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Abstract - Using a Gaussian diffusion equation, a simple
computer programme incarnated as SCREEN-SPR Model
has been developed in C# language and run on the Visual
Basic platform. This is used to calculate the Ground Level
Concentration (GLC) of pollutant prevailing at downwind
locations ranging from 100 m to 10 km with an increment
of 100m under the combinations of various wind speed and
atmospheric stability classes. A worst Meteorological
situation has been arrived, by which the combinations of
particular wind speed and its relevant stability class may
possess, the max GLC of the pollutant prevailing at the
shortest downwind distance from the stationary source i.e.
considered to be a "critical® situation. In any Air Pollution
Assessment study, the impact would be assessed with respect to
the worst meteorological situation.

I.  INTRODUCTION

Large industrial activities (power generation) and
their expansion projects in a limited area, in any air basin
may pose many problems, especially "Air Pollution
Management"”. The transport and diffusion of the
air pollutants along the downwind distance emitted
into the atmosphere from the tall stacks depend on
meteorological factors such as wind speed, wind
direction and atmospheric turbulence. Rao et al. (1994)
defines the critical wind speed (case) is that at which the
concentrations of the impurities at the breathing level
can attain their maximum in a particular meteorology .
Their study focused on determination of critical wind
velocities for a Thermal Power plant of capacity
3600MW, based on the Gaussian plume model
approach. It employed all possible wind speeds and
their relevant stability classes to determine the critical
wind speed separately, but his study was limited to
10km only.

This study involves all possible wind speeds (0.25,
0.69, 1.39, 2.10, 2.75, 3.47, . . . . 16.67) (m/se)
and their relevant stability classes to determine the
critical wind speed of the programme developed
in C language. To run the programme
successfully, enter the following variables as an
input.

The internal stack diameter (d),

The stack exit gas velocity (Vs),

The physical stack height (his), and

The Emission rate of pollutant (q)

The displayed output consists the each
wind speed, and its relevant stability class holds

the maximum GLC prevails at a shortest downwind
distance.

II. METHODOLOGY

The General Gaussian Dispersion Model
has been employed to determine the Groundlevel
downwind concentration of the pollutant(Turner

Q 1 he?
1970).C(x,0,0)= ——— exp| ——
) ( ) 7o, o, U g P 2207

Where
C(x,0,0) - Groundlevel downwind centerline
concentration of pollutant , (ug/m3)

Q -Emission rate of pollutant pg /sec)
Ustk = Mean wind speed at stack height (m/sec)

Effective stack height, he (m)

= physical stack heigh(hs)+plume rise (Ah)
oy&ao, - Diffusion parameters along y & z axes
respectively.

Atmospheric Stability

Meteorological conditions defining, Pasquill
turbulence types were adopted for determining the
atmospheric stability classification,(Pasquill 1961]

Dispersion Characteristics

Formulae recommended by Briggs (1973) for
calculating oy(x), cz{x) wherel0?<x< 10*m. This
was employed in the dispersion model.

Piume Rise
Briggs formulae were recommended for
estimating the plumerise under following
conditions.
1
Ah = 2.47 (Qh)*3 (hs)?®  for
Unstable and Neutral conditions

2. F
h = 2.45 (Qh/0.0064 usu)'®
for stable conditions:
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where
Ah — plume rise in (m)
Qh- Heat emission rate (Kcal/Sec)
hs = Physical stack height (m)

Wind Speed at Stack Level

Often the Wind speed at the stack height
are not available and they are evaluated based on
the theoretical formula. Wind speed at stack level
has been found out using power law

Ustk ; Uzo (hs/h1o)?

Where
Usw ; wind speed at stack outlet (m/sec)
Uio; Wind speed at 10 m level (the standard height
for anemometers)
p; is a function of stability p= 0.12 for unstable
conditions, p = 0.14 for neutral conditions, p=
0.24 for stable conditions.
Wind speed at stack level was used in the
dispersion calculation.

Plant Characteristics

The input data for the model were taken
for a typical Thermal power plant generating 360
MW capacity with lignite as fuel.

Physical stack height 275 m
Diameter of the stack at outlet :0.5 m
Atmospheric temperature :41°C
Stack gas temperature :150°C
Exit Velocity of stack gas :25 m/sec
Mass density of stack gas :0.9 kg/m

Specific heat at constant pressure :0.26  k.cal./sec

Il.

ESULT & DISCUSSION

The purpose of the present study is to
identify the worst meteorological situation
leading to maximum ground level concentration. The
stability class identification is based on the
Pasquiils turbulence types. The combination of
various wind speed and the relevant stability
classes were employed in these estimates with
average wind speed of 0.25 m/sec, 0.69 m/sec,
1.39 m/sec, 2.10-m/sec, 2.75 m/sec, 3.47 m/sec,
4.17 m/sec, 4.87 m/sec, 5.10 m/sec, 5.38 m/sec,
6.94 m/sec. 9.72 m/sec, 12.50 m/sec, 16.67 m/sec.
Using the Gaussion diffusion equation, the
maximum GLC have been worked out for all the
wind speed and its relevant stability class upto a
distance of 10,000 m at an interval of 100m.When
the SCREEN-SPR programme is run successfully,
the resulting values are stored on the data file.Please
see Figure-1. The data file contains a critical wind
speed corresponding to each stability class, which
the combination of wind speed and its
corresponding stability class holds the maximum
GLC prevailing at the shortest ground level
downwind location. That is the worst metrology
situation. Table-1 clearly identify the worst
meteorological situation for the Typical Thermal

Power plant under assumed plant characteristics as
the critical wind speed of 3.47m/sec prevailing
under stability class B holds the highest GLC at a
downwind distance of about 7000 m from the
source.

Fig-1: Screen Shot of SCREEN-SPR model

SCREEN- EPR Model

Screening Procedures for assessing meteorological Risk

MeteorologicalRisk |

Radial Concentration

GLC Graph

Quit

F o ik #

TABLE-1:WORST METEOROLOGICAL SRTUATION

Warst meteoralozical situation

Clasf X &V ¥ TBAR USIE EFHT X

A 1000000 138563 200000 02 037 11636 000
A 10000 f0m 025 1201636 0.000
B 1000000 113137 0000 025 037 1201636 0.000

Cla%S X &V ¥ TBAR USTE EFET X

A L0000 1355.63 200000 ¢
A 1000000
B 100000

Cla%S X &V ¥ TBAR USTE EFET X

A SN0 14364 100 139 L
A 1000000 14330 16000 139

B 1000000 113137 L0
C oo TTISD 4615 L0

E 1000000 €426 TI0 110 465 60565 0000

F o000 18 400 110 465 80565 Q000
Worst Maseorchogial Sashe

Cla% ¥ & & UBAR USTE EFHT (X

B TN 900 MO0 347 LI6 LS T4
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GROUND LEVEL DOWNWIND CONCENTRATIONS OF SO2

Fig-2: Ground level Downwind concentration of So,

IV CONCLUSION

The SCREEN-SPR Model has been developed
in C# language and run on the Visual Basic platform and
it is used to calculate the Ground Level Concentration
(GLC) of pollutant prevailing at downwind locations
ranging from 100 m to 10 km with an increment of 100m
under the combinations of various wind speed and
atmospheric stability classes. The worst metrology
situation for the typical Thermal Power plant under
assumed plant characteristics was the critical wind
speed of 3.47m/Sec prevails under stability class B
holds the highest GLC at a downwind distance of
about 7000 m from the source.
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