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1.0  Project

2.0  Objective

3.0 Salient Findings

Executive Summary

Land restoration / reclamation monitoring of 11 opencast coal
mines of Mahanadi Coalfields Ltd. (MCL) producing 5 million
cu.m. and more (Coal+OB) per year based on satellite data,
regularly on annual basis.

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.

Out of the total mine leasehold area of 86.36 Km? of the 11
opencast projects of MCL viz. Ananta, Balram, Lingaraj,
Bharatpur, Bhubaneshwari, Jagannath, Hingula, Belpahar,
Lakhanpur, Samleswari and Lajkura considered for
monitoring during 2014-15; total excavated area is 46.55 Km?
(53.91%), out of which 14.57 Km? area (31.31%) has been
planted, 16.05 Km? area (34.48%) is under backfilling and
15.93 Km? area (34.22%) is under active mining. It is evident
from the analysis that 65.78% areas of the OC projects is
under reclamation (biological and technical) and balance
34.22% 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 2014
with respect to the year 2013 in different projects, it is evident
from the analysis that area under land reclamation has
increased from 28.84 Km? (Yr. 2013) to 30.62 Km? (Yr.2014).
Out of 11 projects of MCL, Bharatpur OC ranks on top for
land reclamation (78.38%) followed by Lajkura OC (74.43%).

Area of biological reclamation (plantation) has increased from
14.50 Km? (Yr.2013) to 14.57 Km? (Yr.2014) where as area of
technical reclamation (area under backfilling) has increased
from 14.34 Km? (Yr. 2013) to 16.05 Km? (Yr.2014) in MCL.
This increase of 1.80 Km?in area of plantation and area under
backfiling is the result of the efforts of the Mahanadi
Coalfields Ltd. taken up towards environmental protection.
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¢ In some of the projects it has been observed that natural
vegetation has also started growing on the old and
stabilized backfilled area and dumps due to better soil
fertility besides plantation carried out by MCL, resulted in
higher vegetation cover than plantation.

Table -1

Project wise Land Reclamation Status in
Opencast Projects of MCL based on Satellite Data of the year 2014

(% Calculated in terms of Total Excavated Area) Area are in km”’
" Project Plantation/ Vegetation Under Backfilling Under Active Mining | Total Excavated Area | Area under Reclamation
No. Name Leasehold ii iii iv ii+iii+iv iiHii
i 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
1 |Ananta 4.56 1.04 1.05 1.30 1.62 138 1.09 3.72 3.76 234 267
27.98 27.94 34,98 43.11 37.04 28.95 62.96 71.05
2 |Balram 10.21 137 141 2.02 2.07 1.10 1.22 4.48 4.70 3.39 3.48
30.44 30.06 45,13 43.95 24.44 25.99 75.56 74.01
3 |Lingaraj 7.26 0.88 0.89 1.27 132 1.60 1.74 3.75 3.95 2.15 2.21
23.43 22.53 33.98 33.45 42.59 44.02 57.41 55.98
4 |Bharatpur 9.43 2.54 2.55 1.77 1.87 1.15 1.22 5.46 5.64 431 4.42
46.60 45,18 3238 33.20 21.01 21.62 78.99 78.38
5 |Bhubaneswari 7.33 0.47 0.43 0.91 1.02 172 2.17 3.10 3.62 1.38 1.45
15.18 11.89 29.39 28.25 55.43 59.87 44.57 40.13
6 |Jagannath 4.99 2.16 2.17 0.85 0.89 1.17 112 4.18 4.18 3.01 3.06
51.71 51.98 20.35 21.27 27.94 26.75 72.06 73.25
7 |Hingula 4.83 0.57 0.57 0.94 0.98 1.54 1.64 3.06 3.19 151 1.55
18.66 17.79 30.82 30.74 50.52 51.47 49.48 48.53
8 |Belpahar 9.74 2.15 2.16 0.80 0.88 151 1.67 447 4.70 2.95 3.04
48.17 45,81 17.94 18.73 33.89 35.46 66.11 64.54
9 |Lakhanpur 16.20 1.49 1.50 191 2.52 2.20 1.99 5.60 6.01 341 4.02
26.67 24.92 34.11 41.94 39.22 33.15 60.78 66.85
10 |Samleswari 7.13 1.30 132 1.67 1.89 1.69 1.56 4.66 477 2.97 3.22
27.83 27.70 35.95 39.69 36.22 32.61 63.78 67.39
11 |Lajkura 4.68 0.53 0.53 0.88 0.98 0.55 0.52 1.96 2.03 141 151
26.99 26.07 45.12 48.36 27.88 25.57 72.12 74.43
TOTAL (MCL) 86.36 14.50 14,57 14.34 16.05 15.59 15.93 44.43 46.55 28.84 30.62
32.64 31.31 3227 34.48 35.09 34.22 51.45 53.91 64.91 65.78
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PROJECT WISESTATUS OF LAND RECLAMATIONIN MCL FOR THE YEAR 2014

ARFEA IN 5Q. KM.
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Fig.1: Land reclamation status in OC projects of MCL for the year 2014
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1.0 Background

1.1 Land is the most important natural resource which embodies soil, water, flora, fauna
and total ecosystem. All human activities are based on the land which is the most
scarce natural resource in our country. Mining is a site specific industry and it could not
be 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, there is an urgent need to reclaim and restore the mined out land for its
productive use for sustainable development of mining. This will not only mitigate
environmental degradation, but would also help in creating a more congenial

environment for land acquisition by coal companies in future.

