Ethiopian Journal of Environmental Studies & Management 15(5): 688 — 705, 2022
ISSN:1998-0507 doi: https://ejesm.org/doi/v15i5.11

Submitted: August 8, 2022 Accepted: October 7, 2022

MICROMETEOROLOGY, MIXING HEIGHT AND AIR POLLUTION SIMULATION IN A
WESTERN GHATS VALLEY, INDIA

KAMBLE, R.K.
Institution of Higher Learning, Research and Specialized Studies in Environmental
Science, Sardar Patel College, Chandrapur 442 402, India
E-mail: rahulkk41279 @yahoo.com

Abstract

The study was carried out with objectives to ascertain the micrometeorology, mixing height,
and air pollutants simulation in a Western Ghats valley of India. This valley area had number
of industries and a gas based combined cycle power plant (CCPP) of 4080 MW capacity is
also proposed. The wind speed and directions, ambient air temperature, and humidity were
assessed with the help of a weather monitoring station. The mixing height was estimated
with the help of minisonde system. The air pollutants simulation was assessed for complex
terrain (valley) with baseline data collection and impact assessment by Gaussian Dispersion
Model based Industrial Source Complex Version 3. During night time calm condition prevails
(99%), whereas; during 24 hours wind from north direction was the prevailing one followed
by north-west. Diurnal variation in mixing height was recorded with maximum (903 m)
during afternoon (2.30 pm). In case of sulphur dioxide (SO,) release from the proposed CCPP
the 24-hourly ground level concentration was 468 ug/m? whereas, for oxides of nitrogen
(NOyx) it was 281 ug/m3. Due to the prevailing micrometeorological and mixing height
conditions the pollutants from the proposed CCPP will get build up and may result into air
pollution episodes and photochemical smog formation. To prevent the build-up of air
pollutants increasing the stack height (>250 m) of CCPP and reducing the NOx concentration
in flue gas to 25 ppm, limitation/restriction of total design capacity of proposed project,
and optimize the different combinations of these options may be attempted.
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Introduction duration of release as well as the quantity

Meteorological parameters and air of the pollutant released are also
pollutants behaviour is governed by important.
topography of an area. The topography in The influence of hills upon winds
addition with meteorological parameters resulting changes in transportation and
decides the fate of air pollutants with diffusion of air pollutants depend on a
respect to dilution, dispersion and number of factors. Whether the source is
transportation. The location, height, and on windward or leeward of the hill or ridge
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is important. A smooth hill will alter the
flow least; one with sharp ridges will
cause more turbulent eddies to form. The
stability of atmosphere will affect the
influence of  hills. During stable
conditions, the wind will tend to flow
around the hill. Under unstable conditions
the tendency of air is to move over the
hills.

When a source is located upwind
(windward) of a hill, the pollutants may
come in contact at high concentration with
the facing slope, particularly under stable
conditions. If the ridge is quite rough,
induced turbulent may cause mixing down
to the slope even when the general flow is
over the ridge. For a source located
downwind (leeward) of a hill, lee eddies
generally cause considerable down wash
of the effluent near the source, turbulent
flow is induced by the hill side, diffusion
will be increased high concentration very
near the stack will result periodically due
to down wash.

Valleys tend to channel the general
wind flow along the valley axis. This
causes bidirectional wind frequency
distribution with diurnal variation. When
the general wind flow is light and skies are
clear, the difference is heating and cooling
of various portions of the valley floor and
side, slopes cause slight density and
pressure difference resulting in small
circulations. More dense air close to
surface tends to flow along slope (down
slope winds) and will tend to drain in the
valley floor (down valley winds). The
down valley winds deepen with time,
intensifying the radiation inversion. Any
pollutants that are emitted into the air will
have very limited vertical motion. On a
clear day with light wind, the heating of
valleys may cause upslope and up valley
wind is neither as frequent nor as strong as
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down slope, down valley winds.

Another factors influencing pollution is
climate, topography; mountains can
restrict horizontal spreading. Topography
plays an especially important role in the
case of deep narrow mountain valleys,
which are frequent sites of pollution
disaster. Solar heating and radiational
cooling influence local flows in terrain
situations. As the slope heats, air adjacent
to slope warms, its density is decreased
and air attempts to ascend. Near the top of
the slope, air trends to rise vertically.
Wind speed generally increases with
height. Wind speed also affects the travel
time from source to receptor; halving of
wind speed will double the travel time.

