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ABSTRACT

The advanced space technology known as Remote sensing and GISis a perfect tool for Geo Spatial applicationsin
science and engineering. In the present study, identification of suitable site for Thermal Power Plant along the
mining area in Rajpardi district of Gujarat, India is one of the evidence of Geospatial technology for mankind
development. Multi-spectral satellite data and collateral data of geology, geomorphology, topography, settlement
and transport, forest cover, hydrology and climate were used to generate the integrated thematic database in GIS
platform for selecting the suitable site for Thermal Power Sation (TPS) construction. Selection of site for TPS was
based on four primary criteria, such asland, water, coal mine and environment, and two secondary criteria, namely
settlement and accessibility to the site. A Ste-Quitability Index (S3) is processed the multi spatial parameters
according to the regulatory guidelines of MoEF (Ministry of Environment and Forest) and CEA (central Electricity
Authority). Each classin spatial layers is assigned with weighed value 1 to 10 based on the relative importance to
suitability. The sum of Weightage of spatial layers using weighted overlay analysis, the result have been classified
as high, medium, low and not suitable

Key Words: GIS, Remote sensing, Site-Suitability Index, Wiégl overlay, Thermal power station, India.

INTRODUCTION

At present 54.09 percent (93918.38 MW) of totatgleity production in India is from Coal Based Tl Power
Station. This coal source is from the coal minéisegisurface or sub surface mining from the varjgaus of Indian
sub continent. A coal based thermal power planveda the chemical energy of the coal into eleatrémergy. This
is achieved by raising the steam in the boilerpaexling it through the turbine and coupling thebines to the
generators which converts mechanical energy irgotiétal energy [1]. Selection of suitable sitesv@aste disposal
in the surrounding of urban area can be done blysiseof several environmental factors using GI®.)it is one
of the spatial analyses such as weighted overlalysis help to select the possible suitable sobdte disposal sites
and is categorized in to three categories. RemetsiBg data provides ground information with misoale and
GIS can integrate the various spatial and non alpasirameters based on the assigned Weightageraoesped to
find the suitable site for waste disposal with erd&al accuracy [2].

Degree of accuracy in site suitability analysisbissed on the analysis of multi layers integrateccomplex
relationship of one another based on the suitglglialytical method. The differential weightingioput parameters
attributes and the proposed method of standardizédiadopted in the process [3]. The spatial tiarieof attributes
within each factor is not uncommon because mostsétd come with inherent natural variability. Steddzation is
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therefore necessary to make it commensurable $iteasuitability analysis [4]. The assigned Weigjstaf classes
is also an important aspect of a site suitabilitglgsis. Assigning the weight to particular paraenés depending
upon the degree of suitability to the site selecfl], [6].

The classification and the weighting schemes detertie cell values of raster layer have an etiectetermine the
weight of individual cell in site suitability analis. In some approach, it is a process of derigirgpmposite map
through the linear combination of input factors. [3bil parameter is one of the important factorsite selection
studies. The productivity characteristic of soildistermine the environment and ecosystem of thal laea and
considering the important soil properties suchegstiy, base saturation, texture and structure, ergaatter content,
mineral reserve and soil moisture are essentighfaén agricultural land and forest developmerttilevselection of
site for infrastructure and construction thesedextequired to take for analysis throughout treadB]. Remote
sensing imagery is used to detect the changesdfuae and land cover in spatially and temporéfiyhe land use
land cover changes studies between 1991, 1999 @d@ f2om the satellite image data, it is predictiedt the
positive and negative changes among the all tygdana covers, but however, the land use of infradtire
increased up normally along the urban periphery agriculture and other natural vegetation covetlésreased
rapidly [9]. In a discrete classification systerhe tattributes of an input factor may be classifisithg various
classification schemes. Most modern GIS have lwittlassification schemes such as equal area, enigai/al,
natural break, and quantile and standard devidtioctions [10].

The main objective of this study is to assess thelpms raised in extraction of the coal from thieerto ecosystem
of the local area and their influences on cycligiemmental processes. The potential site for ¢c@eled thermal
power plant is must required to survey and asdessinipact of the plant on environment for long tinde

integrated Remote sensing and GIS technology hapahility to process multiple spatial datasets rofagea for
selecting the suitable site for thermal power ptantstruction.