1.2 Keeping above in view, Coal India Ltd. (CIL) issued a work order vide letter no.
CIL/WBP/Env/2009/2428 dated 29.12.2009 to Central Mine Planning & Design
Institute (CMPDI), Ranchi, for monitoring land reclamation. status of all the opencast
coal mines having production of more than 5 million m3 per annum (coal + OB taken
together per annum) based on remote sensing satellite data, regularly on annual basis
for sustainable development of mining. Further, another work order vide letter no.
CIL/WBP/ENV./2011 dated23/08/11 was issued by CIL for monitoring of less than 5
million m3 per annum capacity (Coal +OB) projects from the year 2011 at interval of
three years. This order has been renewed in CIL letter no. CIL/WBP/Env/2011/4706
dated 12.10.2012 for the next five years. The result of land reclamation status of all

such mines to be put on the website of CIL, (www.coalindia.in), CMPDI

(www.cmpdi.co.in) and the concerned coal companies in public domain. Detail report

to be submitted to Coal India and respective subsidiaries.

1.3 Land reclamation monitoring of all opencast coal mining projects would also comply
the statutory requirements of Ministry of Environment & Forest (MoEF).Such

monitoring would not only facilitate in taking timely mitigation measures against
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environmental degradation, but would also enable coal companies to utilize the

reclaimed land for larger socio-economic benefits in a planned way.

1.4 Present report is embodying the finding of the study based on satellite data of the year
2014 carried out for all the OC projects producing more than 5 mcm (Coal+OB) for
Mahanadi Coalfields Ltd.

2.0 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 of wasteland, agricultural 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 protection.

3.0 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, provides only raw digital 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 is given in given in Fig 1. Following steps are involved in land

reclamation /restoration monitoring:

Job No 561410027/(MCL) 2
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Figure: 2 - Methodology for Land Reclamation Monitoring

3.1 Data Procurement: After 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 of vector database.

3.2 Satellite Data Processing: Satellite data are processed using ERDAS IMAGINE

2014 digital image processing s/w. Methodology involves the following major steps:

o Rectification & Georeferencing: Inaccuracies in digital imagery may occur

due to ‘systematic errors’ attributed to earth curvature and rotation as well as

‘non-systematic errors’ attributed to satellite receiving station itself. Raw digital

images contain geometric distortions, which make them unusable as maps.

Therefore, georeferencing is required for correction of image data using ground

control points (GCP) to make it compatible to Sol toposheet.

Job No 561410027/(MCL) 3
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Image enhancement:

To improve the interpretability of the raw data, image enhancement is
necessary. Local operations modify the value of each pixel based on
brightness value of neighbouring pixels using ERDAS IMAGINE 2014 s/w. and

enhance the image quality for interpretation.

Training set selection

Training set requires to be selected, so that software can classify the image
data accurately. The image data are analysed based on the interpretation
keys. These keys are evolved from certain fundamental image-elements such
as tone/colour, size, shape, texture, pattern, location, association and shadow.
Based on the image-elements and other geo-technical 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 reference data) so that
training sets are selected accurately in the image. This was intended to serve

as an aid for classification.

Classification and Accuracy assessment

Image classification is carried out using the maximum likelihood algorithm. The
classification proceeds 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 matrix of the pixels. After 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 accuracy of the classification was

finally assessed with reference to ground truth data.
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. Area calculation
The area of each land use class in the leasehold is determined using ERDAS
IMAGINE v.2014 software.

o 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 10.2 database.

o Pre-field map preparation

Pre-field map is prepared for validation of the classification result

3.3 Ground Truthing:
Selective ground verification of the land use classes are carried out in the field and

necessary corrections if required, are incorporated before map finalization.

3.4 Land reclamation database on GIS:
Land reclamation database is created on GIS platform to identify the temporal

changes identified from satellite data of different cut-of dates.

Job No 561410027/(MCL) 5
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4.0 Land Reclamation Status in Mahanadi Coalfields Limited

4.1  Following eleven opencast projects of MCL producing more than 5 million cubic meter
and more (Coal + OB) were taken up for land reclamation monitoring during year
2014-15 based on satellite data of the year 2014.

* Ananta

= Balram

= Lingaraj

= Bharatpur

= Bhubaneswari
= Jagannath

= Hingula

= Belpahar

= Lakhanpur

= Samleswari

= Lajkura

4.2 Area statistics of different land use class present in the mine leasehold of the above
projects for the year 2014 are shown in the Table -1. Land use maps derived from
satellite data are shown in Plate 1 - 11. Land reclamation status of the above
mentioned 11 projects, were also prepared for the year 2014-2015. Year wise
changes in the different land use classes based on satellite data are depicted in Bar
Charts in Fig.3 - 13.

4.3 Study reveals that out of total 46.55 Km? excavated area; 30.62 Km?2 area (65.78%)
is under reclamation. Out of which 14.57 Km2 (31.31%) area has been re-vegetated
and 16.05 Km? (34.48%) area is under backfilling.

