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Abstract. In the present paper, using a modified computeedai@aussian dispersion
model, simulation of SPM and $@as been exercised in and around the coal washery
complexes, which are situated at the banks of Dam&iver, which flowing through
Dhanbad District of Jharkhand State. The isoplethair quality parameters, SPM and
SO, have been presented in order to visualize thesdiggn pattern of the air pollutants

in and around coal washery complexes. The presentet®l will be a pioneer work for
the environmental researchers, engineers, polidersaand protection agencies to assess
the impact of industrial activities in coal minirsgeason the ambient air quality and
valuable receptors such as civil structures, feord fauna.
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1. Introduction

The impacts of air pollution, in particular the paeded particulate maters are
considerably severe in and around a coal washemplex. The dust is generated
significantly due to different operational unitschuas screening, crushing, loading &
unloading, exposed piles and stock yards, thermgrd and the dropping points of
conveyer belts etc. The particulate maters gergrdteing its operations are being
transported by wind in downwind direction and disgeboth horizontally and vertically.

Further the pollutants have an adverse impact emtilidings, plants and other valuable
receptors [1]. As a result, the whole eco-systedistirbed and the fertility status of the
soil around the coal washery complex is signifigashanges with unpleasant impacts
[2]. Therefore it is very much warranted to estienéte emission of air quality from

different sources of coal washery complexes usuitalsle statistical approach. Further
the air quality in and around coal washery commekas to be predicted using an
appropriate air quality dispersion model, develofardmnulti-sources like elevated point
source, area source, ground level point sourcdia@dource taking the terrain elevation
factor and the effect of temperature variance aatwount.

Much attention has been paid to develop mathenatiodels for simulating the suitable

flow-sheets on the basis of the characterizatienctbal received from the nearby mines
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for preparing coals for the indented use in ordeintrease the production of coal with
intended to meet the fast growing demand of theggndJnfortunately less focus has
been made for simulating the environmental impast¢ to coal preparation plants.
Simulation of environmental scenario in and aroopdl washery complexes may help
the industry in planning and implementing the coinstrategies for protecting the
surrounding from the adverse impact. The presesgareh work contributes towards
Environmental Management Plan (EMP) through aitytioin impact assessment using
computer aided mathematical models.

2. Methodology

Study Domain

Three windows covering the river course have bemsidered for the present study and
the total area of the three study windows is ad®@& 8 kni. The location of the study

area has been shownhig.1l. The geographical boundary of the study area 18%230"

to 2345'00" N latitude and 8&5'00" to 8830'00". E longitude. The chosen study
window containing seven coal washeries and riveteh of length about 38 km, which

has been divided into three sub-windows in ordezaioy out the study over the impact
of coal washeries on the environment using thegmteshodels. The river stretch starts
from the outfall point of Mahudah Coal Washery be tconfluence point of Damodar

river and Govai river, which carries the effluends Bhojudih Coal Washery and

Santhaldih Thermal Power Station to the Damodae fiver stretch, which has been
considered for the present study is just, locatatieabottom of the Jhariah coalfields in
southern side.

Mathematical Models

When pollutants are emitted into the atmospherey tare immediately diluted,
transported and mixed with the surrounding air. Tole of air quality modeling is to
represent these processes mathematically.Dispersmtels are formulated from the
fundamental differential equations governing thenaemtrations of pollutant species.
Dispersion models are more appropriate for theiptied of air quality because the
models consider the point-by-point transport, disjpm, generation and removal of
pollutant species and provide for spatial and tewrpeariation of those processes.The
first step is to construct the basic mathematicplations upon which the models are
founded. Consider the small control volume. If veswane the control volume can occur
by transport and mass balance for spegienay be expressed as follows [3-5].