Introduction to the Study

The study on Evaluation of Suitable Site for Coak&d Thermal Power Station in Rajpardi Mining Are&ujarat
is carried out to prove Geospatial technology feaive and economical in research and developnfemdlyzing
Spectral Signatures of Lignite composition in magéctral Remote Sensing data LANDSAT 7 ETM+ (30)mts
covered Lignite Mining of Rajpardi area of Bharubrstrict in Gujarat to target the distribution ofghite coal
reserve bed. Indian subcontinent proved with cesérves was about 92,445 million tons in which Bitwous and
Anthracite coal reserves are about 90,085 millmrstand lignite is about 2,360 million tons. Indiat fourth place
in coal reserves in the world and the productiona#l in India every year is nearly 447.3 milliam$. However all
production is used for indigenous purpose onlyidndGovernment is planning to supplement 100,000 W
electricity for increasing its installed capacity 300,000 MW by year 2017. Out of which, 59,000 MW be
generated from coal-based Thermal Power Stations.

Location of Study area

The lignite mining area of Rajpardi in Bharuch DiSujarat is one of the well known places in Infdingeological
and mineralogical aspects. The selected study iartecated 5km away from Rajpardi Township towasdsith.
This is bounded by latitude extension in about @i 00”N to 21° 14 15 N and longitude extension is from%3
21 00 E to 7338 13" E. The river Narmada is flowing in west 32km avieym the study area and Deccan hilly
terrain lies in the South and South-East to thdysairea. Plain area of Rajpardi Township locatedlarih and other
settlements namely Hingoria, Vasna and Dholakuealacated in North East, South and South-West tiirec
respectively.

Relief and Drainage

Relief covers different elevation due to accumolatof dissected hilly area. In the east part tleealon is about
300m and it gradually decreases up to 200m in é&mdral alluvial plain, then increase towards westta 340m
elevation from MSL. Two major tributaries of R. Nada flow from South East towards North-West thioug
middle portion and join with Narmada River in NoNkest. Number of streams with parallel drainageepat
flowing from various direction and join with majtiibutaries of River.
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Geological settings over the Lignitereserved

The sub surface lignite reserve bed vector layerlaid on the geological features to find out th&eiipretation
among them. From this overlaying analyze the marintignite reserve bed distributed over the ferrogim sand
stones with mixture of clay pebbly sand stone aodglmerate which found in lower Miocene age. Hosrev
lignite also associated with the clay mixed
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Fig.2. Geological featuresin the study area

fossil ferrous marl, limestone, sandstone andtsiies conglomerate in the North West part and spaition of
lignite also distributed over flood plain depositgBasalt and alkali basalt in south middle portdd study area.

Geomor phology

Four types of geomorphic units such as hilly areadst and south east which covered with Pedigkdimentary
distributed along central, north, north east andttsgart. The central alluvial plain distributed nerthwest and
south portion in covered the area extent is abor® $g.km. From the central position towards weissérted
carbonadoes sedimentary is distributed and which
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Fig 3.Geomor phology of the Study area
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- associated with Pediplain sedimentary moderatédgected plateau and moderately dissected plaieeered
adjacent to Carbonaceous sedimentary in both needt and south part of study area is about 8.5kn&dqThe
excellent saline water is occurred at low level edAlluvial plain. Poor and poor to moderate grduwater
condition in Dissected carbonaceous rocky and Matdgr dissected plateau respectively. Ground wiates! is
good in and around the lineaments which passirautir these regions.
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Fig.4. Seismic Tectonic Platesin the study area
In the Pediplain sedimentary, water condition isdjto moderate which is also depending on surfatengsources.

Seismictectonicsand Lignitereserve bed interrelationship

The Bougher gravity anomaly of -30 M.Gal gravityntaur line is passing through north portion of ltgrreserve
bed, which indicates the area lines is moderakezosie of seismicity, the whole part lignite resebed distributed
on the Epiric sea/marginal overlap cover of seistmatonic layer. Besides this in the east parttudys area lignite
reserve bed flow over Basaltic Volcanic Plates.

Slope and lignite reserve bed I nterrelationship

The steep slope flow 366 mts height and gentleesfapm 354mts in north-east towards middle. Theitegreserve
bed distributed at the elevation is about 220mt8a@mts MSL towards North to south. However therdugrden
material covered over the lignite reserve bed @auab5 to 75 feet only, hence it is subsurfacerkesbed.