4.4 Analysis of satellite data indicates that area of plantation has increased from 14.50
Km? (2013) to 14.57 Km? (2014). This increase of 0.07 Km? plantation areas in

one year indicates that MCL is committed for reclamation of mine land for
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maintaining the ecological balance in the region. It has been observed in some of
the projects natural vegetation has also started growing on stabilized old backfilled

areas and OB dumps due to increase in soil fertility.

45  On comparing the status of land reclamation for the year 2014 with respect to the
year 2013 in different projects, it is evident that area of land reclamation has
increased from 28.84 Km2 (Yr. 2013) to 30.62 Km2 (Yr.2014).

4.6  Outof 11 projects of MCL, Bharatpur OC ranks on top for land reclamation
(78.38%) followed by Lajkura OC (74.43%).

Job No 561410027/(MCL) 7
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Table 2: STATUS OF LAND RESTORATION / RECLAMATION IN MAHANADI COALFIELD LIMITED BASED ON SATELLITE DATA OF THE YEAR 2014

(Area in Sg. Kms.)

ANANTA BALRAM LINGARAJ BHARATPUR BHUBANESHWARI JAGANNATH HINGULA BELPAHAR LAKHANPUR SAMLESWARI LAJKURA TOTAL
Area I % Area % Area % Area % Area % Area % Area % Area % Area I % Area % Area I % Area I %
g |Dense Forest - 000 000 [ 000 000 | 000 000 | 004 038 | 000 0.00 000 000 | 000 000 [000 000 1.65 1018 [ 007 | 105 [ 119 2539 2.95 341
% Open Forest - 001 026 [ 013 125 [o021 289 | 073 770 | 086 11.76 001 021 | 000 000 |[001 010 279 1722 011 | 158 [ 061 1301 547 6.33
Total Forest (A) 001 | 026 [ 013 [ 125 |o021| 289 [o76| 808 | 086 | 1176 |oo1| o021 [o000] o000 [oor] o010 | 444 | 2740 [019] 263 | 180 [ 3840 | 842 | 974
% Scrubs (B) l—l 021 | 453 | 200 | 1963 | 1.14 I 1568 | 1.10 | 1167 [ o7 | 9.68 023 | 461 | 0.25 | 515 | 2.33 | 23.90 220 | 1358 | 0.64 | 893 | 035 I 7.53 11.16 | 12.92
8
; Social Forestry - 010 220 [ 021 209 | 043 58 | 036 38 | 042 573 014 28 | 025 517 |[040 411 043 264 | 018 247 | 007 157 2.99 3.46
E Plantation on OB Dump |:| 011 241 [ o027 263 | 033 453 [ 043 453 [ 000 0.00 000 000 | 0238 472 [070 719 030 185 [ 048 674 [ o028 501 312 361
3 |plantation on Backfill |:| 084 1844 [ 093 913 | 014 187 | 176 1867 | 001 014 203 4068 [ 009 18 | 106 1083 077 475 | 067 934 | 018 385 8.47 9.81
Total Plantation(Biological Reclamation C) 105 | 2305 | 141 | 1385 | 089 | 1205 | 255 | 2702 | 043 | 586 217 | 4354 [ 057 | 1176 | 216 | 2212 | 150 | 924 | 132 1855 | 053 [ 1133 | 1457 | 1688
Total Vegetation (A+B+C) 127 | 2784 | 355 | 3472 [224] 3083 [441] 4678 [ 200 [ 2730 [ 241] 4836 [o082| 1691 [449[ 4612 | 814 [ 5022 [215] 3011 [ 268 [ 57.26 | 3415 | 3054
Coal Quarry - 067 | 1469 [ 052 | 509 | 118 | 1619 | 038 | 399 | 151 20.59 025 | 501 | 055 | 1137 | 124 | 1273 1.45 895 | 126 | 17.70 | 042 | 898 942 | 10.92
‘;’ Coal Dump - 013 | 286 | 019 189 | 022 | 300 | 017 | 18 | 029 3.96 022 | 446 | 035 714 [ 009 | 094 0.20 126 [ 007 | 095 | 006 | 118 1.99 2.30
5 Advance Quarry Site |:| 011 | 235 [ 009 | 08 | 020 | 275 | 011 | 113 | 029 397 002 | 031 | 006 120 |[017 | 179 024 150 | 013 | 184 | 004 | 077 145 1.68
§ Quarry Filled with Water |:| 018 | 400 [ 042 410 | 015 | 201 [ 056 | 599 [ 007 1.01 063 | 1263 | 069 | 1430 | 016 | 167 0.09 058 | 010 | 134 | 001 | 019 3.07 355
Total Area under Active Mining 109 [ 2390 [ 122 | 1196 [ 174 [ 2395 | 122 | 1293 [ 217 29.53 112 | 2241 | 164 | 3401 | 167 | 1713 1.99 1229 | 156 | 2184 [ 052 | 1112 | 1593 | 1845
g |Barren OB dump [ [ 000 | 000 | 009 | 091 | 032 | 434 | 006 | 060 | 072 9.79 000 | 000 | 002 046 |002 022 0.01 007 | 007 | 095 | 004 | 093 135 156