0 . 0 _ d _
S5 (vC j ) + e (C j U dydz)dx + o (C i U dzdx)dy + 57 (C j U dxdy)dz
5 6Cj 5 6Cj 5 6Cj
T3 (DXdZdy.W )dx — 3y (Dydde'Ty )dy - 5z (Dzdxdy.W )dz - Qj dxdydz= 0 (]_)

where V = the volume of the control volume {m
u = theaveragevonvectie velocityin thex - direction(m/s)

V = the averagecvonvectiv e velocity in the y - direction (m/s)

C;= the concentration of pollutant species (kg) m
D,= the turbulent mixing coefficient associated wifik x-direction (rfi/s)

w = theaveragevonvectie velocityin thez - direction(m/s)
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D,= the turbulent mixing coefficient associated wifie y-direction (rh/s)

D,= the turbulent mixing coefficient associated ik z-direction (r/s)

@;= a local term for the creation or removal of ptht species j (kg/s/in

8; S(uc)+ (vc FC >——( x SXJ)——( - 5‘)——( . j>—fzs,:o (2)

Now, if we recognlze the\t = dx dydz, the above equation can be simplified as follows.
Further, if we consider the mixing coefficien8,, D, and D, to be approximately
constants at a given time and location and alse@ifipply the continuity equation for an
incompressible fluid,

ou Sv ow

— +—+—— =0, thenit reducesto the basicdispersionequationas follows.
d X 6y 0z

sc; oc, oc, oc.  s%c. &%, s2c

it Pl Il g I i iy g -

o s P 5x2 Py oy2 )=bz 522 )-0;=0 ©)

Gaussian models are constructed by applicatioheofdllowing assumptions to the basic
dispersion equation.

(a) In steady state condition, it is assumed %I%% =0 , i.e., the concentration of

pollutant at a given point P(x,y,z) in space isatant.

(b) It is assumed that the wind speed u is takaméderm in space and invariant in time,
and vyw=0

5C . s2C.
| <D .= J

37X

direction, i.e., in x-direction, the concentratiaf pollutant is controlled by
convection.

Application of the above assumptions (1) reduces the following form.

(c) It is assumed thatu . when the pollutant is transported in wind

3G _ ¥y
U— =D,—+tD,—+ CDI' =0
8x 522 5%
—— - 7 Generatlmamovaérm
Convectignm Dispersitzmm

The above equation consists of a convection terrigpedsion terms and
generation/removal term. The concentrati@) (at a point X,y,z) downwind of the
source depend upon the concentration of the spégiegind transport, the lateral and
vertical speed of species by turbulent disperséom the generation or removal of the
species by chemical reaction. The above second diffierential equation may be solved
if the following additional assumptions are applied
(a) The concentration in they planes follows a Gaussian (normal) distribution in
each of the two dimensions.
(b) The pollutant species j is omitted from the sowtea uniform rateQ;.
(c) The generation or removal of species within thevffeeld is zero, (i.e., non-
creating field).
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Applying such assumptions to the above equatior;ameget the following equation with
polar coordinate system, which is known as Gaugdisppersion model, depicted here by
the following equation for a point source.

1 rsn% n?
T2 .2 52
cjeom=m e LV (4)
211 Gycz
where r = distance from the point to the origin (m)

0 = angle of the line joining the point and the origvith the positive
direction of x-axis (degree)
h = height from the surface (m)
C;= concentration of species j at the poinB(rh) (g/sec)
Q;= emission rate of the species j (g/sec)
0 = average wind speed (m/sec)
o, 0,= Gaussian dispersion coefficients for horizontald avertical
directions
Gaussian Dispersion model is nothing but the nodistibutive function of the
pollutants along the down wind direction (positksaxis) and normally distributed along
the y-axis having its peak gt0. The Gaussian plume equations have been presfente
various types of sources located at the point ssmted by the polar coordinate system
(r,8) wherer is the distance of the point from the origin &g the angle of line joining
the point and the origin with the positive direatiof x-axis.

Elevated point source:For a source elevated a distance H above grourgl, léwe
Gaussian plume geometry and the plume equatioesepted as follows:

1 rsin20

-= +
Q; 2| o 2
citron=-——1 e y
21

UJyJZ

(h-H)2  (h+H)?

