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Executive Summary

1.0 Project Land restoration / reclamation monitoring of 10
opencast coal mines of Northern Coalfields Ltd. (NCL)
producing 5 million cu.m. and more (Coal+OB) per year
based on satellite data, regularly on annual basis.

2.0 Objective Objective of the land restoration / reclamation
monitoring is to assess the area of backfilled,
plantation, social forestry, active mining area, water
bodies, and distribution of wasteland, agricultural land
and forest in the leasehold area of the project. This will
help in assessing the progressive status of mined land
reclamation and to take up remedial measures, if any,
required for environmental protection.

3.0 Salient Findings

{ Out of the total mine leasehold area of 184.00 Km? of
10 projects Viz. Amlohri, Nigahi, Jayant, Dudhichua,
Khadia, Krishnashila, Bina, Kakri, Jhingurdah and
Block-B considered for monitoring during year-2013;
total excavated area is only 110.80 Km? (60.22%) of
which 59.07 Km? area (53.31%) has been planted,
29.78 Km? area (26.88%) is under backfilling and 21.95
Km? area (19.81%) is under active mining. It is evident
from the analysis that 80.19% area of the OC projects
are under reclamation (biologically and technically) and
balance 19.81% area is under active mining. Project
wise details are given in Table-1 & Fig-1.

' On comparing the status of land reclamation for the
year 2013 with respect to the year 2012 in different
projects, it is evident from the analysis that area of land
reclamation has slightly decreased from 90.22 Km? (Yr.
2012) to 88.85 Km? (Yr. 2013). Out of 10 projects of
NCL, maximum land reclamation has been carried out
in Jhingurdah project (93.66%) followed by Kakri
(86.67%) and Khadia (83.02%).

1 Area of biological reclamation (plantation) has reduced
from 61.70 Km? (Yr. 2012) to 59.07 Km? (Yr. 2013).
However, area of technical reclamation (backfilled
area) has marginally increased from 28.52 Km? (Yr.
2012) to 29.78 Km? (Yr.2013) in NCL. There has been

Job N&61410027 \'%
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a loss of 2.63 km? in plantation due to fresh dumping
carried out on biologically reclaimed area due to space
constraint for OB dumping with respect to year 2012.
Area of plantation reduced at Amlori OCP due to
dumping is 1.36 km? and due to loss in social forestry
is 0.72 km?. Area of plantation reduced due to dumping
in Nigahi, Khadia, Bina, Kakri, Jhingurdah and Block-B
OCPs is 0.55 km?. .

1 Lease hold area of Jayant and Bina OCPs have
increased due to incorporation of expansion areas into
these projects for enhancing the production capacity.
Therefore due to above, the leasehold area considered
under the report is 184.00 km? instead on 179.41 km?
considered under earlier studies.

1 The active mining area has significantly increased from
17.61 km? (year 2012) to 21.95 km? (Year 2013).
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Table -1

Summarized Land Reclamation Status in Opencast Projects of NCL
based on Satellite Data of the year 2013

{Area in 5q Km)

% Calculated in terms of Total Excavated Area

Sl Project Plantation Under Backfilling | Under Active Mining| Total Excavated Area [Total Reclamed area
MName Leasehold ii fii iv ii+iii+iv ii-+iii