g Area Under Backfilling - 162 | 3556 [ 197 | 1932 | 101 | 1385 | 181 | 19.25 | 030 414 089 | 1782 | 096 | 1985 | 086 | 8.83 251 1548 | 1.83 | 2564 [ 094 | 2009 | 1470 | 17.02
& otal Area under Technical Reclamation 162 | 3556 | 207 | 2023 | 1.32 | 1819 | 1.87 | 1985 | 1.02 | 13.93 089 | 1782 | 098 | 2031 | 0.88 | 9.05 252 | 1555 | 1.89 | 2659 | 098 [ 21.02 | 16.05 | 18.58
[Total Area under Mine Operation 271 | 5944 | 329 [ 3219 [ 306 | 4214 | 309 | 3279 [ 319 | 4345 201 | 4023 | 263 | 5432 | 255 | 2647 451 | 2784 | 345 | 4843 [ 150 | 3213 | 3198 | 37.03
g |Waste Lands [ | 030 | 656 | 087 | 848 | 075 | 1034 | 112 1187 | 043 5.81 034 | 681 | 070 1456 | 158 @ 16.22 0.70 433 | 088 | 1237 | 040 | 855 8.07 9.34
é Fly Ash Pond/Sand Body [ 1] o000 000 | 000 | o000 [o000| o000 [o000 o000 | 000 0.00 000 | 000 | 003 058 |[000 0.00 0.00 000 | 000 000 | 000 | 000 0.03 0.03
% [otal Wastelands 030 | 656 | 0.87 | 848 | 0.75 | 1034 | 112 | 1187 [ 043 | 5.81 034 | 681 | 073 | 1513 | 158 | 16.22 0.70 | 433 | 088 | 1237 | 0.40 | 8.55 8.09 | 9.37
§ |Reservoir, nallah, ponds etc. - 003 | 058 [ 020 197 [ o008 | 113 | 004 | 043 | 006 077 001 | 010 | 012 | 240 [ 026 264 017 106 | 006 | 091 | 001 | 017 1.03 119
2 [Fotal Waterbodies 003 | 058 [ 020 [ 197 |o008] 113 [o00a] o043 | 006 [ 077 001 [ o010 [o012] 240 |o026] 264 | 017 | 106 [o006] o091 [oo01| o017 | 103 [ 119
% Crop Lands |:| 000 | 000 [ 000 | 000 | 000 000 | 000 000 | 000 0.00 000 | 000 | 000 000 |[000 000 0.00 000 | 000 000 | 000 | 000 0.00 0.00
é Fallow Lands |:| 015 | 339 [ 175 | 1718 | 087 | 1193 | 047 497 | 148 20.18 003 062 [047 | 972 | 050 | 515 251 1551 [ 038 | 520 [ o004 001 866 | 10.03
< [Total Agriculture 015 | 339 | 175 [ 1718 | 087 | 1193 | 047 497 | 148 20.18 003 | 062 [047]| 972 | o050 [ 515 251 1551 [ 038 | 520 [ o004 | o001 866 | 10.03
» |Urban Settlement - 000 | 000 [ 002 017 | 002 | 025 [ 000 000 [ 0.00 0.00 000 | 000 | 001 | 013 |[001 | 013 0.00 000 | 000 000 | 000 | 000 0.05 0.06
% Rural Settlement - 0005 010 [ 011 108 [ o010 | 138 | o012 | 122 | 015 2.05 000 | 000 | 005 093 |[011 | 113 0.09 059 | 003 | 039 | 000 | 000 0.76 0.88
E Industrial Settlement |:| 009 | 208 [ 043 | 4210 | 015 | 201 | 018 195 | 003 043 019 | 388 | 002 | 046 | 024 | 244 0.07 046 | 018 | 248 | 005 | 0.99 164 1.90
Total Settlements 010 | 219 | 056 | 547 | 026 | 364 | 030] 317 | 018 | 248 019 | 388 | 007 ] 152 | 036 | 3.70 017 | 105 | 021 | 283 | 005 ] 099 245 | 284
GRAND TOTAL 456 | 100.00 | 10.21 | 100.00 | 7.26 | 100.00 | 9.43 | 100.00 | 7.33 T 100.00 4.99 | 10000 | 483 | 10000 [ 9.74 | 100.00 ]| 1620 | 100.00 | 7.13 | 100.00 | 4.68 | 100.00 | 86.36 | 100.00
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85°80°E 85°§ 0°E 85°90°E 85°930°E Area Statistics - Ananta OCP (2014)
g N g Classes Colour| Am‘:rea —
o ) % LS | Leveld Level 1T o0
g W E 2 evE eve ®m?)| Total
o Open Forest (A) 0.01) 026
Scrubs Scrubs (B) 0.21] 453
Social Forestry 0.10] 220
Plantation Plantation on Backfill 0.84] 18.44
Plantation on OB Dump 0.11] 241
Total Plantation (C) 1.05] 23.05
= Total Vegetation(A+B+C) 1.27] 27.84
) £ Agriculture |Agriculture Land 0.15| 339
;B 7] -2 (Waste Land |Waste Land 0.30] 6.56
& = Coal Quarry 0.67] 14.60
Area Under Backfilling 1.62] 35.56
- Water Filled Quarry 0.18] 400
: ] o 0.13] 2386
ANANTA OCP Advance Quarry Site 0.1 235
Total Mining Area 2.71] 59.44
Settlements Rural Setiement 0.00] 010
g = Industrial Settlement 0.09] 2.08
e 2 Total Setdlement Area 0.10f 2.19
i "5 [Water Body |River, Ponds 0.03] 058
o~ =
o
Total | 4.56] 100.00
Customer Mahanadi Coalfields Limited
Title Land Reclamation Monitoring of OC Projects i
= Subject o o .