2
9

92

} ®)
where
r = distance from the point to the origin (m)
0 = angle of the line joining the point and the origith the positive direction of x-axis
(degree)
h = height from the surface (m)
C; = concentration of species j at the point (x,)y(g¢sec)
Q; = emission rate of the species j (g/sec)
0 = average wind speed (m/sec)
H = effective plume height (m)
o, 0~ Gaussian dispersion coefficients for horizontal gertical directions

In plume geometry of an elevated point source plhene dispersion is assumed
to be begun from the plume centerline. The Gauddiigirersion model for the elevated
point source is denoted agsfGr convenient in the present study.
Ground-level point source: For a source at ground level with perfect reflettithe
Gaussian plume dispersion and the plume equatipresented as follows:
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Q. 2 2 2
C; (hoM=— i % 2 (6)

I1a Gy o,

where r= distance from the point to the origin (m)
0= angle of the line joining the point and the amigiith the positive
direction of x-axis (degree)
h = height from the surface (m)
C;= concentration of species j at the poin®(rh) (g/sec)
Q; = emission rate of the species j (g/sec)
0 = average wind speed (m/sec)
o, 0~ Gaussian dispersion coefficients for horizoatad vertical
directions
The Gaussian dispersion model for the ground lpe&ht source is denoted ag r
convenient in the present study
Line source: For a line source the Gaussian plume dispersioritangdlume equation is
presented as follows:

h2
2Q./L 202
. _ J a
Cj(r,8,h) —\/2—1_[70626 z (7)

where r = distance from the point to the origin (m)

0 = angle of the line joining the point and the origvith the positive

direction of x-axis (degree)

h = height from the surface (m)

C; = concentration of species j at the point (x,)y(gZsec)

Q = emission rate of the line source per unit ler{gtbec)

0 = average wing speed (m/sec)

L = Length of the line source (m)

o= Gaussian dispersion coefficients for verticatdiions
The Gaussian dispersion model for the line sowsaehoted a€ for convenient in the
present study.
Area source: The area source can be assumed as a finite nurhlmird source by
dividing into finite number of grids by taking tlgeid size as small as possible. Each grid
is assumed as a point source. Once the emissitimecdir pollutants per unit area is
computed, the emission from each grid can be ctled] as it is directly proportional to
the area of the source falls within the grid coesid. Here the location of each grid
source is assumed as the center of the grid. This<@m dispersion model for the area
source is denoted &% for convenient in the present study.

Effect of temperature

The temperature varies with respect to the terel#vation. Such a variation in
temperature alters the selection of stability classthe mixing of pollutants in the
atmosphere is influenced in reducing the conceatratith the increase in temperature.
When the mean sea level increases the temperatareages in a study area with certain
fixed boundary that satisfy a certain boundary dod If T.is the reference temperature
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at known mean sea levall, then the unknown temperaturé,) at the known and
varying mean sea leveM() can be related with the following localized edomatto use
only within the area, which has the constant teipee at the same mean sea level but at
varying locations.

M
_ M X
=T e (8)

where k is the constant, which can be calculated by takivgy average values &f
calculated for different known values of mean sl and corresponding temperature at
different place in the study area. The temperahae significant influence on the
concentration of the air quality. When the tempewtincreases the air molecules
becomes light and has the tendency to go upwards sanultaneously, the plume
geometry is being altered by increasing the voluik®.a result, the concentration is
diluted significantly. It is very complex to estiteathe volume of the plume geometry.
However, mathematically we can correlate the dilutencentration with respect the
increase or decrease in temperature. Let cfy, bE the concentration when the
temperature was, Bt the reference point and let c(%) e the predicted concentration
after the traveling to the point, x by the contvolume in the downwind direction with
the same temperatureg. Tf the temperature changes with respect to thannsea level
variation after traveling to the point, x intg, then the concentration C(x,)Tmay be

estimated as
-
r
ul | =L |
[[ij }

Cix,Ty)=C(rT, ) e 9)

whereu is the empirical coefficient and this can be eated through the experiments
conducted at different locations of the study asdang the wind axis and then
substituting the known temperatures, concentratiand the average value ptan be
calculated. The exponential value in the secondl gfathe above equation is known as
dilution factor of the concentration due to inceeas temperature. For example,
Assuming the temperatur€=47 at the point located at 300ft mean sea level, the
temperature profile has been plotted for the meanlevel varies from 200 to 400 using
the empirical model developed for interpolating temperature for unknown locations
within a local study area.