Literature review (Air Pollution in the
San Joaquin valley, Baumbach and Vogt
(1999), Collins and Scott (1993), Panday
(2006) and Pollution in the Po Valley)
revealed no study has been carried out in
the study area with respect to
micrometeorology, mixing height, and air
pollutants behaviour. Thus, this is the
identified gap in the study area. This study
objective was to assess the
micrometeorology, and mixing height in
the valley region and the simulation of the
air pollutants. The new evidence based
knowledge generated from the study will
assist in assessing the impact of air
pollutants from existing and proposed
industries, decision making for further
industrial expansion and land use
planning, furthermore, the measures to be
initiated to mitigate air pollution episodes.
Study Area

The Nagothane village (Latitude
18°33’N and Longitude 73°07°E, Figure
1) is situated in Roha tehsil, Raigarh
district of Maharashtra state in Western
India. The study area is a valley and
situated at the foothills of the adjacent
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Western Ghats range. The study area is
covered with undulated terrain including
rock outcrops, hill slope, natural
vegetation (forest) and rain water
drainages from hill slopes. The estuarine
zone of Amba River and Vadi-Nagothane
sections of National Highway (NH 17) as
well as Kokan Railway line are falling on
the East side at about 1-2km distance. The
topography of the study area is a valley
type complex terrain. There are few
industrial ~ sources; example Indian
Petroleum Corporation Limited, Supreme
Petrochemicals, Ispat Ltd. etc. existed
within the study area. The vehicular
emissions on National Highway and State

Highway, commercial activities in
Nagothane and domestic emissions in
surrounding villages are the prominent air
pollution sources in the study area. The
Nagothane town has population of 12549,
male population is 6520 and female
population is 6029 as per the Census 2011
data (Census of India, 2011). Nagothane
has a tropical climate. During summer the
ambient temperature varies from 30 to
38°C; whereas, in winter from 12 to 15°C.
Pre-monsoon showers begin in the first
week of June. Average annual rainfall is
3500 mm with heavy to very heavy
rainfall in July and August.
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Fig. 1: Study area
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Material and Methods
Digitization of Toposheet

The study area is identified at foot hills
of Western Ghats range, on western side
of Amba river (estuarine zone) near
Nagothane. The topography of the
surrounding impact zone is covered with
hilly terrain with ground elevations
varying from almost mean sea level to as
high as 540m above mean sea level (amsl)
in E, NE directions at about 12km distance
from study area. The Survey of India
toposheet (1:50,000 scale) has been used
to digitize terrain elevations. The area
covered for this purpose is about 26km x
26km. The receptors are identified at
250m x 250m square grid points with
corresponding ground elevations upto
Skm distance around proposed project
site, beyond which 500m x 500m square

grid receptors are considered for
prediction of ground level concentrations.
Micrometeorology

The micrometeorological data near
study area were recorded on continuous
basis during the study period using a
battery operated mechanical weather
monitoring station. Hourly averages of
wind speed, wind direction, ambient
temperature and relative humidity were
derived from continuous data. The prime
objective of these measurements was to
get prevailing winds concurrent to air
quality status. The hourly record of wind
speed and wind direction data during
study period were used for computing the
relative  percentage frequencies of
occurrence in 16 cardinal directions and 5
wind speed classes. These frequencies
were computed on 8 hourly as well as 24
hourly basis and the corresponding results
were used to draw windroses for 00-08
hrs, 08-16 hrs, and 16-24 hrs, and 00-24

691

hrs. The study was carried out in winter
season.
Mixing Height

The atmospheric mixing height at a
study area is one of the most important
micrometeorological parameters, which
have direct influence on dilution of air
pollutants. Mixing height is the thickness
of the atmospheric layer in which vertical
mixing is vigorous. The vertical extent of
mixing is primarily regulated by ambient
air temperature at ground level,
atmospheric stability/turbulence and wind
speed. The mixing height varies diurnally,
from season to season and it is also
affected by topographical features in the
impact zone. The mixing height is
generally minimum at late night (before
sun rise) and increases during the day time
reaching maximum in the afternoon hours.
The maximum mixing height shows,
seasonal variability with highest values
during summer and the lowest values in
winter. The mixing height at a given time
of the day can be estimated from the
ground level ambient temperature
together with vertical temperature profile
in the atmosphere above ground level.

