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1.  Introduction

Nitrogen Oxides (NOx), particularly nitrogen dioxide, 
are produced from the combustion of fossil fuels under 
high temperature conditions. Thermal power plants 
are the major sources of Nitrogen oxides. Higher 
concentrations of NO2 damage the leaves of plants, 
retard the photosynthetic activity and cause chlorosis. 
NO2 has irritating effect onmucous membranes; it 
causes bronchitis and respiratory problems. Higher 
concentrations of NO2 cause gum inflammation, internal 
bleeding, lung cancer, pneumonia and oxygen deficiency7. 
NOX fades away the number of textile dyes. It produces 
peroxides with hydrocarbons which combine with ozone 
and cause crack in the rubber. Oxides of nitrogen are 
involved in the generation of serious air pollutants such as 
ozone, PAN and photochemical smog. Hence prediction 
of nitrogen oxides is the prime requisite in industrial sites 

for impact assessment9. The Industrial Source Complex - 
Short Term version 3 (ISCST3) is a steady state, Gaussian 
based dispersion model6 which, can be widely applied to 
forecast pollutant concentrations. The ISCST3 dispersion 
model from the United States Environmental Protection 
Agency was intended to sustain the EPA’s authoritarian 
modeling options8.

2.  Study Area

The Rayalaseema Thermal Power Project Stage-I (420 
MW) comprises of two units each one established with 
210MW power. The Rayalaseema Thermal Power Project 
Stage-II (420 MW) comprising 2 Units of 210 MW each. 
The Rayalaseema Thermal Power Project Stage-III (210 
MW) comprising 1 Unit. Stage-IV (600 MW) works are 
under progress.
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The Project is situated in Chennai-Guntakal Broad 
gauge line. The project site is at 180 m above MSL and it 
lies on latitude of 14° – 42’-30’’N and longitude of 78°-28’ 
E. The project is located in an area of 1650 Hectares. The 
site for power project at Kalamala is located near by the 
towns Yerraguntla, Produtur and Muddanur. The area is 
rural, the total regional population is more than 4, 00,000 
residing within a radius of 10 Km. The location map of 
RTPP is shown in Figure 1.

Thermal power plant is a major source of local pollution 
and health damages. The major pollutants affecting the 
site are suspended particulate matter, sulfur dioxide and 
nitrogen oxides. Current air quality forecasting efforts 
focus on predicting nitrogen oxides (NOX) using ISCST3 
model3.

3.  �Application of ISCST3 Model 
for Rayalaseema Thermal 
Power Project

3.1 Input Data
The application of ISCST3 model in the present study 

needs input data from emission sources at the RTPP site 
and site-specific meteorological data. The input data that 
explain both the emission source and meteorological 
conditions give total data which can be used to run 
the ISCST model and thus reproduce the ground level 
concentrations of nitrogen oxides (NOx) from stationary 
source of a thermal power plant4. The information of 
emission source that requirements to be input into the 
model is limited to the physical stack dimensions i.e., 
stack height, stack location, internal diameter of the stack, 
as well as the velocity and temperature of the flue gas, 
and the nitrogen oxides emission rates1. In addition the 
model needs the site-specific meteorological data as input 
data11. The local meteorological data that was required to 
be input into the model were limited to the Julian day, 
wind direction, wind speed, mixing height, ambient 
atmospheric temperature and the Pasquill stability 
class12. The data were collected from India meteorological 
department and from the web site www.metchec.com. 
The ISCST3 model requires meteorological data to be 
used on an hourly basis format. Typical meteorological 
file developed ISCST3 format is shown in Figure 2.

Figure 1.    RTPP location map.
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3.2 Modeling Process
The model was arranged to generate the pollutant ground 
level concentration ensuing from all the five stacks at all 
the grids enclosed by the receptor location. The model 
was then run by adding the steady state concentration 
contributions from every source at each receptor point in 
turn. The calculations were based on maximum 8 hour 
average concentrations, month wise from June 2012 to 
May 2013. It was implicit that the quantity of pollutant 
produced by every source was preserved, that is the 
model implicit that there would be no loss of pollutant 
between source and receptor. Other assumptions of the 
ISCST model include the emission conditions are steady 
state; emission inventories are not time dependent; 
emission sources will not interfere with each other; loss 
of pollutant due to atmospheric reactions, absorption 
are not considered; and the influence of different 
structures situated in the surrounding area of pollutant 
releasing sources has insignificant impact2. The typical 
ISCST3 program13 used to calculate the Ground level 
concentration is shown below:

3.3 Typical ISCST3 Input File
The typical input file for the Nitrogen Oxides (NOx) is 
represented in the Figure 3.

3.4 Model Output
The ISCST3 model output is provided with coordinates 
and respective concentrations. The Study area is 10,000 
m2, each receptor grid cart is 500 m2, and total numbers 
of receptor points are 41×41 = 1681. Ground level 
concentrations of every receptor point are obtained from 
the model output file, which are represented in Figure 4.