Effect of terrain elevation

In the hilly or elevated terrain, the plume axidlwiot be a straight line. As the wind

follows the terrain elevation while blowing, theupie axis will be parallel to the terrain

surface. The terrain elevation has the impact an dispersion phenomena of the
pollutants in the atmosphere. The variation ingpamt distance alters the stability class
and dispersion coefficients. When the wind blowspanticular direction, generally the

wind path of volumetric element of the air is phalato the topographical elevation.

When the mean sea level from the particular pointtbe terrain increases, the
temperature decreases. Therefore, there is a neleddrporate these parameters while
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carrying out the study over the dispersion of allytants in and around the industrial
complex located in the terrain with significantlgrying elevations.

The terrain PQRST in the wind direction has vary@hgvation. The wind path is
just parallel to the terrain PQRST. Since the gdolavel air quality is usually predicted
at 6 m height from the ground level. The wind paitl® m from the ground level may be
assumed approximately equal to the length of PQR3iErefore, the actual distance
traveled by the pollutant species fromto x,in the wind direction may be calculated
using the following formula.

n
A{( x5 )., ,y)}:_zlJ(xi X245 -7 _y)2 (10)
| =

where  Ko,Yy) = reference point
(Xn,Y) = point for which the air quality to be predicted
Z = the vertical axis representing the mean sea level
d{(x%o,Y), (Xo,y)}=distance betweer, andx, atb

Dispersion coefficients

The present model require information on the vabfehe dispersion coefficients, and
0., and also the variation of these coefficients wvetinospheric stability classes, wind
speed, wind speed and down wind distance. Althaughy experiments haven made by
the researchers to compile different setygndao, as a result of verity of investigations,
the dispersion coefficients compiled by Pasquil &iffbrd based on their experiment are
shown infig.2and are widely used by the environmental engineArsattempt has been
made to develop empirical models for the grounckllesource for different stability
classes according to the meteorological conditibnthe study area on the basic
experimental data compiled by Pasquil and Giffoftle stability classes have been
classified as A,B,C,D,E and F. Class A is the nuostable and class F is the most stable.
For evaluations, the neutral class-D is most ofteed. By using the wind directions and
wind speed given in wind-rose diagram givefiign3 for both summer and winter and the
two dimensional analytical geometrical techniquessented infig.4 to exclude the
ineffective sources of pollutants, the air qualigs been predicted.

Computer-Aided Model

The air quality dispersion model is obtained far thulti-industrial source complex, hilly
terrain and valle. The model has been derived erb#sic concept of Gausian dispersion
models discussed above, which was later made nfi@etiee by Turner. The sources of
the air pollution may be categorised as Groud I@@ht source G), Elevated point
source E), Area sourceA) and Line sourcel().

n
C(xy,z)= i=_zll (xi i )J(eag,l) [Ce+Ca+Cg +G ] (11)
1=

In the above equation, the index function takee taiinclude the source to compute the
concentration if it is located in the upwind diieat otherwise it will exclude the impact
of the source. Moreover, the index variablg g andl of the operatod have the value
either 1(it the concerned source is present) @ the concerned source is not present)
and the operata¥(g,e,al) operates asd(ea,g,l) (Cc+Co+Cy+C)) = e.Gta.Co+9.Cytl.Cy,
whereC, C, Cy andCjare the Gaussian dispersion models for the resgestiurces,
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viz., ground level point source, elevated pointreeparea source and line source. In the

present model, the following influencing parameteasd techniques have been

incorporated using suitable mathematical tools.

» Sign of the perpendicular distance from sourceh® normal line of wind axis
passing through the prediction point in order tcdude or exclude the effective and
non-effective sources.

