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Atmospheric pollution due to improper industrial siting :
A meteorological approach for abatement
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ABSTRACT. A simple method utilisin{f the conventional meteorological data to advise on (a) optimum

staok height of any proposed industry to limit the pollutant concentrations within their lethal values and (5)
optimum emission with the existing stack height of an operating industry to control the concentrations within the
standard limits is presented. In developing this methodology a comparison was also made of the stability classifica-
eation of Pasquill-Turner, eritical values of Richardson’s number un(s'limitsufstm\dnrd deviation of wind directions,
OFf thege the best clagsification was found to be by using wind direction traces, Plume rise by Briggd, Tennessce
Valley Authority, Holland, Whaley, Morton, CONCAWE and Lucas methods were compared and the study points
out that Lucas formula could he employed with minimum data without loging much accuracy as often  elaimed
by gophisticated formulae. Coefficients for vertioal variation of wind were derived from centinuous records oyer
ntower at two levels, Temperature varintion in the vertical under daylight conditions is agsumed to be dry adiabatic.
Daring night time inversions a mathematical model derived from soreen temperature data is used.

~ Maximum eoncentration and its digtance were obtained for 03 and 12 GMT for every month from climatolo-
gical data. Whore these concentrations were found to be lower than United States Environmental Protection Agency
(EPA} secondary standard the stack heights are considered to be gafe provided the background pollution is negligible;

otherwige the ur!imum stack heights were determined. Alternatively with the limit of EPA standard, existirg

stack height anc

meteorological parameters the optimum emission rate is determined. Those industriesin the proporal

stage can medify the stack design but for industries in production stage emission rate has to be limitcd.

1. Introduetion

Increasing industrialization and eonse quent ur-
banization without due regard to the environmen-
tal meteorological conditions is leading to a deterio-
ration of ambient air quality at several places.
Bvalmh@ the adverse eftects of the poor air quality,
it has become customary to probe into the pre-
cedent and antecedent meteorological conditions
of the industrial area and seek solution to the
pollution problems. The meteorological approach
for proper air management is to limit the ambient
air quality within the lethal values either by emis-
sion control or by alteration of stack heights utili-
sing the dilution capacity of the atmosphere to a
maximum. Elahorate analysis of meteorological
data is both laborious and time consuming. Se-
condly sophisticated formulae for deriving several
plant characteristics and parameters need either
very accurate meteorological data or specialised
meteorological measurements which may not be
readily available. Tn the present paper a simple
method utilising commonly available climatological

data to advise on (4) optimum stack height of any"

proposed industry to limit the pollutant concen-
trations within their lethal values and (b) optimum
emussion with the existing stack height of an operat-
ing industry to control the concentrations within
the standard limits is presented,
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Studies on atmospheric pollutant dispersal from
thermal power plants under Bongaigaon project
at Borgolai (near Margherita) and Salakati were
undertaken to advise on the stack height. Disper-
gal of sulphur dioxide from the stack of a ferti-
lizer plant at Mathura was also determined to assess
the propriety of their proposed stack height. The
location map of these sites is shown in Fig. 1.
Plant characteristies are given in Table 1.

2. Methodology
Ground level concentration along plume axis is :
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where,

x = Conecentration of pollutant (ug/ms3)
@ = Pollutant emission rate (ug/sec)
# = Wind speed at stack height (m/sec)

oy and o, = Btandard deviations (m) of plume
axes

concentrations along 4 and z
I = Effective stack height (m)
and h=H +AL
where, H = Physical stack height (m)
Al = Height of plume rise (m)
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Fig. 1. Locator map
TABLE 1 ditions and

Plant characteristics

Thermal power plant at
p 1
PN

Plant charaoct- r —— Fertilizer
eristics Borgolai Salakati plant at
(near Mar- Mathura
gherita)
Capacity 2260 MW 260 MW —
Proposed ht. of
stack 80 m 80 m 80 m

Source strength 3-0ton/hr  3J-0ton/br  0-342 ton/

hr
Emission of heat

from chimney 380 MW 38 -0 MW 65 -85 MW

On differentiating the Fqn. (1) w.rt. =, the
maximum ecncentration of pollutants from an ele-
vated source can be chtained (Pasquill 1974, Smith
1968) with certain simplifying assumption.

2
s B 2
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where X, ac = Maximum concentration of pol-
lutant (pg/m?)

e=2-T18 (base of natural It garithm)

This maximum value oceurs at a distance where
h
o, = =

NGE

termin the equaticn is unity,

= 0°Th, i.e., when the exponential

In using the above equation, it is to be remem-
bered that for each change in meteorcle gieal ccn-

wind speed, the ratio o,fe,
changes and a new effective stack height must be
obtained.