No. {i) 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
1 AMLOHRI 31.23 10.75 8.67 4.44 4.93 2.67 3.74 17.86 17.34 15.19 13.60
60.19 L0.00 24.86 28.43 14.95 2157 85.05 78.43
2 NIGAHI 30.16 9.96 9.75 4.60 4.23 3.17 3.50 17.73 17.48 14.56 13.98
56.18 L5, 78 25,94 24.20 17.88 20,02 82,12 79,98
3  JAYANT® 29.11 12.56 12.85 3.52 3.78 3.17 3.73 19.25 20.16 16.08 16.43
65.25 62.75 18,29 18.75 16.47 18.50 83.53 81.50
4  DUDHICHUA 14.00 4.01 4,07 4,15 4.62 245 2.34 10.61 11.03 8.16 8.69
37.79 36.90 39.11 41.89 23.09 21.21 76.91 78.79
5  KHADIA 14,91 5.44 541 3.29 3.10 1.47 1.74 10.20 10.25 8.73 8.51
53.33 £2.78 32.25 30.24 14.41 16.98 85.59 83.02
6 KRISHNASHILA 5.94 1.12 1.13 0.55 0.57 0.57 0.63 2.24 2.33 1.67 1.70
50.00 48.50 24.55 24.46 25.45 27.04 74.55 72.96
7 BINA# 17.98 6.21 6.18 3.20 3.18 1.12 2.72 10.73 12,08 9.61 9.36
58.81 51.16 30.75 26.32 10.44 22.52 89.56 77.48
8 KAKRI 13.60 5.97 570 1.62 1.71 1.11 1.14 8.70 8.55 7.59 741
68.62 66.67 18.62 20.00 12.76 13.33 87.24 86.67
9 JHINGURDAH 12,43 5.27 5.24 0.79 0.82 0.41 0.41 6.47 6.47 6.06 6.06
81.45 80.99 12.21 12.67 6.34 6.34 93.66 93.66
10 BLOCK-B 14.64 0.21 0.27 2.26 2.84 1.47 2.00 4.04 5.11 2.57 3.11
7.67 528 55.94 55.58 36.39 39.14 63.61 60.86
TOTAL {NCL) 184.00 61.70 59.07 28.52 29.78 17.61 21.95 107.83 110.80 90.22 88.85
57.22 £3.31 26.45 26.88 16.33 19.81 58.60 60.22 83.67 80.19

# Leasehold Area in These OCPS have increased due to expansion of the project, as per data provided by NCL
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Figure : 1 Project wise Land Reclamation status in the year 2013 (NCL)
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1.0

1.1

1.2

1.3

1.4

Background

Land is the most important natural resource which embodies soil, water, flora, fauna
and total ecosystell human activities are based on the land whiech is
scarceshaturalasource in our counlilyning is a site specific industry and it

could ndbe shifted anywhere else from the location where mineral occurs. It is a
fact that surface mining activities do effect the land environment due to ground
breaking. Therefore, them@n urgent need to reclaim and restore the mined out

land for its prodvetuse for sustainable development of mining. This will not only
mitigate environmental degradation, but would also help in creating a more

congenial environment for land acqbisitiosl companiaduture.

Keeping above in view, Coal India Ltd. (CIL) issued a work order vide letter no.
their letter No CIL/WBP/ENV/2011/4706 dated 12/10/12 for thelfgetood 2012
201617.According to this work order all mines in CIL with output capacity of 5
million cum (coal +OB) shall be monitored every year and all mine below this
capacity shall be monitored at an interval of 3 yrs. AlircGélfkb&dsalso be
monitored at an interval of 3 yrs as per a defilédpkport covers the period
2013-14. The resu#tof land reclamation status of all suchaeies) uploaded

every yeaon the websitéthe concerned coal companies in public domain. Detail

reportssubmitted to Coal India and respective subsidiaries

Land reclamation monitoring of all opencast coal mining projects would also comply
the statutoryequirementsf Ministry of Environment & Forest MwhF).
monitoring would not only facilitate in taking timely mitigation measures against
environmentdegradation, but would also enable coal companies to utilize the

reclaimed land for larger smmoomic benefits in a planned way.

Present report is embodying the finding of thastddyn satellite data of the
year 203.carried odor all th®Cprojects fdvorthern Coalfields Ltd.

Job N&61410027 1
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2.0

3.0

Objective

Objective of the land reclamation/restoration monitoring is to assess the area of
backfilled, plantation, OB dumps, social forestry, active mining area, settlements
and water bodies, distribution ofavaktagricultural land and forest land in the
leasehold area of the project. This is an important step taken up for assessing the
progressive status of mined land reclamation and for taking up remedial measures,

if any, required for environmental protecti

Methodology

There are number of steps involved between raw satellite data procurement and
preparation of final map. National Remote Sensing Centre (NRSC) Hyderabad,
being the nodal agency for satellite data supply in India, providesanly raw digit

satellite data, which needs further digital image processing for extracting the
information and map preparation before uploading the same in the website.
Methodology for land reclamation monitoring isggieennnfig. Following

steps arevolved in land reclamation /restoration monitoring:

Job N&61410027 2
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Figure :2 Methodology for Land Reclamation Monitoring

3.1Data Procurememifter browsing the data quality and date of pass on internet,
supply order for data is placed to NRSC. Secondary data like leasehold boundary,

topo sheets are procured for creation oiaediase.