» Transport distance of the control volume alongwlired direction over the elevated
terrain elevation

» Influence of temperature variation on the transpértontrol volume due to terrain
elevation factor

e Support of empirical models correlating the emissiactors of the air pollutants
from fourteen sources with the emission influencipgrameters like moisture
content, silt content, wind speed and other magmeddent parameters.

The above discussed mathematical models were dpgdle the prediction of

environmental parameters for both water and airrenment. The Computer-Aided

Gaussian Plume Modeling was carried out using theg@ill-Gifford coefficients for

both horizontal dispersion and vertical dispersisimg the plot shown iRig.2 [6].

Empirical models for estimating emission factors

The major sources of air pollutants in and aroundoal washery complex are coal
stockpiles and silos, rotary-breaker and crushetallations, thermal dryers, coal
handling and loading areas, conveyer built transbints, dry-screening operations, dry-
cleaning operations, haulage roads and transpadsrd-urther, the activities concerning
the major sources have been identified and listetbidows:(i) Unloading of raw coals,
(i) Loading of clean coals, (iii) Loading of middbs, (iv) Loading of rejects, (V)
Transport roads, (vi) Haul road, (vii) Screeningm) (viii) Thermal dryers, (ix) Exposed
piles of clean coal, (X) Exposed piles of middlings) Exposed piles of rejects, (xii)
Exposed surface area, (xiii) Rotary crusher ang) @bnveyer-belt's dropping points [4].
Empirical models were developed to calculate emissite of the suspended particulate
matters as it is the major problem in the coal wagltomplexes. The emission of the
suspended particulate matters from a source hasasseimed the multiplicative effect of
the influencing parameters as it is the integratgitome of the influencing parameters.
Therefore, the empirical models have been assumdtieaproduct of exponent of the
influencing parameters. Further, the influencingapaeters have been taken in the form
u®, wherec is the exponent. If it results into zero emissipero is assigned to the value
of exponent. For example, consider the effect afdwspeed on the suspended solids
emission from the source of raw coal piles. Itdswaned that the emission is zero if the
wind is calm. If we consider the source of the ¢fan point of conveyer-belt, the
emission is assumed to be non-zero when the wirtdlim as the conveyer-belt is in
motion. Therefore, the factor is taken psqu)®, wherep, g are linear constants and c is
the exponent. If we consider parameters whose influence is in the forxfsnd m
parameters in the fornp€qy)®, then we can assume the empirical model for esitiga
the emission rates from particular source as falow

¢, C, C c d d
1 2 3 1 2
E= kxl Xy~ Xgo ... xnn '(pl + yl) (p2 +dy y2) (12)
d d
3
(P3+d3Y¥3) ° « (P *Om Ym)

224



Computed Aided Air Pollution Dispersion Modelingand around Mining ...

where k is a correction factor. By taking logaritbmboth sides, we can get,

n m
logE=logk+ ¥ ¢; logx; + ¥ d; log(p; +q; y;) (13)
i g i

In above system ofn{+n+1) non-homogeneous linear equations, for diffexeties of
x;and @;+q;y;), the non-trivial solution for logks; andd;can be found using regression
method.

The emission rates of different washery activitesl significant sources were
estimated based on modified Pasquill and Giffordmfda for ground level sources
through field experiments in order to estimatevthkies of the empirical coefficient and
unknown exponents for different sources and a@s/iind the formula is

Q= I_luoyGZCX,O (14)
whereCy o refers to difference between the downwind and npwigioncentrations of the
pollutant species (g/ ) Q is emission rate of the pollutant species (gisis average
wind speed (m/s), and, and o, are respectively the horizontal and vertical disjps
coefficients, compiled in functions of downwind tdisce x(m).

