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Abstract Pollutant dispersion model is the mathematical
formulation to explain how pollutants from various sources
disperse in the atmosphere. The mathematical equations can
be solved by performing with computational programs,
which simulate the dispersion of pollutant. These are used to
predict the ground level concentration of air pollutants
emitted from various sources. Major point sources air
pollution are industries particularly Power plants. In India 70
percent of power generation is from thermal power plants.
Combustion of coal is the main source for the emission of
criteria pollutants. This project deals with the prediction of
ground level concentration of primary pollutants by using
Gaussian model at various receptor points from a point
source of a thermal power project. The point source selected
for this work is Rayalaseema Thermal Power Project,
V.VReddy Nagar, Kadapa District, Andhra Pradesh, India
with the generating capacity of 1050 MW., located
14042°52”N 78027°29”E. The power plant is one of the coal
based power plants of Andhra Pradesh Power Generation
Corporation (APGENCO).
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1. Introduction

1.1. Gaussian Equation

The Gaussian dispersion model [4] is most widely used for
the prediction of ground level concentrations [3] of
pollutants. The simple form of Gaussian plume equation [7]
for solving pollutant concentration at a point in space is
given:
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Where
Q = emission rate of pollutant in gram/second
u = average wind speed in meter/second
oy = standard deviation, y direction in meter
oz = standard deviation, z direction in meter
x = downwind distance x in meter
y = cross wind distance y in meter

Z = receptor height z in meter

H = effective height of stack in meter

1.2. Back Ground of Rayalaseema Thermal Power
Project

Rayalaseema thermal power project of Andhra Pradesh
State Electricity Board is at Kalamala of Kadapa district,
Andhra Pradesh, with the installed capacity of 1050MW in
five units under three stages. Five stacks are provided in
three chimneys with inter stack distance of 70 meters whose
coal consumption is 137 Tph.

Coal consumption for 5 units is 685 Tph.
Location of thermal power plant is shown in the figure 1.

1.3. Potential Air Pollutants Emitted

Potential air pollutants from stationary source of a thermal
power project are criteria pollutants [1] of suspended
particulate materials (SPM), sulfur oxides (SOx), nitrogen
oxides (NOy) and carbon monoxide (CO).All the pollutants
produced are considered as photo toxicants [6]. They will
show severe environmental impact on man, material,
livestock and vegetation.
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Figure 1.

2. Methodology

Three point sources are integrated [10], emission rates and
emission concentrations are calculated from emission
inventory methodologies. Prediction [4] of ground level
concentrations of suspended particulate materials (SPM),
sulfur oxides (SOy), nitrogen oxides (NO,) and carbon
monoxide (CO) are carried out by using Gaussian dispersion
equation.

2.1. Gaussian Model

The Gaussian dispersion model is very old and the most
widely used in the prediction of air pollutant concentrations
in the ambient atmosphere. It assumes that the dispersion of
air pollutant is a Gaussian distribution [3], it means the
pollutant distribution is a normal probability distribution.
Gaussian models [7] are used for predicting the dispersion of
all types of plumes [7] emitted from ground-level or elevated
sources. Gaussian models also applied for prediction of the
dispersion of non-continuous plumes.

2.2. Solving Plume Rise for Neutral Stability Conditions

RTPP - location map
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Stack gas exit speed (Vs.) = 28.7 meter/second
Stack diameter (d) = 4 meter
Average wind speed with reference to stack
height (u) = 20 meter/second

Stack heat emission rate(Qh)
= 39505.79 kilojoules/second

Plume rise AH = 19.68 meter
Stack height in m. (h) = 220
Effective stack height (H) = 239.68meter

Gaussian Equation [7] for pollutant concentration at ground
level along the plume centerline

_H2
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C = Downwind concentration

2.3. Input Variables
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x = downwind distance in meters

= 5000, 10000, 15000, 20000, 25000, and 30000.