4.  �Spatial Distributions of 
Pollutant Concentration Levels

The isopleths given in Figures 5(a) to 16(b) were 
plotted using Golden Software Surfer version 8. In 
ISCST3 model these concentration contours are more 
significant in finding the spatial allocation of nitrogen 
oxides (NOx) over the Modeled region5. Certainly the 
contours of concentration could be used for the following 
determinations:
•	 It is feasible to decide the spatial and temporal 

areas for which the CPCB/WHO standard value of 
pollutant concentration level is reached or exceeded.

•	 By regulating the pollutant emission rates from 
definite sources, it is likely to use the ISCST model to 
find out those sources that have the maximum effect 

Figure 2.    Typical meteorological file.
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Figure 3.    Input file for NOX.

Figure 4.    Model output.



S. Anand Kumar Varma and K. R. Manjula

Vol 9 (37) | October 2016 | www.indjst.org Indian Journal of Science and Technology 5

in terms of air quality troubles in the highly sensitive 
locations of a region.

•	 It is feasible to study the best possible means of 
regulating pollutant emissions from the all major 
sources.

•	 The model can be applied to recommend the power 
project of the maximum emissions that could be 
tolerated without beyond the WHO standards when 
steady state meteorological conditions are predicted.

•	 The model can be employed to understand future 
scenarios that comprise the impacts of growing 
energy consumption per-capita, of increasing 
populations and if new power plant establishments, 
in addition to their most favorable setting2.

5.  Validation of ISCST3

Andhra Pradesh State Pollution Control Board (APPCB) 
established four Ambient Air Quality Monitoring Stations 
around the emission source point of the Rayalaseema 
Thermal Power Project. The coordinates of the monitoring 
stations are identified from the grid map; details were 
specified in the Table 1. 

Modeled output values are collected from the output 
files of the ISCST3 model; these values are not included 
with the background concentrations of the RTPP site. 
With reference to Environmental Impact Assessment 
report of RTPP site, a background concentration of NOX 
is 17 μg/m3 10. Predicted (P) values can be produced by 

(a) (b)
Figure 5.    (a) Isopleths of NOX in the vicinity of RTPP June 2012. (b) 3-Dimensional view of NOX dispersion 
in the vicinity of RTPP June 2012.

(a) (b)
Figure 6.    (a) Isopleths of NOX in the vicinity of RTPP July 2012. (b) 3-Dimensional view of NOX dispersion 
in the vicinity of RTPP July 2012.
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(a) (b)
Figure 8.    (a) Isopleths of NOX in the vicinity of RTPP September 2012. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP September 2012.

(a) (b)
Figure 7.    (a) Isopleths of NOX in the vicinity of RTPP August 2012. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP August 2012.

(a) (b)
Figure 9.    (a) Isopleths of NOX in the vicinity of RTPP October 2012. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP October 2012.
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(a) (b)
Figure 10.    (a) Isopleths of NOX in the vicinity of RTPP November 2012. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP November 2012.

(a) (b)
Figure 11.    (a) Isopleths of NOX in the vicinity of RTPP December 2012. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP December 2012.

(a) (b)
Figure 12.    (a) Isopleths of NOX in the vicinity of RTPP January 2013. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP January 2013.
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(a) (b)
Figure 13.    (a) Isopleths of NOX in the vicinity of RTPP February 2013. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP February 2013.

(a) (b)
Figure 14.    (a) Isopleths of NOX in the vicinity of RTPP March 2013. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP March 2013.

(a) (b)
Figure 15.    (a) Isopleths of NOX in the vicinity of RTPP April 2013. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP April 2013.
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(a) (b)
Figure 16.    (a) Isopleths of NOX in the vicinity of RTPP May 2013. (b) 3-Dimensional view of NOX 
dispersion in the vicinity of RTPP May 2013.

Table 1.    Details of source and monitoring stations in the study area
Source/Monitor-
ing Station

Location Latitude Longitude Coordinates
X Y

Source point ---- 14.7022 78.4564 0 0
AAQMS-1 Kalamala police 

station
14.7114 78.4690 1500 1000

AAQMS-2 Project hostel 14.7119 78.4642 1000 1000
AAQMS-3 Project guest 

house
14.7125 78.4542 -1000 1000

AAQMS-4 Weigh bridge 14.6954 78.4510 -1000 -1000
AAQMS-5 TXR Office 14.7005 78.4598 500 -500

Table 2.    Predicted and measured concentrations of NOX

Month and year Receptor points
AAQMS-1  

(Kalamala Village 
Police Station)

AAQMS-2 (Proj-
ect Hostel)

AAQMS-3 (Proj-
ect Guest House)

AAQMS-4 
(Weigh Bridge)

AAQMS-5 (TXR 
Office)