3.2Satellite Data Processirgjtellite data are processed using ERDAS IMAGINE

digital image processing s/w. Methodology involves the following major steps:

1 Rectification & Georeferencihgaccuracies in digital imagery may occur due to
Osydtiemaerrorsdé attributed to -earth c
systematic errors6 attributed to sate
contain geometric distortions, which make them unusable as maps. Therefore,
georeferencing isuigd for correction of image data using ground control points

(GCP) to make it compatible to Sol toposheet.

Job N&61410027 3
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1 Image enhancement:
To improve the interpretability of the raw data, image enhancement is necessary.
local operations modify the value opeathbased on brightness value of
neighbouring pixels using ERDAS IMAGNB1g3and enhance the image

guality for interpretation.

1 Training set selection
Traning set requires to be selected, so that software can classify the image data
accurately h€ image data are analysed based on the interpretation keys. These
keys are evolved from certain fundamentadle@mesges such as tone/colour,
size, shape, texture, pattern, location, association and shadow. Based on the
imagezlements and other-gghnical elements like land form, drainage pattern
and physiography; training sets were selected/identified for each land use/cover
class. Field survey was carried out by taking selective traverses in order to collect
the ground information (or refererme stathat training sets are selected

accurately in the image. This was intended to serve as an aid for classification.

1 Classification and Accuracy assessment
Image classification is carried out using the maximum likelihood algorithm. The
classificatigroceeds through the following steps: (a) calculation of statistics [i.e.
signature generation] for the identified training areas, and (b) the decision boundary
of maximum probability based on the mean vector, variance, covariance and
correlation matriktbe pixelAfter evaluating the statistical parameters of the
training sets, reliability test of training sets is conducted by measuring the statistical
separation between the classes that resulted from computing divergence matrix.
The overall accuradythe classification was finally assessed with reference to

ground truth data.

Job N&61410027 4
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9 Area calculation

The area of each land use class in the leasehold is deterntfElASSINg
IMAGINE2013oftware

1 Overlay of Vector data base
Vector data base created based on secondary data. Vector layer like drainage,
railway line, leasehold boundary, forest boundary etc. are superimposed on the
image as vector layer in the Arc GIS database.

1 Prefield map preparation

Prefield map is prepdrfor validation of the classification result

3.3GroundTruthing:
Selective ground verification of the land useactgssaed out in the field and

necessary corrections if required, are incorporated before map finalization.

3.4Landreclamation database on GIS:

Land reclamation databiasgeated on GIS platform to identify the temporal

changes identified from satellite data of diffefieidtest

Job N&61410027 5
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4.0 Land Reclamation StatudNorthernCoalfields Ltd.

4.1

4.2

4.3

Following 10 OC projects prodomng tha®d million cubic m. (Coal + OB
togetherpf NortherrCoalfields Ltd. have been taken up for land reclamation
monitorinduring the ye2013:

Amlohri

Nigahi

Jayant

Dudhichua

Khadia

Krishnashila

Bina

Kakri

Jhingurdah

BlockB

=4 =4 A4 A4 A4 A4 A4 A4 A -2

Areastatistics of different land useprks=nt in the mine leasehold of the above
project$or the ye@0B are shown in the Tal#!eLand use maps derived from
satellite data are shown in PlateQlLand reclamationtagaof the above
mentionetlO projects, were also pregard¢dg/ear0®,20L0 2011and 2012

Year wisehanges in the different land use classeobasadllite dataie
depicted in Bar Chant&ig4.1-4.10

Study reveals tH&8883% of mining under reclamation NCL out of which

59.0%0 area has been revegitate@%ii86 areas under backfillifigpere ia
decreasef1.37Kn? under reclamatiofNCL with respect to the yek Zhis

decrease is due to dumping of fresh OB over already reclaimed dumps because of
space constraints arising out of high production of coal and in some cases dump

heights were increased as per revised design.