Land use/ land cover

Generally, surrounding of mining area under agtimal land. In the West part of study area accutedlavith
upland vegetation (open scrub which occupied tha axtent is about 7.72 Sg.km) and rocky and albegipland
scrub forest cover distributed from South towaradsth is about 3.10 Sq.km. East side covered with tome crop
land which includes Fallow land and currently awdbile land, it is distributed around 8.14 Sqg.kmtHe mid part
exist mine is about 2.7 Sq.km around the miningared the overburden materials were dumped herehamnel.
Lignite reserve bed occupied under sub
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Fig.6. Land use/ Land cover along the Lignitereserve bed

- surface from North to South is about 6.97 Sqg.kom@them current mining is going on. Settlememig huilt-ups
are isolated which located in North- East part Wfebt to mining region, which covered 4.02 Sg.km.
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Fig.7. A flow diagram showing methodology for site selection for TPS

Geospatial Data Analysisfor Suitable Site Selection
The following types of data were collected for thatudy such as, Landsat ETM+ imagery (30mts Spatial
Resolution), SOl Toposheets, Geological and Geohwogical maps.

1558
Pelagia Research Library



S Kalirgj et al Adv. Appl. Sci. Res., 2012, 3(3): 1554-1562

M ethodology

Digital satellite data were processed using Diditeige Processing System. Pre-processing of datecaraed out
to correct for geometric and radiometric distoridio eliminate noise and to enhance the spectmlspatial
frequency domain. Landsat ETM + imagery was useexpore the lignite reserve bed by processingpefctal
signature of lignite gathered from USGS specttakbliy using spectral target detection tool in EOmagine 9.2
and land use and land cover were extracted byguSimpervised Classification through Maximum likelidl
classifier technique. Other thematic informatideelgeology,

geomorphology, and Boundaries of the coal basinthedcommunication network such as roads, railviagsl
administrative boundaries, canals and major settfesfinfrastructures were digitized from GSI mapd 80l topo
sheets respectively. All thematic vector layers evartegrated and introduced in to overlaying andghtage
analysis to carry out Site Suitability Index (S8¢jng spatial analyst tool in Arc GIS 9.3 to targetential sites for
TPS.

Site Suitability | ndex

Potential site for TPS have been evaluated fronattedysis of geospatial data using computerizedgsfSware by
following analysis; Selection of sites for TPS wassed on four primary criteria, such as land, wateal
and environment, and two secondary criteria, rebhabn and accessibility to the site. Ranking (ordepriority)

was done based on the above mentioned criterigdotghe best site for TPS surrounding each casihb

’ T

Guidelines of CEA & MoEF for Site
Selection for Thermal Power Plant in
India :

Guidelines of Ministry of Environment & Forest [MoEF],
Government of India, for site selection of coal-based
thermal power stations:

(il Locations of thermal power stations are avoided
within 25 km of the outer periphery of the
following:

{a) metropolitan cities;

[t} Mational park and wildlife sanctuaries;

{c} Ecologically sensitive areas like tropical forest,
biosphere reserve, important lake and coastal
areas rich in coral formation;

(i) The sites should be chosen in such a way that
chimneys of the power plants does not fall within
the approach funnel of the runway -of the nearest

airport;
(ii) Those sites should be chosen which are at least
500 m away from the flood plain of river system;
(iv) Location of the sites are avoided in the vicinity
{say 10 km) of places of archaeological, historical,
culturalireligiousitourist importance and defense
installations;

Guidelines of Central Electricity Authority [CEA],
Government of India, for site selection of coal-based
thermal power stations:
(a} The choice of location is based on the following:
i) MNeamess to coal source;
(i) Accessibility by road and rail;
{iify Awvailability of land, water and coal for the final
installation capacity;
{iv} Coal transpaortation logistics;
{v) Power evacuation facilities;
(vi) Availabifity of construction material, power and
water,
{vil} Prefiminary environmental feasibility including
rehabilitabon and resettlement requirements, if

any;
{b) Land requirement for large capacity power plant is
about 0.2 km® per 100 MW for the main power
house only excluding land for water reservoir

%reqmmd if any)
he land for housing is taken as 0.4 km® per

ic)

(d) Land requirement for ash pond is about 0.2 knt?
per 100 MW considenng 50% of ash utilzation.
Land for ash pond 15 considered near the main
plant area (say 5 to 10 km away). In case of non-
availability of low lying ash pond area at one
place, the possibility of having two areas in close
proximity is considered

(e} W]?"Irer requirement is about 40 cusecs per 1000
M

(f) First priority is given to the sites those are free
from forest, itation and imgated/agricultural
land. Second prionty is given to those sites that
are barren, ie. wasteland, intermixed with any
other land type, which amounts to 20% of the total
land identified for the purpose.

() Location of thermal power station is avoided in the
coal-bearing area.