In case of elevated point sources, the samplsrkept approximately at the same
height and the above formula was used to estinh@emission rate. As the sampler is
kept very near to the source, the error in theutalion of emission rate using this
formula would be negligible. Further, the same folanwas used to measure the
emission rate from the other sources like line areh assuming the unit length or unit
area of the source as a point source since thees@ithe union of finite number of such
parts. In fact, the method to estim@tg o in order to exclude the effect of upwind source
on the considered source is not appropriate, asdheentration measured at the upwind
direction will be reduced significantly while itsfierses towards the downwind direction.
The application of difference between the downwaml upwind concentration in the
emission formula to estimate the emission ratdefsource will not give accurate result.
A studies have reported a distance scheme to dtmithe concentration from upwind
source using the following formula [7,8]:

C,C, |[d,-d

Cy0=Ca- é—: ﬁ (15)
where C; is the minimum concentration measured at distancén che downwind
direction from the source,ds the maximum concentration measured at distapde
the downwind direction from the sourdg;is the concentration measured at distathce
in the upwind direction from the source. By applythe boundary and initial conditions,
we can calculate the values of p's and g's andedmonents by conducting the
experiments at different sites with different cdiwtis but on the same kind of sources.
The software "DataFit" was used for analyzing tleadand solving the system of
(m+n+1) homogeneous linear equations. The emissionutffirsdioxides (SQ) is
comparatively less than the suspended particulaggenn (SPM) and further it is
negligible in coal washery complexes.

However, the empirical equations have been derieedstimating the emission
rates of both suspended particulate materp €¢Bd sulfur dioxide (§ from major of
sources and activities. In the following empiriaduations,m stands for moisture
content of the material (%% for the silt content of the material (&6¥for wind speed
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(m/s), f forfrequency (No. of trips / hr)h for dropping/loading/source height, for
capacity of the unit (tonesy,for average vehicle speed (km/hk) for average number of
wheels, a forexposed area of the sourceZXnFurther,n stands for the number of
rotations per hour (No./hry, foryield or production rate (tones/hg,for diameter of the
rotary sphere (m)A for unclosed area of the rotary crusher syster), (qnfor average
flow rate of the material transported through cgevebelt (tones/hr)y for velocity of
the conveyer-belt (m/s).

Air quality prediction

The air quality dispersion model for the predictmhair quality in and around the coal

washery has been carried out with the aid of aauppmputer. The study window was

divided into finite number of grids. The centereafch grid is assumed to be the location
of different sources that falls in the respectivielg However, the kind of each source,
source height from the ground, their respectivession rates will be duly considered for

the prediction of air quality whereas the wind gpaad climate condition is assumed as
the same. But when the altitude of the topogragrnes in the downwind direction, the

temperature also varies. In such a situation, thgram predicts the temperature using
the model and the influence of the temperatureioguality has been duly incorporated

in the model.

Surface plan of the industry showing the locatiohsvarious operational units
like coal stack yard, screening section, primansher, secondary crusher, chuts or drop-
points of conveyor belts, exposed piles, thermgbidy, exposed surface containing coal
dusts etc was prepared. The study area was diuitiedrid size of 200mX100m in order
to mark the area occupied by the various operdtionds and other sources of air
pollutants. The weighted average of wind speedghRntaking the percentage of hours
prevailed with the ranges classified as 1.6-5, 5-10-15 and 15-20 km/hr as the
weightages in the different prevailing directiongres calculated using the wind-rose
diagrams of summer and winter seasons. The emisates of SPM and SGrom the
identified major sources were estimated using thmpiecal emission models. The
concentration of air pollutants will be diluted tine atmosphere and it will be reduced
significantly due to the inversion effect when themperature is very high. The
concentration of air quality may be high during mog, evening and night hours than
noon hours in and around the coal washery complexes

Therefore the prediction of air quality in the pmé#wg directions with the
respective average wind speed was predicted with ittterval of 25m in both
longitudinal (X-axis) and latitudinal (x-axis) distces for summer and winter seasons to
evaluate the present model. In order to assessptimized impact the maximum values
of the SPM and S©Oconcentrations at the each grid were assessed spieadsheet
(Microsoft excel) and the isopleths of the concatiin of the air quality parameters were
plotted using the software "SURFER". The isopldtthe SPM and S&for both summer
and winter season have been present&igia5 to 7.