A minisonde system (model 3003 of
Aero-Aqua Inc., Canada) has been used
for measurements of mixing height at
study area including diurnal variations.
The minisonde system employs a small
light weight sonde, which can be used for
measurement of vertical temperature
profile up to 4 km height in the
atmosphere by attaching it as payload to a
15 cm balloon filled with hydrogen, which
can lift the sonde at predetermined ascent
rate.  The minisonde flight package
consists of a balloon filled with hydrogen,
a battery operated temperature sensor and
signal transmitter assembly. Temperature
is measured continuously and transmitted



Ethiopian Journal of Environmental Studies and Management Volume 15 No.5, 2022

in the form of radio signals at 400-405
MHz frequency range and the ground
based receiving station receives these
signals through Yagi antenna. The model
3003 consist an electronic modulator to
process non-linearised frequency output
from the receiver into linearised signal.
The  modulator  produces  actual
temperature profile in engineering units
which is fed to personal computer through
the RS232 port to obtain real time ambient
temperature and potential temperature
profiles.

The mixing height using minisonde
was carried out during air quality
monitoring period. The flight packages
were released at the intervals of 3 hours
round the clock on each sampling day. The
ascent rate of flight package has been
fixed at 3 m/sec (180 m/min) through
appropriate hydrogen fill. The vertical
temperature profiles were continuously
recorded till the flight package reaches the
altitude of about 3900m above ground
level. These records were used to
determine mixing heights representative
at study area.
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Air Pollution Simulation

The existing status of the ambient air
quality within 10 km radial distance
around the study area has been monitored
through design of ambient air quality
monitoring network with regard to
topography, population, sensitive
locations, emission sources, background
concentrations and possible impact zones.
For this purpose 12 sampling locations
have been identified from the study area
(Figure 2). Twenty four hourly average

background concentration levels of
suspended particulate matter (SPM),
respirable particulate matter (RPM,

particle size < 10pum), sulphur dioxide
(807) and oxides of nitrogen (NOx) were
monitored. The high volume air sampler
with RPM separation facility was used for
ambient air quality monitoring. SPM and
RPM were analyzed by gravimetric
method for deriving concentrations at
each sampling site. The gaseous pollutants
(SO2 and NOx) were analysed using
standard wet chemical methods. The
carbon monoxide and hydrocarbons were
monitored through spot sampling and
respective instrumental analysis.



Micrometeorology, Mixing Height and Air Pollution Simulation............ Kamble

Fig. 2: Ambient air quality monitoring locations

The major industries existing within
the impact zone of the study area are
Vikram Ispat, Indian Petroleum
Corporation Limited, Nippon Denro,
Johnson tiles, Supreme Petrochemicals
etc. as well as some medium and small
scale industrial units in Maharashtra
Industrial Development Corporation area.
In this study area a gas based combined
cycle power plant (CCPP) with 4080 MW
capacity will be installed in future. To
assess the air pollutants simulation in this
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valley like study area a 10 km radial
distance impact zone has been assessed. In
this case the simulation of the air
pollutants through the proposed CCPP
with 12 stacks of 80 m height, flue gas
temperature of 373.4 K, flue gas velocity
20 m/s, stack top internal diameter 6.4 m,
oxides of nitrogen emission rate 48.35 g/s,
and oxides of sulphur emission rate 80.5
g/s 1s assessed. For this air pollutants
simulation a multiple point source
Gaussian Dispersion Model, applicable to
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industrial sources located on flat as well as
undulated terrain, i.e. Industrial Source
Complex (ISC) Version 3 model, has been
applied for prediction of impact on air
environment. The industrial source
complex-short term Version 3 (ISCST-3)
model has been developed to simulate the
effect of emissions from continuous point
sources on neighbourhood air quality. The
ISCST-3 model was adopted from the
USEPA guideline models and routinely
used as a regulatory tool to predict air
pollution impact from as high as 500 point
sources simultaneously and at 10,000
receptors. ISCST-3 is the latest available
model and extensively used for predicting
the Ground Level Concentrations (GLCs)
of conservative pollutants from point, area
and volume sources. The ISCST-3 is an
hour-by-hour steady state Gaussian
Dispersion Model.

