sources 1 (125 m),

2 (125 m), 3 (55m), 4 (20 m), 5 (70 m) and 6 (100 m).

3 50, concentration isolines due to the sources 1 (125 m),

2 (125 m), 3 (55 m), 4 (20 m), 5 (48,50 m) and 6 (70 m).

Note: The value of the isolines in the Figures 1, 2 and 3 multiplied by 0.0l

gives the concentration of SOy in microgram/cu m.



Lold Alipsinomali3

puDp}JDDY Spubn|apnO

NN

uabamaiug .

NN
. NN

. /////,
3WWIDPUSPOMY SPUDZIAO .~ ajassiog N
NN .,,//,,.v Z
N3ONISSIJIA
J43pjod
USADIOS xom%cw,_ovzm
EEINION N
N 007
MJISIqY HS,
00z ,//,//., duaopmnaiN
PUDZS U UIaH ﬂ,,,c,./
W &
pupimnaIN S % Jaqapnoy
NN s N
N AN
DAINSPUBIV HS
SN diopama -
CUSJDRUNSHIJPUIH HS,
/”/%/V//// L ayuaxabbig N
$309 uapINUWauULY apuDp|a1nc
04NG13AAIN
SN JINSIIBN .
I /
r ) NN .
oyd
¥ipsyupoydiom SUBJNDT 1S e
adansdfhio
abuido
o 9Y49%S00USS ENPENEe0ve
X "

auabiuoy



\ 007, )
2914 yipsinoms||3 -
009
pup|Joogd apubp|apnO
A . N
S~ >

uabamalug .

SWIWIDPUSPD MY SPUDZIAQ .~ 8195540g

NN

7 NIONISSITA
49pjod 008
USADIOS,
mmm—z k N «v/,
. N ////m,,.,,,/,
SN
N N
49451aV HS, w/ w
o JOPMNIIN
PUDZSUSNUISH X /> 4
pubimnaiN M TSN OpNOY
,//u N //M
/ . ,/r//,///.
ONJBNSPUSIV HS .\
/ /,//
UBUSRUDSHIJPUSH HS,
. T N th_wuowmm..m ,,.,,”

apuDid1InNoO7

uapInWauldy

S309

24Ng13AAIN |

N
AN

ENRENIE

o

I
RSN
WIPSIIDDYA]OMN - - ‘ ,
. suaJnol 1S
afaaxsdiiy : g0¢
307 { : . © O
N\ A
. ‘ , abuidoo ’
.\ , ., wawv_mOO..Qw mewxwaGOd‘
. Emm> ,




009

- - T/ \oom 00S 00L 006
mo_n_ 42T TSI

Cooi

o JD ol
3K

4 2088
uabamaiug ~

\ L
0044
007
UWIWOPUIPDMY 2puUDZBA0 -
.
3ONISSITA
Japjod
USADJOS
9sSSIN /
009
9 ID¥SIJV HS, bunanos 3soQ
- diopmnal
pUDZSUINUIBH
PUDIMN3IN 3N 4% 3PNOY
wx..wxmnc/wﬁx HS 2\
UAUSPUDSHIJPUSH HS, ,
ay.axabbig

S309 apub|ainoz

Il
~
© yNpsiupoydiom

O¥Ng13AAIN

N JaNnsIaN

axuaxsdhig

00€

ENWENES] 101

9% 13YS00US