Job N&61410027 6
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4.4 After analyzing the sietlata ofear 202 vs.20Bit is evidernbhatplantation
has @cresed due to dumping done on already vegetated areas due to space
constraints for dumping of OB. This has happened in Amlhori, Nigahi, Khadia, Bina,
Kakri and BloBkSome plantation loss has also occurred due to erosion of dumps
atKhadi®©C Project. Plantation in the arebti@aseiom 61.70 Rnm 2012
t059.07%kn?. Hence there is a decrea68kn? of plantations in the OCPs of
NCL

4.5 At Amlohri OQfantatiotost due to OB dumpinb36kn?, wherasthe loss
of plantation due to felling of tne#sr social foresdtg is aboud.72 kn?.
Therefordhe total area where plantation was tloist projeist2.08kn?. The
spots where such incidents have been obsestied/n under Plate 12 in this
report. Plantation has also been lost in other projedisgaluhtalsadia, Bina,
Kakri, Jhgurdah & Block B. In all these projects such occurrence has been due to
spaceconstraints in OB dumping in most of the cases. Plantation loss in all other
projects (Except Amlhori) together cdivieskid. The spots of plantation loss
are shown under Platd 4id11B.

46 Out of 10 projects of NCL, maximum land reclamation has been carried out in
JhingurdaRroject93.660) followed b{akii86.6%) andKhadig83.026).