The impact of primary air pollutants
are predicted using ISCST-3 model, which
has been selected keeping in view the
complex terrain (valley) around the study
area. This model is widely recognized as
predictive tool in impact assessment for
air environment. The Gaussian plume
dispersion formulae approved by the
Central Pollution Control Board, India has
been incorporated in this model to meet
the regulatory requirements in India. The
ISCST-3 model has been applied with
elevated terrain, gradual plume rise and
buoyancy induced dispersion options.
Since the topography of the impact zone
around the study area is covered with
undulated hilly terrain, the ISCST air
quality model has been used with complex
terrain option for air pollutants simulation.

In case of emergency due to non-
availability of natural gas by any reason,
the high speed diesel (HSD) is proposed as

694

standby/emergency fuel in the proposed
CCPP.

Such type of emergency operation will
be envisaged for a very short duration and
in any circumstances it will not continue
more than 3 days on each occasion. The
sulphur content of 0.25% weight in HSD
(as per current quality standards) has been
considered to estimate SO: emission
during emergency operation. The total
SO> emission during HSD usage is
estimated as 290 x 12 = 3480kg/hr. The
NOx emissions during emergency
operation with HSD would be marginally
higher than normal operation phase.
However, the occurrence of this situation
for entire project would be very rare.

An attempt has been carried out to
assess the cumulative ground level impact
of an air pollutant—-NOx emission from
total 12 stacks (multiple point sources)—in
the study area has been predicted in terms
of 24 hourly concentrations. The Ground
Level Concentrations (GLCs) were
predicted in the impact zone covering
26km x 26km square areas with the study
area at almost centre of the study area.
Total about 3900 receptors (at 250m x
250m and 500m x 500m square grids
points) were considered for prediction of
GLCs in this area.

Results and Discussion
Digitized Toposheet

The area covered for the digitization of
toposheet is about 26km x 26km. The
receptors are identified at 250m x 250m
square grid points with corresponding
ground elevations upto Skm distance
around the study area, beyond which
500m x 500m square grid receptors are
considered for prediction of ground level
concentrations. The digitized topography
of study area is shown in Figure 3. The
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study area 1is spread over about
3.5km in N-S direction and about 1 km in
E-W direction. The ground -elevation
within project premises itself vary from
about 9 m amsl to about 30 m amsl. The

ground elevations varying from almost
mean sea level to as high as 540m above
mean sea level in E, NE directions at about
12km distance from the study area.
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Fig. 3: Digitized topography of study area

The digital terrain analysis of Assam-
Meghalaya foothills in Kamrup district,
Assam, India shows the altitude of the
study area varies between 42 and 1124m
(Borpujari and Bora, 2021). On
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comparison of the results from the study
area the valley area altitude was lesser.
Micrometeorology

The 8 hourly windroses during the
study period in winter season shows
predominantly calm condition. Significant
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(> 65%) calm conditions were observed
during study period. In the remaining
time, the predominant wind directions
were observed from W, NW and N
directions, with dominant wind speed
class of 1-5 kilometres per hour (kmph).
During day time (08-16 hrs) and evening
hours (16-24 hrs) there was no significant
diurnal variation in wind directions.
During night time it was purely calm
condition while during day time, wind
speed was recorded mostly in the range of
1-10kmph. The calm condition varied

00 - 08 hrs.

1 I

] 08 - 16 hrs.

[

B.6%
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16 - 24 hrs.
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Legend - @ 15 B
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Fig. 4: Windroses from the study area

According to Schmid et al. (2020) the
diurnal valley winds in a deep Alpine
valley pattern undergoes significant
changes during the course of the year.
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from 35.8% to 99% (8 hourly) with an
average of 66.3% (00-24 hrs) of time
during the study period. The channeling
effect on wind flow was observed near the
study area as it is located at the foothills of
Western Ghats (wide valley along course
of Amba river). The daily minimum
temperature varied between 14°C and
22.5°C while the maximum temperature
varied between 22°C and 33.5°C during
study period. The relative humidity was
observed in the range of 60-85%.