E i Land Reclamation Activity | Name Designation Signature | Date
- Status of Ananfa | p d | A Bisw
epare; iswas | DyIer{Geology)
& OCP  based on
Satellite Data | Checked |R.Kumar |CM RSC)
(RS-2LIV)  of
INDEX the year 2014 Approved | N.P. Singh | GM (Geomatics)
—-—-. Mine Lease Boundary
—— Coal Transportation Road m Sede 9 025 05 Shest 1
== [Plate-1] :
DrgNo. HQ REM 07 A4 14 01 Rev No.0
T T T T
8578 0'E 85°830°E - 85°930°E
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85°40E 85°430°E 85°50E 85°530°E 85°60'E Area Statistics - Balram OCP (20]4}
1 1 L 1 1
Classes Colour Area
N Area
) Levell Level Tl 3| oot
W E (Em~)| Total
Open Forest () 013 125
- § Scrubs Scrubs (B) 2.00] 19.63
= g Social Forestry 021 2.09
Q':": T - Plantati Plantation on Backfill 093 213
= g [ [Planmtion on OB Dump 027 263
Total Plantation (C) 141 13.84
Total Vegetation(A+B+C) 355 34.72
Agricultwe [Agriculture Land 175 17.18
= Waste Land |Waste Land 087 848
g g Coal Quarry 052 s5.009
= | & Barren OB Dump 009 091
:C'\‘ g Area Under Backfilling 197 1932
™ [Miring Area |Water Filled Quarry 042 4.10
Coal Dump 019 189
Adwance Quarry Site 0.0% 083
Total Mining Area 329 3219
£ z Rural Settlem ent 011] 108
- | & |Settlements |Urban Setdement 002] 017
g = Industrial § etdement 043] 421
- Total Settlem ent Area 0.56] 5.47
Water Body |River, Ponds 020/ 1.97
Total| 10.21) 100.00
=
£ £
™
w = . . .
2 Customer Mahanadi Coalfields Limited
[
o™
Titk Land Reclamation Monitoring of OC Projects o
Sub ject . Activity | Name Designation Signamwre |Date
Land Reclam ation
Status of Balram | preparsd | A Biswas | Dy Mer.(Geology)
% OCP  based on
= - - Satellite Data | Checked |R. Komar |[CMESC)
= INDEX RE-2L1V) of
o —- Mine Lease Boundary —+— Railway Line the vear 2014 Approved |N.P. Singh | GM(Geomatics)
— Ceal Transportaion g poag Scale: 0025 05 1 Sheet 1
Foad e KM
Drg No. HQ REM 07 A414 02 RavNo.0
T 1 1 T 1
85°40E 85°430°E 85°50°E 85°530°E 85°60°E
Job No 561410027/(MCL)
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85°100°E 25°10°30°E 85°11'0°E 85°11'30°E 85°120°E 85°1230°E 85°120°E 85°13'30°E 85°140°E
L 1 L 1 1 L 1 1 L
] N
- =
E v =z
3 “"9" g
E: S =
(]
INDEX
= —-—. DMineL ease Boundary
= —— Railway Line =
g Cod Transportation Road| | &
o —— OtherRoad o
a = g
- - - - o™
Area Statistics - Lingaraj OCP (2014)
Classes Colour Area
Area | o4 qf
= Level-I Level 1T . -
£ evel aveE &) Tot || 2
- - E
. 'Open Forest (A) 0.21| 2.89 e
& Scrubs Scrubs (B) 114 1568 || £
Sodal Forestry 04 386 ||
Maniahos Plantation on Backfill 0.14| 187
Plantation on OB Dump 0.33] 433
= Total Plantation (C) 0.80| 1225
S Total Vegetation(A:B+C) 2.4 308 || =z
27 Agriculture |Agriculture Land os| 1103 | 8
= 'Waste Land |[Waste Land 0.75] 1034 -y
(=]
Coal Quamy 1.18) 1619 i
Customer Mahanadi Coalfields Limited Barren OB Dump
. I . - Job Mo, Area Under Backfilling
B TlrJE. L and Reclam ation Monitoring of OC Projects 31410027 Mining Area [Water Filled Q )
5 iﬂ"gedmatim Acivity | Mame Designation Sigmstsse | Date i{;al Dump — z
£ | Status of Lingaraj | Brepared | A Biwas | DyMer.(Geclogs) s sy ﬂr’. - .
& |OCP  based on Total Mining Area il
Satellite Da | Checked | R Kuwmar |CMESC) Rural Settlement £
RSIL-IV)  of Settlements |Urban Setflement
the year 2014 Approved | N P Singh | GM(Gecmati
ha il i it Industrial Setflement
= Seals: 0 025 05 1 Shest 1 Total Settlement Area
£ —— Km ‘Water Body |River, Ponds =
;E- Dxz No. HQ REM 07 A4 14 03 Rev Nod b=
g Total | 7.26] 100.00 | [
1 1 1 1 1 1 1 1 1 %
85°100°E 85°10°20°E 85°11'0°E 25°11'30°E 85°120°E 25°12'30°E 85°130°E 85°1220°E 85°140°E
Job No 561410027/(MCL)
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12