Job N&61410027 7
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TABLE -2
PROJECTWISE LAND USE/ RECLAMATION STATUS IN OC MINES (=5mcu.m) OF NORTHERN COALFIELDS LTD BASED ON SATELLITE DATA OF THE YEAR 2013
(Areain Sg Km)
AMLOHRT NIGAHT JAYANT DUDHICHUA EHADIA | ERISHNASHILA BINA EAKRI JHINGURDAH BLOCKB | Overall Blockwise
Area | % Area | % Area | % Area | % Area | % Area % Area | % Area % Area % Area | % Area | %
Dense Forest [ 124 570 009 030 000 000 OO0 000 000 00O 001 017 000 000 002 015 001 o008 103 704 240 1.38]
o
% |Open Forest [ 117 538 330 1004 115  395| o077 550 170 1140 170 2862 235 1307 180 1397 099 796 123 840 1626 9.32
&
o
2 Total Forest 2417 1108 339 1124] 115 3905 Oy7! 550] 1707 1140 171 2879 235’ 1307| 192" 1417| 1007 B805| 206 1544] 1866 1069
=
= [Scrbs | 226 1039 206 683 402] 1381 123] 879] 125 B38| 120] 2172 189] 1051 177 1301 380 3057 340] 2117] 2267 1298
=
2
Social Forestry [ 698 3200 491 1628 410 1408 081 579] 324 2173 103 1734 351 1952 385 2831 175 1408 017 116 3035 1738
=
E Plantation on OB Dump — 0.81 372 247 819 284 ovel 121 864 o066 443 010 188 064 356 037 272 185 1488 010 068 1105 6.33
=
= [Plantation on Backfil — 0.83 405 237  7es| 571 1962 205 1464 151 1013 000  000f 203 1129] 148 1088 184 1319 000 000 1767 1012
a
Total PI (Biological Recl ) 867] 3086 075 3233| 1285] 4346 407 2007| 541] 36.28 113] 1002 618 3437 570 4101 524 4216 0I7| 184 5007] 3385
Total Vegefation]| 13.34" 6133|1520° 5040|17.82° 6122| 607 4336 836 5607 413 6053|1042 5705| 030  60.04[1004  8077| 563 3846/10040 5753
Coal Quarry [ 202 920 230 7ozl 265 o010l 177 1ze4] 110 738 028 471l 172 957 o84 61a 026 200 103  704] 1408 .08
o
£ | Advance Quarry Site ] 165 750 110  38s| o066 227 057 407 045 302 031 523 074 417 025 134 000 o000 033 235 608 347
= I I I I I I
4 | Coal Dump ] 0.02 oos| ooo oool o024 o082 ooo o000l 003 0200 000 00O 018 106/ 000 ooof 000  oo00f 015 102 063 0.36)
=
-
= |Quarry Filled With Water = 005 023 001 o0o03] 018 062 o000/ o000 016 107| o004/ 067 007] 039 005 037 015 121 048] 335 120 069
Total Area Under Acfive Wlining]| 374’ 17.20] 350° 1160] 373’ 1281 234" 16r1| 174’ 1167| 063’ 1061] 272’ 1513] 114’ 835 041’ 330 200 1366| 2105 1258
o |Barren OB Dump [ 343 1577 152 504] 018 o062 039 279 ovo 469 027 455 o028 158 077 566 061 491 253 1728 1068 612
2
2 |Barren Backfilled Area I 150 690 271  899] 360 1237 423 3021] 240 1610 030 505 290 1613| 094 691 021 169 031 212 1910 1094
3
=
& [ Total Area Under Technical Reclamation| 4937 2267| 4237 1403| 3787 1299| 462] 3300 3107 2079| 057] 960 318] 1769 1717 1257| 0827 660 284 1840| 2978 1706
Tofal Area Under Mine Operations| 867] 23086 7.73] 2563 7.51] 2580 606] 4071] 484] 3246| 120] 2020 500] 3281 285] 2006] 123] 000 484 3306 5173 2064
=
£ |Waste Lands [ 123 566 116 385 063 216 038 271 037 248 o024 404 011 061 017 125 023 185 286 1954 738 423
3
z
% |Fly Ash Pond ] 0.00 ooo| ocoo, oool ooo] ooof oool ooo| ooo  ooof o1 303 004 022 o000 oool ooo|  ooof ooo| ooof 0392 013
=
2 Total Wasteland 123] 566| 116] 385 063] 216] 038] 271] 037] 248 042] 707| 015] 083 017] 125 023 185 286 1054] 760 435
H
2 |Reservoir, nallah, ponds ] 0.05 023 008 o030 oa4s 168 o001 o007 007 047 005 o084 033 198 021 154 003 024 017 116 140 0.80]
&
E
& Tofal Waterhodies 005 02Z3] 009 030] 040 168 001 007 007 0OA47| 005] 084 023 128 021] 154 003] 024] 017] 116] 140 0.80
& |Crop Lands |:| 285 1310 014 048] 000 000 001 007] 000 o000l 004 067 007 039 000 o00f 019 153 047 116 347 199
=
=
£ |Fallow Lands |:| 199 915 017 o056 061 210 043 307 o000 o000 000 000l 002 017 000 o00( 005 040 050 403 287 222
2
Total Agriculture 284 2225 031] 103] 061] 210] 044] 314] 000] o000] 004] 067] 0.10] 056 000] o0o00] 024 193] 076] 510 734  ao:
Urban Settlement - 2.08 947 480 1592| 145 4908 o000 000l 111 744 010  188) 044 245 095 699 047 378 049 130] 1157 6.63
£ I I I I I I I I I I
S (Rural Settlement - 0.76 349 001 oo03] oz0 o069 ooo oool ooo  ooof ooo  ooof ocoo  ooo ooo ooof ooo  ooof o1z o082 109 0.62
2
£ I I I I I I I I I I
& |Industrial Settlement |:| 0.28 120 086 285 040 137 044 100 016 107 000 000f 074 41z 003 02z 018 153 007 048] 287 1.64]
Total Settlement 310 1425| 567 1880| 205 704 014 100 127 852| 010 168| 118 656 098] 721| 066 531| 038 260| 1553 290
Grand Total 31.23] 143 59|30.16] 100,00/ 2911 100.00{14.00[{100.00| 14 91| 100.00] 594|100.00|17.98/100.00[13.60| 100.00|12 43| 100.00| 14 64| 100.00{ 184 00 10543
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