{h} Coal transportation is preferred by dedicated

(v) Forest or prime agriculture lands are avoided for marry-goround  (MGR) rail  system. The
setfing up of thermal power houses or ash availability of comidor for the MGR need to be
disposal. addressed while selecting the sites.

Fig.8. MoEF and CEA Guidelinesfor TPS
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For each of the primary and secondary criteriacalled 10 weightage points, respectively, were givhith sums
up to a total of 100 weightage points. Each citenvas further divided into a number of sub-créewith equal
weightage points. Available standards and guidsliofeGovernment of India were taken into accouniiemixing

the sub-criteria. A procedure for calculating sitetability index (SSI) based on the above criteves designed in
order to quantify subjectivity of the regulatoryidelines and other related parameters used indlleetfon process.

The parameters considered for the ranking of dfeédures and normalized calculations accordinguide lines of
CEA and MoEF are given as follows

1. Environment [Round(0.250xE)
2. Land [Round(0.250xL), where L=(L1+L2)]
3. Requirement of rehabilitation & resettlement (RERFR1]
4. Water [Round(0.250xW), where W=(W1+W2+W3)]
5. Coal [Round(0.667xC), where C=(C1+C2+C3)]
6. Total Points [ Environment + Land + R&R + Water #aC+ Accessibility ]
7. Fig 9. Weightage allocation and Algorithm of Sitait&bility Index
i) Esvironment {Round(l '-5::2] wehars E=E -!J-z,-z -E:E.,"Z.-I..J] 2 4 “’uer’[ﬂmd{[l.]‘i')lm. witare W=(W W, £ 3] = = ?
(a) Tha proposed TPS site 3 2t a distance beyend I3 kon from the omtar [Ey=10xP] (a) Cruantity of waser availahls in the vicinity of the proposed e
pariphariss of r:ﬁt:'uyc].lnn\.n“ B (AW A% i lous than 20%
i Tous P=l W [ AT/ AT s botwvasa 20% to 0%
(i} Falsa B=0 1) [ AW 5! 3 batwroas 40% to 60%
(B} The proposed TPE wite s ot 2 distamce boyond 5 kem from the omtar [E,=10xP] i [A A% i betwrean 5074 o B0%:
periphariss of xxticoal parks, wildlife sanctuaries, and scologically sensitive ¥} [ AWy A, s is more than 0%
arazs Hka mropizal fomsens, Blosphars reserves, matiosal parks fo amemarias *IE) 'B.sa.‘.'umm of reservoiz’dam barage for wats mtnke of the proposed plant |
mpnmm Izkes and coastal ameas rich &= coral formations . i et raquired
il P RN v

i<

The ;ans-ld. TPE it 5 2t 3 dismacs. bayond 10 fom Fom the oumar [E,=10xP.] *[y
parpbade: of place: of archasclogicall historical, coltzralmebigtoms fouris i
importance and defease invtadladons

i Trua =1j

Aarizal distance of the proposed aie Som the water somos [Wi]
il Distance in km {use pommalized podnts®
) Coal [Found(0.667xC), whare C={C.C~Cs)] 1

{0 False B=0 () Availakilery of requized amsomnt of coal for the propossd plant IC=10aP ]
) The peoporsd TP5 i dear aof Sl & e wpprosch Bl oF e rameray o [E,=1050,] (B eridatla Fiesl]
the nearest airport ! il Mos Aocailabls =]
0 Tros P11 B Asial distancs of the proposed site from coal semros I
il Falio B0 I (iy Distance in m (uss normalized points™)
¥} Tha propossd TPS zite dows not ntilize forest 0T prime agnoalars lead, E=1TP] #licr Prasencs of raibway natwork andior MG for coal mammpes
M Trg =11 B Prevant
s ['P—":'-'. i Aksamt
[ propaved TFG site & at & divemce bayoad § bm fom the high tids line  [E~10xFy] | |K6) Accessibility [Round(fl.13%xA), whare A=(A. +4 24 1]
{HTL) {for ceastal arsas caly) (a) Fead {m 10 km radias)
M Trug 1] W Macdonal highwy
1y Falw i Smato highway
(&l Tha propossd TPE sits is 2t least 500 m away Fom highsnys) Wil Any other road
i Trug ik Mo read
(i Falw 0 (b} Fashway neteresk (= 10 kom radees)
(B} Tha proposed TPS site in at keast 500 m away fum the food plain of the  [Ea=10aP] W Main line
Eivering Syatan. i Sranch line
W T (i} Any other ling
(i} Falw i} Mo milway lime
7} Land [Fomnd(l 2 30aL) whers L={L.7La]] Tl Alrpemt
[a) Lond wawcover i Within 200 km of e propeasd sits Eam2
il ‘ii:a;m:.a:.c] | iy Mors than 2090 kes of the propoed st Pe=1]
16 Wastaland with scrubs Toral Paints | Environment = Land = KR + Warer - Coal = Accersibilir | 3