(":-m.putm.ion of maximum concentraticn, there-
fore, necessitates determination of dispersion
characteristies ¢, and ., plume rise and wind
speed at stack height. Climatological data in res-
pect of temperature, wind and cloudiness for 03
and 12 GMT for the 12 months published by India
Meteorological Department (1960) are made use
of in, the present study.

3. Dispersion characteristies

The dispersion characteristics ¢, and o, depend
upon the turbulent structure of the atmosphere,
From wind speed and cloudiness Pasquill (1861)
estimated stability and computed o, and o..

Pasquill classification has been made more
objective by Turner (1964) by specifying the classes
according to Net Radiation (NR) index and wind
speed; for night time NR depends on cloudiness,
for day time NR depends on solar altitude and
cloudiness.

In the present model stability classification
according to cloudiness, wind and solar altitude
corresponding to the latitude of station culled out
of Smithsonian Meteorological Tables (List 1951)
is considered as standard. Wind direction fluctua-
tions similar to Brookhaven National Laboratory
(Slade 1968) are used to evaluate og and hence
stability, This classification is standardized with
reference to Pasquill type and is used in the present
calenlation. Industrialization and consequent urh-
anization leads to increased low level turbulence,
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Hence MeElroy’s power laws as used in urban
diffusion models are employed for evaluating o,
and o, in the present study :

oy = G P oy =0 2
where o, o, and z are in metres, Pasquill-Turner’s
six categories are also abridged to four classes
adopted by McElroy as follows :

McElroy (1969) Pasquill-Turner (1964)

Very unstable A
Unstable B.C
Neutral D
Stable E F

The numerical valuesof @, b, pand ¢ are given
below, These are obtained from oy and o, curves
(McElroy 1969).

Stability a P b q
Very unstable 1-459 0-714 -00566 1-54
Unstable 1-518 0:687 0-037 1-17
Neutral 1-368 674 00944 <945
Stable 0-791 667 0-4 -672

Plume rise

Plume rise can be calculated as a function of
source parameters, such as buoyancy and meteor-
ological ~conditions. Techniques for deriving
this have been developed by several workers and
organizations but hardly any of them agree, either
with each other or with new observations, if they
go outside the range of the original observations
the techniques were made to- fit (Briggs 1975
Guldberg 1975). ’

Of the several formulae in literature, Briggs
model (1969, 1971, 1972) predicts hest the observed
plume rise during periods of low wind speed and
at higher wind speeds the TVA 1972 model sug-
gested by Montgomery et al. (1972) performed best.
Both these formulae need vertical temperature
distribution hence cannot be used in general.
Holland’s (1953) equation although physically
sound, demands several parameters which also
may not be readily available. Numerous empiri-
cal, Semi-empirical formulae utilising heat emission
and wind speed alone are developed both in Europe
and United' States (CONCAWE 1966, Whaley

1969, Lucas et al. 1963). Further, Moore (1974)
aftera comparison of plume rises recommended
the use of Lucas formula with certain modifications.
Morton et al. (1956) developed a simple formula
under very stable and calm conditions. Therefore,
in the present study a comparative study of plume
rises computed by using the formulae of Holland,
CONCAWE (1966), Whaley (1969), Tucas (1967),
Briggs (1972), TVA Models 1971 and 1972 and
Morton et al. (1956) was made, It is found that
plume rise as determined by slightly modified
Lucas formula is close to Brigg’s model at low wind
speeds and TVA 1972 model at higher wind speeds.
Lucas formula for plumerise used in the present
study is : A

60 b5 H 14
Al = = {u = Q'
(unstable and neutral conditions)
116 Q'8
Ab= u
(stable and low wind speed)
160 Q};l 4
h=——
Al e

(stable and high wind speed)

Wind at stack level

Wind speed at the stack level is obtained
from ground value by employing power law as
suggested by Sutton (1953).

Z\P
o= (7)

where 4, and « are wind speed at Z; (lower) and
Z (higher) levels and

p=1/9 (unstable, very unstable)

p=1/T (neutral)

p=1/3 (stable)

Temperature at stack level

In unstable and neutral conditions air tempera-
ture at stack level was obtained by adopting dry
adiabatic lapse rate. But in gtable, calm, clear
sky situations a mathematical model as given by
Anfossiet al. (1976) was used.