P M P M P M P M P O
June-2012 22 -- 18 21 17 20 17 22 17 25
July-2012 34 -- 34 28 17 26 17 21 18 26
August-2012 21 -- 18 21 17 22 17 22 17 21
September-2012 21 24 33 33 37 28 24 25 17 25
October-2012 31 37 23 25 19 21 41 37 17 25
November-2012 18 20 18 25 21 25 41 39 30 21
December-2012 31 33 23 24 21 22 35 35 17 22
January-2013 17 20 19 21 34 37 33 37 17 23
February-2013 18 20 26 23 35 35 17 20 17 21
March-2013 18 21 26 26 35 34 17 21 17 21
April-2013 22 28 34 29 35 40 19 22 17 25
May-2013 34 38 34 32 17 20 19 26 17 37
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adding the background concentrations to the modeled 
output concentrations11. APPCB provided the Measured 
(M) values from monitoring stations for the period 
of June-2012 to May-2013. Predicted and measured 
concentrations of NOX are presented in the Table 2.

The coefficient of determination, R2, is calculated for 
predicting concentrations from ISCST3 and measured 
values from all the Ambient Air Quality Monitoring 
Stations6. For the best curve fit R2must be 1. Table 3 
provides statistical performance measure of ISCST3 
model.

6.  Conclusions

This work represents the replication of nitrogen oxide 
dispersion from Rayalaseema Thermal Power Plant, 
and assessment between the predicted and measured 
concentrations at the RTPP site. Both measured and 
predicted data incorporated monthly NOX concentrations 
from June 2012 to May 2013. For all Ambient Air Quality 
Monitoring Stations, the predicted NOX concentrations 
were found to agree quantitatively well with the measured 
data. Our result represented the ISCST3 model can 
be operated for the dispersion of NOX concentration 
prediction with reasonable precision. This model can be 
operated for the prediction of other primary pollutants 
from any Thermal Power Plant to its vicinity.

7.  Acknowledgments

The authors would like to give special thanks to India 
Meteorological Department (IMD) and AAQMS for 
providing meteorological data and monitored pollutant 
data for the study.

8.  References
1.	 Tplesca A. Power losses and thermal analysis of power rec-

tifiers. Indian Journal Of Science and Technology. 2013 Jul; 
6(7).

2.	 Andretta M, Leonzio B, Lucialli P, Righi S. Application of 
the ISCST3 model to an industrial area: Comparison be-
tween predicted and observed concentrations. WIT Trans-
actions on Ecology and the Environment. WIT Press; 2006.

3.	 Bandyopadhyay A. Dispersion modeling in assessing air 
quality of industrial projects under the Indian regulatory 
regime. International Journal of Energy and Environment. 
2010; 1(1):97–112. 

4.	 Bandyopadhyay A. Prediction of ground level concentra-
tion of sulfur dioxide using ISCST3 model in the Manga-
lore industrial region of India. Clean Technologies and En-
vironmental Policy. 2009 Jun; 11(2):173–88. Springer. Co 
article 10.1007 2 s100 8-008-0188.

5.	 Derwent D. Evaluating the performance of air quality mod-
els issue; 2010 Jun. p. 3.

6.	 Jawad TS, Isakov VI, Jaso C. Air quality modeling of haz-
ardous pollutants: Current status and future directions. 
Journal of the Air and Waste Management. 2006 May; 
56(5):547–58.

7.	 Jeremy C. Air Pollution. 1st ed. UK: Spon Press; 2002. 
ISBN: 0-415-25565-1. 

8.	 Khamsimak P, Koonaphapdeelert S, Tippayawong N. Dis-
persion modeling of SO2 emissions from a lignite fired 
thermal power plant uses CALPUFF. Energy and Environ-
ment Research. 2012; 2(2). ISSN: 1927-0569. E-ISSN 1927-
0577. 

9.	 Krishna RTVBPS, Wate SR. Air quality modeling in envi-
ronmental impact assessment studies of different sectors; 
2013 Mar. p. 22.

10.	 Sastry CA. Environmental impact assessment report of 
RTPP; 1993.

11.	 Wahab SAA. Evaluation of the industrial source complex 
short-term model: Dispersion over terrain. Journal of 
the Air and Waste Management Association. 2004 Apr; 
54(4):396–408.

12.	 Wahab SAA. Modeling of Nitrogen Oxides (NOx) con-
centrations resulting from ships at berth. Journal of En-
vironmental Science and Health Part A. 2008 Nov 5; 
43(14):1706–16.

13.	 Wahab SAA. SO2 dispersion and monthly evaluation of the 
industrial source complex short-term (ISCST3) model at 
Mina Al-Fahal refinery, Sultanate of Oman”. Environmental 
Management. 2003 Mar; 31(2):276–91. 

Table 3.    Statistical performance measures of ISCST3 model
Parameter Monitoring station R2 Inference
NOX AAQMS-1 0.96 Strong positive correlation

AAQMS-2 0.77 Strong positive correlation
AAQMS-3 0.76 Strong positive correlation
AAQMS-4 0.94 Strong positive correlation
AAQMS-5 0.05 Weak correlation