{1} Wastaland with scruhs srimed with 20% singls-cropped agricuirs land i - L
1) TWastaland with serwhs mixad with mers than 20% smpla-cropped =11 . 2::: :;:_;:'j;‘:ﬁmm;

[ Nommalised poinr {for Py & P = (Di-DyD;,

agriculmre land

Tamix L=10a0,]
kel i Flat o "—‘__,_”=_-]"' whare D = Most far-away sits among the sslecied sites.
i3 Flat to gemthy nndslatizg .:::l,c:g] D= "“ﬂ“] destames of the propored wm ;
(il Cemtiy nndalating ~ o -\Jmua'_am: requinsasent [4 W} = 852998 233x Wy in cubic metar.
{n1 Tindulatzg i m where W = water reuirement for the prwer plan i cwec foubic foof per seoond)
(37 Eequisvment of sehabiliiation & 1 eseloment (FRE) R4 B e il A (ol D) o ol e )
) B&E acovite: where Ay = o yeld of i catchmen it anbic meier,
I Raguired # €4 7 awent of the omichement in sowone meker, ol
(il Mot Tequired K, = arewn runcl in meser.

RESULTSAND DISCUSSION

The Lignite reserve distribution over the studyaareas been derived from Remote sensing data byzimgl
spectral signature using Digital Image Processihiique. The lignite reserve and other parametdrish

described above have been selected according gutte lines of MoEF [11] and CEA [1]. Each dataeerted in
to vector layer registered in UTM WGS 84 geocentdordinate system (why means Shapes are presemitd)
appropriate attribute information. For examplethe layer of Land use/ Land cover, waste land wittier and
distance from the lignite reserve bed, transpaitifa and distance from the settlement area, iigheed with 10, 8,
and 6 per 2 Km distance respectively. One time ¢taog had weighted by higher than multi crop calble land.
The sub surface features like Geological, Seismansly and hydro geomorphological suitability atsmsidered
with specific weightages. Then all layers were sfarred in to ESRI Grid format based on weightage®rms of
their suitability level. Multi Criteria Analysis (KA) was carried out by inputting this layer to adéte the overall

1560
Pelagia Research Library



S Kaliraj et al Adv. Appl. Sci. Res,, 2012, 3(3): 1554-1562

weightages using GIS software through Site Suitghihdex algorithm (SSI). (Table.1).The raster guwot of the
result of MCA using SSI reclassified into threeeggtries based on total Weightage. They classifister applied
with ranking as per suitability. That is maximumiglged area( rank 1) showed in dark shade which Higkly
suitability, medium weighted area (rank Il) has m@dely suitability and weightage is less areal(iiéi) has least
suitability for TPS respectively. The positionalocdinates of derived suitable sites overlaid on$iad toposheets
with 1: 25000 scales in order to check the accuddyitability and for further study.

Selection of Suitable Site TPSs by SSI

Legend

—— Stream network
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«i" ) existing_mine

W Lignite Reservebed

[0 wutti crop cultivable land
_ One crop cultivable land

B0 natural vegetation

TPSs Weightages

I ess suitabiity

[ moderately Suitability

High Suitability

1
1 [Veters

Fig.10. Suitable sitefor Thermal Power Station construction in the study area
CONCLUSION

The present study has proved significance and si¢gesf Geospatial technology for resource analyeisl

utilization. In the study, there are two concefdtsesearch were carried out to select the Potesitialfor thermal
power station around the Coal mines in Gujarathsag Satellite imagery and its spectral signatsexluo detect
the distribution of Lignite coal reserve bed. Satome is selection of potential sites for TPS bysidering many
geological and environmental features as per Mok#f @EA, Govt of India guidelines. This is providéue

significant accuracy as primary level survey anid itltimate in terms of economical and time savifige analysis
of MCA — SSI has been effectively produce resudtsarget suitable sites. Such as, in the South-gastof the
lignite mine have evolved as highly suitable stteen West to the existing mining region near thalrgettlement
has less suitability. The moderately suitable drage identified in North — West of the Coal resebesl, by
improving some facilities like transport and waéed they have enhanced the potential of the areitable for
thermal power plant construction.
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