85°530°E 85 TUE 85°TI0E 855 UE 85°330°E Area Statistics - Bharatpur OCP (2014)
1 1 1 1 1 Classes Colour Area
Area | 9 of
Level-I Level-I
ev ev ®mY)| Tota
Dense Forest 0.04] 038
Forest Are
OFESEAIER | G en Forest 073] 7.70
- Total Forest Area (A) 0.76| 8.08
£ _ z Scrubs Scrubs (B) 1.10] 1L67
8 e 2 Social Forestry 036 382
[=] e -
~ o . Plantation on Backfill 1.76] 18.67
o™
S e ——" e — 043] 453
Total Plantation (C) 255 27.02
[ Danara Revemie Total Vegetation{A+B+C) 4.41| 46.78
Forest Asriculture |Agriculture Land 047 497
= = Waste Land |Waste Land 112| 1187
o g Coal Quarry 038 390
= E
- - [ Barren OB Dump 0.06| 060
8 rv g Area Under Backfiling 181] 1925
-~ LMininz Area |Water Filled Quarry 036] 599
BHARATPUR OCP Coal Dump 017] 182
Advance Quarry Site 011 1.13
Total Mining Area 3.09| 3279
= Fural Settlement 0.12( 122
B = Setd ts
e 5 FEMENE ndustrial Setdement 0.18] 195
< B Total Settlement Area 0.30] 317
™~
S Water Body |River, Ponds 0.04] 0.43
Total | 9.43| 100.00
Customer Mahanadi Coalfields Limited
=
& Title Land Reclamation Monitoring of OC Projects pror
w
w
: Sub ject o : :
o
=] Land Reclam afion Activity | Name Desgnaton Sigmture | Date
Status of | Prepared | A Biswas | Dy Mar(Gealogy)
Bharatpr  OCP
based on Satellite | Checked |R. Kumar | CM(RSC)
INDEX Data (RS-2L-V)
Z | |—- Mine Lease Boundary —— Railway Line of the year 2014 | Approved | N.P. Singh | GM (Geomatics)
=
B |__ Coal Transportation — Other Road Sede: L em Shest 1
=] Road
DrzNo. HQ REM 07 Ad 14 04 Rav No.0
T T T T T
85°F30"E 85°TO'E 85°T0E 85°80°E a85%8'30"
Job No 561410027/(MCL)
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85°8330°E 85°90'E 85°930°E 85°10°0°E 85°10°30°E 85°11'0°E = fati o
; , S ; : \ = | Area Statistics - Bhubaneswari OCP (2014) |
E Classes Colour Area
o Area ;
S| Lever Leveldl e
(Km?3| Total
Open Forest (A) 0.86] 11.76
Secrubs Scrubs (B) 0.71] 9.68
= Social Forestry 042 373
= g Plantation  |Plantation on Backfill 001] 0.14
s -2 Total Plantation (C) 0.43] 586
o = Total Vegetation{A+B+C) 2.00] 27.31
Agricultre  [Agriculture Land 148] 20.18
Waste Land (Waste Land 0.43] 3.81
Coal Quarry 151] 2059
= - Barren OB Dump 072 9.7¢9
- 8 [Area Under Backfilling 0.30] 4.14
B - oo [Mining Area [Water Filled Quarry 0.07] 101
g :c.\l (Coal Dump 029 395
Advance Quarry Site 029 397
Total Mining Area 3.19] 43.45
et il Fural Setement 0.15] 2035
eftlem erts
= Industrial §ettlement 0.03] 043
= g Total Settlement Area 0.18] 2.48
ﬁl-'j! - ‘Water Body |River, Ponds El.ﬂﬁl 0.77
&8 =
o~
Total | 7.33] 100.00
z Customer Mahanadi Coalfields Limited
_g n N : : : : Job No.
b Titke Land Reclamation Monitoring 0 fOC Projects 381410027
o =
o Euat]:éegeclmn afion Activity | Name Designation Signaue | Dae
Status of | Prepared | A Biswas | DyMer(Geology)
Bhubanesw ari
OCP  based on |Checled |R. Kumar CM (RIC)
= Satellite Data
e | INDEX gs—l-i—g'& of | Approved | N.P.Singh | GM(Geomatics)
L | 4
g mmm Mine Lease B oundary e PP ——— i
= (ther Road Plat S KM et d
Drg Mo. HQ REM 07 A414 05 Rev No.0
T 1 1 T 1
8578 30°E 85°00°E 859 30°E 85°10°0°E 85°10°30°E 851
Job No 561410027/(MCL)
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8578 0E 85°530E 859 0'E 85°030°E
: ! : : Area Statistics - Jagarmath OCP (2014) |
N Classes Colour Area
“"’1‘%‘1‘3 Levell Leveldl Awea | %of
avel avel &m3)| Tota
o Open Forest () 0.01] 021
= - Scubs Scrubs (B) 0.23] 4.61
) £ Social Foresty 0.14[ 286
2 = . -
= @ Plantation Plantation on Backfill 2.03] 40.68
- & Total Plantation (C) 2.17] 43.54
Total Vegetation(A+B+C) 2.41] 48.36
Agriculture [Agriculture Land 0.03] 0462
Waste Land |Waste Land 034 6.81
- Coal Quarry 0.23] 501
= £ Area Under Backfilling 089 1732
BT N . Water Filled Quarry 0.63] 12.63
w0 =
g = Mining Ared [ Dump 0.22| 446
Advance Quarry Site 0.02f 031
Total Mining Area 2.01] 40.23
Settlement  |Industrial 0.19] 338
‘Water Bodv |River, Ponds 0.01] 0.10
z = | Total | 4.99] 100.00
= =)
< B
S :D“ INDEX
JAGANNATH OCP —-—. MineL ease B oundary
—+ Railway Line
——— Coal Transportation Road
= Other Road
£ z
a g Customer Mahanadi Coalfields Limited
w7 -
g f Title Land Reclamation Monitoring of OC Projects L
™ [Subject iy S .
Land Peclamation Activity | Name Designation Signatue | Dee
Status of | Prepared | A Biswas 1.(Geol
Jagannath  OCP s v =
based on Satellite | Checlzd | B Kumar | CM(RSC)
= Data (RS-2/L-IV)
5 | £ |oftheyear2014 | Approved | NP Singh | GM(Geomatics)
w0 = D)
=) o ] 0 025 05 1
o g feale: ———Km Sheet 1
Drg No. HQ REM 07 A4 14 06 Rav No 0
T T T T
858 0'E 8578 30°E 859 rE 859 30°E
Job No 561410027/(MCL)
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B ITE 85 130°E B 20E 85°70°E Area Statistics - Hingula OCP (2014)
L L L L Classes Colour| Area
Level1 LeveldI ;ﬁ) ot of Tout
Scrubs Scrubs (A) 025 515
Soaal Forestry 025 517
= Plantaion Plantation on Backfill 009 1.86
e = Plantation on OB Dump 023 472
R = Total Plantation (B) 057 11.76
g & Total Vegetation(A+B) 0.82) 1691
& |Agialture |Agriculture Land 047 972
Waste Land Waste Land 070 1436
Sand Body 003 0.58
Total Waste Land 073 1513
Coal Quarry 055 1137
Barren OB Dump 002 046
% - Area Under Backfilling 096 1985
= | g Mining Area |Water Filled Quarry 069 1430
g e Coal Dump 035 7.14
o Advance Quarry Site 0.06 120
Total Mining Area 263 5432
Rural Settlement 005 093
Settlements  |Urban Settlement 0.01 0.13
Industrial Settlement 002) 046
Total Settlement Area 007 132
£ z [Water Body |River, Ponds 0120 240
g Bk Total | 483 100.00
Customer Mahanadi Coalfields Limited
Title Land Reclamation Moni toring of OC Projects i
E:tt é"g e St Activity | Name Designation Signature | Date
Status of Hi a i B, ;
z — basegglgln Prepared | A Biswas | DyMar(Geclogy)
= Satellite Data | Checked | R Kumar |CM(RSC)
= RE2LIV) of
o Index the vear 2014 Approved | MN.P. Singh | GM(Geomatics)
— Mine Lease  _ Coal Transportation Roads - :
@ Setflements — Other Roads Hale 8 cm‘pcli Seale: [£5:-I1Km SHEEE
. . . . AlickiuCopsy | Dirg No. HQ REM 07 A414 07 Rav No.0
85°TIrE 85°130°E 85°Z0'E 85°Z30°E