Particularly during the warm-weather
months of May through to September, a
low-level wind maximum occurs, where
mean maximum up-valley velocities of 8—
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10ms™" are found between 15-16 UTC at
altitudes around 200m AGL. In addition,
during nighttime, a down-valley jet with
maximum wind speeds of 4-8ms™! around
Ikm AGL is found.

Mixing Height

The mixing height study using
minisonde was carried out during air
quality monitoring period (winter season).
The flight packages were released at an
interval of 3 hours round the clock on each
sampling day. The ascent rate of flight
package has been fixed at 3m/sec
(180m/min) through appropriate hydrogen
fill. The vertical temperature profiles were
continuously recorded till the flight
package reaches the altitude of about 3900
m above ground level. These records were
used to determine mixing heights
representative in the study area. The
average diurnal variations in local mixing
heights in the study period are presented
in Figure 5. During the study period the
maximum mixing height was recorded as
903m in the afternoon hours (2.30 pm),
while the diurnal variation indicates even
the ground based inversion up to the
height of about 500m above ground level,
i.e. nil mixing height during night time
(11.30 pm and 2.30 am) to early morning
(5.30 am) hours.

The maximum mixing height of 903 m
above ground level indicated the presence
of mechanical and thermal turbulence.
This shows vertical diffusion of air
pollutants hence, ground level
concentration of air pollutants will be
minimum in the afternoon by virtue of
dilution, dispersion and transportation in
the lower atmosphere - the troposphere.
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Thus, air pollutants which were released
during daytime will get completely mixed
up by mechanical and thermal turbulence
into the volume of air available for them
in the lower atmosphere in the afternoon
hours.

A diurnal variation in mixing height
from the study area was recorded during
sampling period in a rural background. At
8.30 am, a stable layer was recorded. In
this stable layer temperature starts to
decline slowly into the lower atmosphere.
This decline in temperature was due to
radiative cooling of ground surface and
formation of a cool layer adjacent to it. In
this stable layer mechanical and thermal
turbulence  was  insignificant.  The
incoming solar radiation during morning
hours causes thermal heating of the
ground surface. As day progresses
incoming solar radiation heats up the
ground surface and leads to the formation
of convective currents, which is another
form of turbulence, leads to breakdown of
ground based inversion which was formed
at night. At 11.30 am, a mixing height of
383m above ground level was recorded.
Due to incoming solar radiation, ground
surface got heated up and leads to the
formation of mechanical and thermal
turbulence and thus to mixing height. The
maximum mixing height of 903m above
ground level was recorded at afternoon
(2.30 pm) when ground surface become
completely heated up by incoming solar

radiation. Daytime mixing height
increased with increased heating of
ground surface by incoming solar

radiation and was maximum in afternoon.
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Fig. 5: Mixing height observations in study area