Air quality eriteria used and basis  for advice

Environmental protection ageney of U.8.A. has
defined primary and secondary standards (EPA
1972). Primary standards are designed to protect
human health. Secondary standards are design-

e
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ed to protect against effects on soil, water, vegeta-
tion, minerals, animals, weather, visibility, personal
comfort and well-being. U.S. EPA secondary stan-
dards are defined for 3 and 24 hours sampling time.
The 3 hours value is reduced to one hour standard

by :
& \?
X,=X, (Tf’)

where X, = Desired concentration estimate for
sampling timet,
Xy = Concentration estimate for shorter
sampling time ¢, and
p="18b
The value thus obtained was also compared with
the method suggested hy Lucas (1967 ) and it was
found that the values are more or less the same.

U.S. Environmental protection agency standards

Primary 365 pg/m®  24-hr concentration
Secondary 1300 pg'm®  3-hr  concentration

1600 pg/m3
(derived )

1-hr eoneentration

Maximum coneentrations for 03 and 12 GMT
for all the months were caleulated together with
their distances of oecurrence. Concentrations at
those distances were also computed employing the
short term centre line equation. _

X Q 2
(0,0,0; H) = exp 5
T, Qg;

It was found that the concentrations computed
by the two methods agreed confirming the correct-
ness of the computations. When the concentra-
tions at any observation time did not exceed the
U.8. EPA secondary standard it was considered
that the existing/proposed stack height is satisfac-
tory. In case the concentrations exceed, the
seeondary standard is used in place of y,. and
the eftective stack height computed keeping all
the other parameters the same. From the effective
stack height, the plume rise is deducted thus
yielding the physical stack height and the eon-
cerned industry is advised to raise the stack level
to this optimum value.

Where the industry is in operation a different
procedure is adopted. With the secondary stan-
dard as the maximum concentration and existing
stack height, the optimum rate of emission is
determined and the industry can be advised to
limit their emissions to this optimum value.

4, Resulfs

Maximum concentrations together with the
distance of their cecurrence at the three sites

TABLE 2
Maximum sulphur dioxide concentration (pg/m?) at different
stations
Mathura Ferti-
3 orgalai Salakati lizer Plant
i A~ ——e |~ A _—
03 12 GMT 03 12GMT 03 12 GMT
Jan 1215 723 1349 490 143 127
(2:0) (14-0)  (1-4) (29-8) (1-6) 249)
el 1229 843 1357 537 146 130
(2:0) (98 (18 (252 (15 (22
Mar 1319 0932 1240 931 148 138
(L-6) (74 (9 (74) (1:3) (1-8)
Apr 1264 1200 1354 1344 148 141
(L-8)  (2:1) (L) (L-1) (13) (1-7)
May 1264 1337 998 1357 149 148
(1.8) (1.5 (7)) (12 (12 (1-2)
Jun 1299 1324 1041 1005 148 147
(1:5) (1-5) (2-4) (29 (1-1) (1-1)
Jul 1306 1290 1044 1283 149 148
(1:7) (1-7) 2:3) (1-7) (1-2)  (1-:3)
Aug 1638 1611 1037 1283 148 144
(L-0)  (1-0) (23) (1:7) (1+3) (1-6)
Sep 1312 1593 1041 1357 147 146
(r6) (1-1) 24y (1-3) (14) (1-5)
Oet 1313 1380 980 1344 106 176
(1-6) (1-5) (3:5) (14 (64 (10)
Noy 751 1265 764 1319 100 16
(12:9) (L-8) (2+4) (1+6) (7-8) (1-3)
Dee 723 1162 065 1638 104 164

(L40)  (2-1)  (3:3) (L) (7T:0)  (1-4)

Figures in parenthesis indieate distance in kilometres

are given in Table 2. From the table it can be seen
that at Borgalai there is a tendency for the ambient
air quality to deteriorate beyond the approved
limits thrice but at Salakati only once. In the
case of Mathura fertilizer plant the maximum con-
centrations are very mueh below the standards of
EPA and hence there is no necessity to enhance the
stack height or reduce emissions. To limit the
maximum concentration to EPA values at either
Borgalai or Salakati it was found that the stack
height should be raised above 87 metres atleast.

5. Conelusion

The methodology deseribed in this paper is
simple and utilises the available climatological
(normal) data and minimum plant characteristics.
The conelusions arrived by the study and the reco-
mmendations made thereon would be very helpful
to industrial and town planners in locating the
stacks and zoning of urban complexes, recreation
areas ete,




ATMOSPHERIC POLLUTION DUE TO IMPROPER INDUSTRIAL SITING

The suggested advice on optimum stack heights
or emission rates is given on the assumption of a
single source and negligible baekground pollution.
For multiple sources, the concentrations could
become additive and the optimum stack heights
may correspondingly change. Similarly, if there
is background pollution, this may also modify the
eritical height of stacks.
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