Job No 561410027/(MCL)
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835030 83510 83°5130°E 83208 83°5230°E Area Statistics - Belpahar OCP (2014)
N Classes Colowur Area
Area | 94 of
W #E LevelI Level 1T X3 Totd
= Open Forest (A) 0.01] 0.10
= § 5 Scrubs Scrubs (B) 2.3 2390
e 2 Socid Foresay 040 411
- = lantation | F12nat0n onBackfill 1.06] 1083
™ Plantation on OB Dump 0.701 7.19
Total Plantation {C) 2.16] 2212
Total Vegetation(A+B+C) 1.49) 4612
- = Asriculiwe |Agriculture Land 0.30] 35.15
2 @ Waste Land | Waste Land 1.58 1622
7 = Coal Quarry 1] 1273
[ Barren OB Dump 0.02] 022
Area Under Badkfilling 0386 883
Miring Area |Water Filled Quarry 0.16] 167
= Cosl Dump 0.09] 004
£ = Advance Quarry Site 0.17] 1.7¢9
e = Total Mining Area 2.55) 2617
bl & Rural S ettlem ent 011 113
B Setflements |Urban Setlement 001 0.13
Industridl Setflement 024] 244
Total Settlement Area 0.36] 3.70
= g Water Body |Riv er, Pond s 0.26] 2.64
o 2
#7 2 0.C.M Colony = Total| 9.74] 100.00
o™~
Customer Mahanadi Coalfields Limited
z £ | Titte Land Reclamation Monitoring of OC Projects | 2235
s | Z | Subjeet e N 3
_} :& Lamli R eclam ation Acfisity | Name Designation Signatue | Date
& Status of Belpahar | Prepared | A Biswas | Dyv.Mar(Geology)
OCP baszed on
Satellite Data | Checked |R. Kumar |CM(RSC)
= | ®S-2L-IV)  of
z Index & | the year 2014 Approved | N.P.Sinzh | GM(Geomatics)
2 —- Mine Lease —— Railways 3
= -
:c; ® Setflements — Other Roads o Scale: Sheet 1
— Coal Transportation R oads Bt DreNo. HQ REM 07 At 14 08 Rev No
£3°5030°E 83°510°E 83°5130°E 8" 520°E 835230
Job No 561410027/(MCL)
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83°48°30°E 83°490°E 83°49°30°E B3°500°E B3°50°30°E B3"510°E B3"5130°E Area Statistics - Lakhanpur OCP (2014)
1 1 1 1 1 1 1
= Classes Colour Area
z =] Area | 9% of
E - Level-I LevelI
- w E | = i ik ®m?d| Total
= | o Forest Area Dense Forest 1.65| 10.18
Open Forest 2.79] 1722
- Total Forest Area (A) 4.44] 2740
= g Scrubs Scrubs (B) 2.20] 1358
= B Social Forestry 0.43] 2.64
= = lmtion | PLAAEt0N on Backfill 077 475
&N Plantation on OB Dump 0.30] 183
M. Warkshop Total Plantation (C) L50) 9.24
i = Total Vegetation(A+B+C) 814 50.22
% = Agricultwre  |Agriculture Land 251 13351
2 5l Waste Land |Waste Land 0.70] 433
5 o Coal Quarry 1.45] 895
Batren OB Dump 0.01] 0.07
= Area Under Baclfilline 2.51] 1548
= =] Mining Area |Water Filled Quarry 0.09] 058
[=] |~
o Q Coal Dump 0.20] 126
;‘* = Advance Quarry Site 0.24] 1350
& Total Mining Area 4.51| 27.84
Settlements Rural Settlement 0.08] 0.59
- = Industial Sefflement 0.07] 046
£ -5 Total Settlement Area 017 105
=1 8. ‘Water Body |River, Ponds 0.17] l.06
= o
N
Total | 16.20( 100.00
% Customer Mahanadi Coalfields Limited
o
3 Title Land Reclamation Monitoring of OC Projects e
o
Sub ject A vt P— ;
Land Redam ation Activity | Name Desgnation Signature | Date
Status of | Prepared | A Biswas | DyMar.(Geclozy)
. Lakhanpur  OCP i -
37 based on Satellite | Checked |R. Kumar |CMRSC)
o Index Data (RS-2/L1IV)
— Minslesst  —+ Railways of the vear 2014 Approved | N.P. Singh | GM (Geomatics)
= ® Settlements  —Other Roads Sedle: 0 0375 075 1 ?{m Sheet 1
. - L e——
8 ~— Coal Transportation Roads
= I I I I I I I DrgNo. HQ REM 07 A4 14 09 Rav No.0
B §3T4E30E 83°490°E 83°49°30°E 83°50'0°E 83°50°30°E 33°51'0°E 83°5130°E
Job No 561410027/(MCL)
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21°48'0"N 21°48'30"N