Mixing height start to recede towards
evening hours as intensity of incoming
solar radiation ebb. At 5.30 pm, a stable
layer was recorded. As in winter season
duration of day is shorter and thus
incoming solar radiation, so this stable
layer was recorded at late afternoon hour.
At late evening (8.30 pm), when there was
no incoming solar radiation an isothermal
layer above ground level was recorded.
During daytime, solar radiation heated up
the ground surface and thus even after sun
set, thermal radiation continuously gets
emitted from it and as a result of which
even at late evening hours (after sun set)
such an isothermal layer was recorded. In
this layer temperature remains more or
less steady with height. In this condition
the ambient lapse rate was zero, and the
atmosphere was stable. At late night
(11.30 pm and 2.30 am) and early morning
(5.30 am) hours ground based inversion
was recorded. An inversion can form from
the collision of warm air masses (warm
front) with a cold air mass (cold front).
The warm air mass overrides the cold air
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mass in the frontal area, producing the
inversion (Manahan, 2000). In this case air
movement ceases, stagnation occurs, with
a resultant build up of atmospheric
pollutants in localized regions. During
night time when ground surface started to
cool down by radiating thermal radiation,
the surface adjoining to ground level was
experiencing a higher temperature than
the ground surface. As a result of which,
ambient air temperature in the vicinity of
ground surface was higher than the air
layer above it. This resulted in increased
in temperature of air and thus leads to
ground based temperature inversion
(increase in temperature with respect to
altitude). This phenomenon continued till
early morning by the time ground level got
completely cooled down by radiating
thermal radiation. Hence, no mixing
height was recorded from late night till
early morning hours. Inversions are stable
and tend to prevent mixing of air
pollutants with air above it. In rural areas
at night mixing heights are absent
(Padmanabha-Murty, 2009). Temperature
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inversion indicated absence of mechanical
or thermal turbulence in that particular
area, and no volume of air was available
for dilution, dispersion and transportation
of air pollutants. In temperature inversion
condition, if a stack height is below the
inversion layer then air pollutants will get
trapped below this layer. The incoming
solar radiation in this area may trigger the
possibility of formation of secondary air
pollutants and photochemical smog.
Formation of such types of conditions will
be more in winter season as compared to
summer season, as minimum mixing
heights are recorded in winter season as
compared to summer season.

Seasonal variations in mixing height
are also observed and maximum mixing
heights are observed in summer than in
winter season. Mixing heights are highest
in summer and lowest in monsoon season.
They increased in the post monsoon
season to lower again in winter but winter
magnitudes are still higher than monsoon
season  (Padmanabha-Murty, 2009).
Maximum mixing height of 1650 meters
above ground level was observed in Dehra
village, Ghaziabad district in Uttar
Pradesh during summer (Kamble, 2012).

The influence of topography and
surface heterogeneity on the structure of
the atmospheric boundary layer and
development of flow regimes near the
surface that is relevant for the transport of
heat and pollutants have been reported by
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Zeeman et al. (2022). The topography of
the study area and mixing height
observations may contribute to the air
pollutant build-up.
Air Pollution Simulation

The ambient air quality status observed
(in the form of 24 hourly concentrations)
during winter season is presented in Table
1. The average concentrations of SPM at
different locations varied between 119 and
239ug/m® during the study period. The
98th percentile values of SPM ranged
between 144 and 408ug/m® during study
period. The 24 hourly average
concentrations of RPM varied between 41
and 117pg/m® while the 98th percentile
values ranged between 58 and 179ug/m?.
The average concentrations of 24 hourly
SO; at individual locations varied from 3
to 16pg/m® and the 98th percentile values
of SO» were recorded in the range of 6 to
27ug/m®. The mean concentrations of
NOx at all locations varied between 5 and
20ug/m’; whereas the 98th percentiles of
24 hourly NOx were recorded in the range
of 8-44ug/m>. The cumulative percentile
levels of SOz and NOx show that 98th
percentile concentrations of SO and NOx
(baseline status) were well within the
stipulated Indian National Ambient Air
Quality Standards (NAAQS) (80ug/m?)
for industrial, residential, rural and other
areas at all the sampling locations during
the study period.



Table 1: Ambient air quality status

Unit : pg/m’ Sampling Duration : 24 hrs
Sampling Height above Direction Aerial distance SPM RPM SO; NOx
location ground level approx. (km)
(m) w. 1. t. study area Average * Standard Deviation (Range)
Kuhire 3 - Northern part of 180+56 117437 342 14+11
study area (79-270) (51-176) (2-11) (2-42)
Vadvani 3 - Southern part of 132+ 59 6025 343 743
study area (61-282) (24-98) (2-14) (3-13)
Kadsure 4 - Adjacent to study 16955 109+ 36 343 10£11
area (mid East) (87-267) (60-174) (2-15) (2-40)
Gandhe 3 NNW 55 199152 70£18 3+1 10£5
(112-298) (39-104) (2-6) (3-18)
Bendse 3 N 3.0 193111 93149 3+2 15£13
(42-332) (22-186) (2-10) (2-37)
Nagothane 7 ESE 4.0 191140 61t14 343 20£17
(121-308) 36-97) (2-11) (2-406)
Warvatane 3 SE 4.5 164164 85131 413 18£11
(73-277) (36-139) (2-10) (7-45)
Patansai 4 ESE 6.5 169165 51£20 5+5 11£7
(93-277) (28-83) (2-18) (2-22)
Balsai 3 SE 8.0 201498 60129 3+1 10£11
(102-393) (31-118) (2-6) (2-28)
Amdoshi 3 SE 6.5 239444 72£13 16x10 613
(174-298) (52-89) (2-28) (2-10)
Bhise 3 S 7.5 229437 5119 5+5 1718
(161-290) (27-87) (2-11) (4-38)
Medha 3 S 8.0 119123 41%7 3+2 5+2
(92-146) (33-58) (2-6) 3-9)
NAAQS (2009) No standard 100 pg/m? 80 ug/m? 80 ug/m?