Q = emission rate in grams/sec

Emission of SPM in gm./s

= 164 (Emission control 99.5%)

Emission of SO, in gm./s = 1094.4

Emission of NOy in gm./s = 69.3

Emission of CO in gm./s =3.6

Pi=3.14159

u = average wind speed in meters/sec = 1.8

H = Effective stack height = 239.68 meter

Wind speed measurement height in m. = 10

Inter stack distance in m. =70

Based on the meteorological conditions [2] of the project
site, Atmospheric Stability class (A - F) [9] is equal to
slightly unstable (C) or neutral (D).

2.4. Sigma Values

Sigma values [11] are base to all Gaussian based
dispersion models of air pollution [3]. They can be
determined by plotting graph, but are determined more
accurately by the following equations:

0 z=cxd-f

The value of x is the distance downwind from the source.
From experimental determinations and amount to
curve-fitting [11], a, ¢, d, and f values are determined. These
values are shown in tables, and there are various sets of
tables. It is complicated to find the values of a, ¢, d, and f'that
correspond to study the atmospheric stability, nowadays
various computer programs determine these values.
However, calculators [13] can be used to solve the above
function.

To use only the power function, a=1 and =0 (i.e., the default
values).

To find a square root of x, ¢ = 0.5

To find sigma values, use the tables below.(table1and table2)

2.5. Output Values

By giving input variables to the Gaussian based
computational program [12], ground level concentrations of
the pollutants at various receptor points for Pasquill-Gifford
Stability class [9] — C and Pasquill-Gifford Stability class —
D are presented in table 3 and table 4.

0 y=ax"0.893
Table 1. Calculated values of sigma 'y
Sigma — y
Stability class "a" value other variables
A 213 "x" = the distance downwind
B 156 "f'=0
C 104 "c" = .894
D 68
E 50.5
F 34

Table 2. Calculated values of Sigma z

Sigma z (x = distance downwind)

Stability class if x < 1 km, then: if x > 1 km, then:
"a" is: "c"is: "f" is: "a" is: "c" is: "f" is:
A 440.8 1.941 -9.27 459.7 2.094 9.6
B 106.6 1.149 -3.3 108.2 1.098 -2
C 61 0911 0 61 0911 0
D 332 0.725 1.7 44.5 0.516 13
E 22.8 0.678 1.3 55.4 0.305 34




94

Prediction of Ground Level Concentrations of Air Pollutants Using Gaussian Model, Rayalaseema
Thermal Power Project, Kadapa, A.P., India

Table 3. Ground Level Concentration of Air Pollutants under Slightly Unstable Condition

Slightly unstable condition (Pasquill-Gifford Stability class — C)

Downwind distance Gy [ SPM SO; NOx (60)
(m) (m) (m) (ng/m’) (ng/m’) (ng/m’) (ng/m’)

5000 438.44 264.29 160 1100 70.1 3.64

10000 814.76 496.96 63.7 420 26.9 1.39

15000 1170.73 719.03 325 210 13.7 0.71

20000 1514.09 934.47 19.8 130 8.38 0.43

25000 1848.38 1145.12 13.4 89 5.66 0.29

30000 2175.60 1352.03 9.7 64 4.10 0.21

Table 4. Ground Level Concentration of Air Pollutants under Neutral Condition
Neutral condition (Pasquill-Gifford Stability class — D)

Downwind distance Gy [ SPM SO, NOx (60)
(m) (m) (m) (ng/m’) (ng/m’) (ng/m’) (ug/m’)

5000 286.67 89.10 30.46 203 12.87 0.12

10000 532.73 133.00 80.69 538 34.09 3.40

15000 765.48 166.97 80.98 540 34.22 3.42

20000 989.98 195.78 70.72 471 29.88 2.98

25000 1208.55 221.25 60.31 402 25.48 2.54

30000 1422.50 24436 51.57 344 21.79 2.17

2.6. Predicted Ground Level Concentration of Air Pollutants

Predicted Ground Level Concentration of Air Pollutants under Slightly Unstable Condition and Neutral Condition are calculated.
The following table 3 presents ground level concentrations for slightly unstable condition and table 4 gives the ground level
concentrations for neutral condition.