3. Results and discussion

Empirical emission formulae on various sourcesiopallutants in order to estimate the
emission rates of various significant sources haeen developed based on the
experimental data generated from various field isgidThese emission formulae have
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been evaluated through statistical analysis. Ttimated empirical coefficients are based
on the experiments conducted in the field. If mexperiments would be conducted and
the results would be used for estimating the unknewpirical coefficients, exponents
and constants, the percentage of error may be nzi@imand the accuracy of the
prediction may be brought through the empirical eledHowever, it has been observed
that 46.1% of error occurs in the predicted emissionsratk suspended solid matters
(SPM) with reference to the field data arisl23% in the emission of sulfur dioxide (8O
from all identified major sources. The predictedvVs&hd SQ concentrations in summer
at Mahuda coal washery complex are 428 and 37.5ig/m’ respectively, which falls
in the interval, constituted with minimum and mayim values of field experimental
data, viz., 402 - 457\8/m® 30 - 40.3pg/m’ respectively. Further, the predicted SPM
and SQ concentrations in winter at site are §5§/m® and 2ug/m?® respectively which
falls in the ranges 535 - 5§/m*; 23 - 98.8ig/m°respectively.

The predicted SPM and $©oncentrations in summer at Munidih coal washery
complex are 39g/n? and 69.Rg/m® respectively which falls in the interval constittite
with minimum and maximum values of field experin@rdata, viz., 375 - 41@/m3; 45
- 75.419/n? respectively, whereas in winter, predicted SPM 8@ concentrations are
496.7ug/m® and 47.Rg/m® respectively, which are falling in the intervals 24 -
507.18ug/m; 43 - 62.1g/m*respectively. Similarly, for other coal washery qexes,
the predicted and field experimental data were @ and it was found that the
predicted air qualities through modeling and sirtioia are very close to the data
obtained in the laboratory by analyzing the amb&nsamples. It has been found that 5 -
10% error occurs in the predicted air quality. Efiere, the present model can be used as
a tool to visualize the impact of coal washerieshmnsurrounding.

As it has been observed that SPM is the major soofrpollution in and around
the coal washery complexes and it has been peccéiveugh the study that the haul
roads are the significant sources among all ottlentified sources. It is necessary to
sprinkle water along the haul roads of the waslkemngplexes to suppress the particulate
matters of the aerodynamic diameter less thgn ftOhas been found that the crusher
points, drop-points of conveyer belts, screeningtises are the significant sources in
continuously transporting the particulate matten® ithe atmosphere. Therefore, it is
recommended that installation of water sprinkliggtem in the prevailing wind direction
in order to control air pollutants. It has beenasdd that raw piles of raw coals should
be packed properly and made more compact usingebigige material on the top to
arrest the fine particles so that the wind mayewder inside and take away them into the
atmosphere. Similarly, the piles of clean coal,dhid) and rejects must be stored in such
a place where the wind cannot have any influencihem to drive up the fine particulate
matters into the atmosphere.

The areas in the surrounding of screening secti@stockyards, crusher point
and the both sides of the haul roads may be cedaiith suitable vegetation in order to
arrest the dust transported into the atmosphergai@esvergreen plants, grasses and
epiphytes like orchids could control the conceitrabf SPM. A study has reported that
certain plants have remarkable dust filtering, cdéraning, and air purifying capacities.
The plants with simple leaves such as Peep@ugbenghaiensjs Mast Polualthia),
Mango Mangiferaindi@), Teak {ectonagrandils Sal Ghorearobusta Arjuna

(Terminalisarjund, etc. are better dust collectors than the plaiitis compound leaves
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like gulmohar Ponciamaregi® tamarind Tamarindusindical), Amaltas Cassiafistula
and neem Azardirchtaindica [9, 10] The plantation of local plant speciesnglahe
peripheral of the washery lease area may be verghnititful in controlling the
emission of particulate matters from operationsvafious units of a coal washery
complex.
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