SPM = Suspended Particulate Matter, RPM = Respirable Particulate Matter, NAAQS = National Ambient Air Quality Standard
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The three hourly total hydrocarbon
concentrations at all sampling locations
have been observed in the range of 0.7-2.4
ppm out of which, the non-methane
hydrocarbons are in the range of 0.1-1.1
ppm in ambient air of impact zone during
study period. The carbon monoxide (CO)
was not detectable at most of the sampling
locations in villages, however along the
national highway (NH 17) in Nagothane
town as well as state highways (SH 86 and
SH 92) the spot CO concentrations were
recorded in the range of 1.1-2.3mg/m>.
The baseline status of ambient air quality

w.r.t. all gaseous pollutants, was observed
well within the prescribed NAAQS
around the study area during the study
period.

The simulation of 24 hourly ground
level concentrations (GLCs) of SO; from
the proposed CCPP is presented in the
form of concentration isopleths in Figure
6. As per the simulation result, the
maximum impact of SO, during winter
season would be 468 pg/m® (24 hours
average) expected to occur between 3.0 to
3.5 km downwind distance in S direction.

1OPOQ R 5(‘)00‘ . 9 ‘ 50‘00 ‘ ‘10900 ‘ ‘15(‘)00
- “Isopleth Conc. Units: pg/mé ~ ~ -
10000—- -24 Hrs. Maximum-GLC: 468 pg/m3- - - - - - - - - - - - - e - -—=10000

410000

L 5000

-5000

-1000¢

1500¢

115000 *5000 0

East-West Distance (m)->

] ] Y
5000 70000 ~ 15000

Fig. 6: Simulation of ground level concentrations of SO (Emergency operation)
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The simulation of 24 hourly ground
level concentrations of NOx from all 12
stacks of the proposed CCPP during
normal operation mode in winter season is
depicted in Figure 7. From Figure 7, it is
obvious that during winter season, the
maximum impact of NOx from the
proposed CCPP is predicted as 281 pug/m?
at about 3 km downwind distance in S
direction, which would be corresponding

to the given emission rates and the stack
details. The simulated NOyx impact from
the proposed CCPP (4080 MW) would be
significant and exceeding the prescribed
NAAQS for industrial area (80 ug/m?).
This  increase in  ground level
concentrations of NOx could be attributed
to surrounding hilly terrain conditions
leading to limited dispersion of air
pollutant (NOx) in the study area.

‘1 0(‘)00‘

10000

BOOO-- - - o e oo B0 - Sae%

-10000

5000

AAAAAAAAAAAAAAAAAAAAAAA _5000

110000

-1500

0
Fig. 7: Simulation of ground level concentrations of NOx (Normal operation)

To maintain the maximum ground level
concentration of NOx within the
prescribed NAAQ standard (industrial
area, 80ug/m*) during normal operation of
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the proposed CCPP the option of
increasing stack height, leading to better
dispersion of air pollutants, has been
attempted. The simulated maximum
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GLCs of NOx (24 hourly average)
corresponding to different stack heights
are given in Table 2. According to these
simulation results, the stacks of 250m
height shall be required as per the given
emission details and topography around

Table 2: Simulated NOx impact

the study area. The maximum GLCs with
stack height of 250 m will be 79ug/m? at -
500 E-W co-ordinate and -5000 N-S co-
ordinate at ground elevation of 360 m
amsl.