The method of calculating nitrogen dioxide concentrations is related to the Ozone Limiting Method (US EPA SCRAM
website). Ground level concentrations of Nitrogen dioxide are estimated from modeled NOX concentrations at various
downwind distances for prevailing two stability classes of the project site, which are projected in table 5.

Table 6.
source.

Table 5. ground level concentration of NO2under slightly unstable & neutral conditions

Slightly unstable condition (Pasquill-Gifford Neutral condition (Pasquill-Gifford Stability class
Downwind distance Stability class —C) -D)
(m) NOx(g/m’) NOx(g/m’)
5000 78.71 15.75
10000 31.19 39.09
15000 16.67 39.24
20000 10.81 34.46
25000 7.82 29.62
30000 6.2 25.56

EPA Multiplying factors to convert 1-hour average concentration estimates from the Gaussian model to longer averaging periods for "Point"

Periodof Averaging Multiplying Factor
3 hours 0.9
8 hours 0.7
24 hours 0.4
annual 0.08
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2.7. Validation against Monitoring Data

Nitrogen dioxide concentrations calculated from NOx
concentrations measured at several sites from Rayalaseema
Thermal Power Project shows that taking the percentage of
nitrogen dioxide in NOx emissions contributing to the
measured concentrations as 10% is highly conservative and
that 5% still predicts nitrogen dioxide concentrations higher
than any reliable measured concentrations. This may reflect
the effect of the percentage of nitrogen dioxide in NOx
emissions being less than 10%, together with scavenging of
both nitrogen dioxide and ozone by vegetation, plus the
photochemical equilibrium. Ambient Air Quality Standards
for Nitrogen dioxide for 24 hours is prescribed as 80pg/m’,
all the results are below the Ambient Air Quality Standards,
prescribed by the Central Pollution Control Board
(Government of India). Nitrogen dioxide concentrations at
various locations from the project site can be used as input
values for the modeling of ground level ozone.

95

3. Multiplying Factors

The Gaussian model generates 1-hour concentration
estimates. The 1-hour averages may be converted to a longer
averaging period using the guidance below.

3.1. Point Sources and Flares

For "points" and "flares," U.S. EPA multiplying factors
shown in Table 6 to convert 1-hour concentration estimates
from 1 hour to other averaging periods.

1hr. concentrations of both the stability classes (C and D)
are converted to other averaging periods and presented in
table 7. and 8. The concentrations which exceed the National
Ambient Air Quality Standards are shown in bold.

Table 7. Ground level concentrations of pollutants under slightly unstable conditions

Pollutant Dowqwind distance Averaging Period
1n meters 1-hr 8-hr 24-hr Annual
5000 160 112 64 12.8
10000 63.7 44.59 25.48 5.096
SPM 15000 32.5 22.75 13 26
(ng/m’) 20000 19.8 13.86 7.92 1.584
25000 13.4 9.38 5.36 1.072
30000 9.7 6.79 3.88 0.776
5000 1100 770 440 88
10000 420 294 168 33.6
30, 15000 210 147 84 16.8
(ng/m’) 20000 130 91 52 10.4
25000 89 62.3 35.6 7.12
30000 64 448 25.6 5.12
5000 78.71 55.097 31.484 6.2968
10000 31.19 21.833 12.476 24952
NO, 15000 16.67 11.669 6.668 1.3336
(ng/m’) 20000 10.81 7.567 4324 0.8648
25000 7.82 5.474 3.128 0.6256
30000 62 434 2.48 0.496
5000 3.64 2548 1.456 0.2912
10000 1.39 0.973 0.556 0.1112
co 15000 0.71 0.497 0.284 0.0568
(ng/m’) 20000 0.43 0.301 0.172 0.0344
25000 0.29 0.203 0.116 0.0232
30000 021 0.147 0.084 0.0168
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Table 8. Ground level concentrations of pollutants under slightly neutral conditions

Downwind distance Averaging Period
Pollutant .
n meters 1-hr 8-hr 24-hr Annual
5000 30.46 21.322 12.184 2.4368
10000 80.69 56.483 32.276 6.4552
SPM 15000 80.98 56.686 32.392 6.4784
(ng/m’) 20000 70.72 49.504 28.288 5.6576
25000 60.31 42.217 24.124 4.8248
30000 51.57 36.099 20.628 4.1256
5000 203 142.1 81.2 16.24
10000 538 376.6 2152 43.04
SO, 15000 540 378 216 432
(ng/m?) 20000 471 329.7 188.4 37.68
25000 402 281.4 160.8 32.16
30000 344 240.8 137.6 27.52
5000 15.75 11.025 6.3 1.26
10000 39.09 27.363 15.636 3.1272
NO, 15000 39.24 27.468 15.696 3.1392
(ng/m’) 20000 34.46 24.122 13.784 2.7568
25000 29.62 20.734 11.848 2.3696
30000 25.56 17.892 10.224 2.0448
5000 0.12 0.084 0.048 0.0096
10000 3.40 2.38 1.36 0.272
co 15000 342 2.394 1.368 0.2736
(ng/m?) 20000 2.98 2.086 1.192 0.2384
25000 2.54 1.778 1.016 0.2032
30000 2.17 1.519 0.868 0.1736
Table 9. National Ambient Air Quality Standards
Concentration in Ambient Air
S.NO Pollutant Time Weighted average Industrial, Residential, Rural Ecologically sensitive area
and Other Area (notified by Central Govt.)
D 2 3) 4) (%)
Annual 50 20
1 SO, pg/m’
24 hours 80 80
Annual 40 30
2 NO, pg/m’
24 hours 80 80
Annual 60 60
3 PM10pg/m3
24 hours 100 100
Annual 40 40
4 PM2.5 pg/m3
24 hours 60 60
8 hours 100 100
5 03 pg/m3
1 hour 180 180
8 hours 2 2
7 CO mg/m3 1 hour 4 4
24 hours 400 400
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National ambient air quality standards [8] are prescribed
by Central Pollution Control Board, the standards for criteria
pollutants are specified in the table 5. The project (RTPP)
location comes under the category of Industrial, Residential,
Rural and Other Area. National Ambient Air Quality
Standards are shown in the table 9.

4. Discussions

In this work prediction of ground level concentrations of
suspended particulate materials (SPM), sulfur oxides (SOX),
nitrogen dioxides (NO2) and carbon monoxide (CO) are
carried out by using Gaussian dispersion equation. Six
receptor points are taken at distances of 5000m, 10000m,
15000m, 20000m, 25000m and 30000m from the point
source. From the analysis of results under slightly unstable
and neutral conditions (Pasquill-Gifford Stability class — C
and D) at the receptor point of 5000m Suspended particulate
materials (SPM) concentration is slightly high. Nitrogen
oxides (NOx) concentrations are below the ambient air
quality standards and carbon monoxide (CO) little high. But
Sulfur oxides (SOX) concentrations are very high at all the
receptor points, so it is essential to take appropriate steps to
reduce the sulfur emissions from the source.

The significance of the present study was associated with
Level —1 assessment(Screening) was carried out through
dispersion modeling technique using worst case input data,
pollutants concentration at ground level along the plume
center line are predicted using the Gaussian equation. As the
concentrations of pollutants in level —1 (screening) are high,
further it is recommended to proceed for level-2 assessment
i.e. application of refined modeling with site specific hourly
data.
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