{Total capacity=4080 MW, Stack top internal diameter=6.4 m, Flue gas velocity=20

m/sec,

Flue gas temperature=100.4°C, Emission rate=48.35 g/sec (50ppm)}

Average Time: 24 hrs.

Stack Maximum GLCs Max. GLC Receptors
height (ug/m?) E-W N-S Ground
(m) co-ordinate co-ordinate elevation
(m) (m) (m)
80 281 1000 -3250 200
100 222 1250 -3750 260
150 176 1250 -3750 260
200 94 -500 -4750 320
225 85 -500 -5000 360
250 79 -500 -5000 360
275 78 -750 -5000 405

Baumbach and Vogt (1999) reported
during stable weather conditions with low
wind speeds, the polluted air masses
which flow into the Black Forest during
the day are transported back to Freiburg
with the mountain wind, so that there is no
fresh air supply. In the study area, due to
calm condition the pollutant build-up due
to proposed CCPP may occur resulting
into potential air pollution air pollution
episodes in future. Influence of local air
flow regimes in the ozone content of
Pyrenean valleys shows that mean ozone
concentration increases with height
(Ezcurra et al., 2013). San Joaquin Valley
accounts for the second worst air quality
region in the United States. The mountain
ranges trap pollution where an inversion
layer forms which keep air contaminants
confined and in higher concentrations
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especially on warm and hot summer days
(Air Pollution in the San Joaquin Valley).
The findings are in agreement with the
results reported in the study. According to
Collins and Scott (1993) use of fossil fuels
at an elevated, tropical, mountain-rimmed
basin generates pollution levels that
exceed recommended standards. The use
of high speed diesel during emergency
operation from the proposed CCPP will
result into elevated ground level
concentrations which is about six fold
higher than the stipulated standard. The
diurnal cycle of air pollution in the
Kathmandu valley, Nepal revealed on
mountain at night, ozone remained high,
while carbon monoxide dropped to
regional background levels. At night
pollutants remained within the valley
except near the river outlet. They lifted off
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the ground at night and re-circulated in the
morning (Panday, 2006). In the study area,
diurnal variation in the mixing height
results into dilution, dispersion and
transportation of air pollutants during day
time, however, during night time due to
ground based inversion these pollutants
gets build-up and may result into air
pollution episodes in winter season in
future. Pollution in the Po Valley, Italy is
at the first place in Europe as regards the
number of deaths caused by nitrogen
dioxide (20,500 victims), and ozone
(3200), and at second place (after
Germany) as regards deaths due to PM2 s
pollutants (60,600). In 2015 the exposure
to particulate caused the premature death
of 4,22,000 people (Pollution in the Po
Valley). Due to accumulation of air
pollutants in the study area in winter and
prevailing meteorological  conditions
(calm condition and ground based
innovation at night) for prolong period of
time after commissioning of the proposed
CCPP may pose a threat to inhabitants of
the study area. Chronic exposure to these
air pollutants may result into adverse
health impacts and long term exposure
may even lead to the death.

Conclusion

The study describes the
micrometeorology, mixing height and air
pollutant behaviour from a valley in the
Western Ghats of India. The valley type
topography results in the restricted air
movement leading to calm conditions
during night. This will result in the build-
up of air pollutants and potential air
pollution episode location in winter
season. The low vertical mixing height
and low horizontal wind speed and more
stable atmospheric layers in winter season
restrict the dilution of the air pollutants.
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The baseline air quality gets deteriorates
due to emergency operation of non
availability of sweet natural gas in the
proposed CCPP. Thus, it can be stated that
this proposed CCPP is not appropriate in
the existing valley type topography area
and need to be relocated in another area
with flat terrain. The proposed CCPP in
the valley area will build up the air
pollutants which will pose a significant
threat to the health of the inhabitants and
livestock of the study area. Suitable
scientific and technological interventions
need to be initiated in future to prevent the
build up of air pollutants. Furthermore,
industrial zoning criteria need to be
adopted to reduce the pressure in the study
area. Future studies are required
pertaining to carrying capacity of the
study area to ascertain the air pollution
dilution, dispersion and transportation
ability.
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