21°47'30"N

Area Statistics - Samleswari OCP (2014)
Classas Colour Ares
Ares | wy
Level.I Level.Il ®&md)| Tomt
Dense Forest 007] 105
Forest Area O aToss
Total Forest Area
Scrubs Secrubs (B) 8.93
Social Forastry 247
: Plantation on Backfill
Flantaii
S Plantation on 0B Dump .
Total Plantation (C) 1.32] 18.53
Total Vegetation(A+B+C) 2.15] 3011
Asriculture |Agriculture Land 0.38] 320
[Waste Land |[Waste Land 03s8] 1237
Coal Quarry 126 17.71
Barren OB Dump 0.07] 095
Ares Under Backfilling 1.83] 2564
Mining Area |Water Filled Quarry 0.10] 134
Coal Dump 0.07] 095
Adwvance Quarry Site 0.13] 1.84
Total Mining Area 3.45] 4843
Bural Setlement 0.39
Setflements 1 dustrial Setflement 248
Total Settlement Area .88
Water Body |River, Ponds 0.06] 091
[Total| 7.13] 100.00

Index

— Nine Leazs —— Railways
o Setflements = Other Roads
= Coal Transportation Roads

21°47'0"N

83°53'0°E 83°53'30°E
1 1
N
“’#E

z S

=

I

=

&

=

=]

o -

&

SAMLESWARI OCP

rd

=]

I

.

=

=

=1

-

=

1 1
83°53'0°E 83°5330°E

R Mahanadi Coalfields Limited
Tile - - - Too Mo,
L and Redamation Monitoning of OC Projects se41007
Subjeet Aetwity | Dasiznation Sismars | Dam
Land  Reclamation Rl i il i
Status of Samleswan |Brapard | A Biswas | DyMer(Geolozy)
oCcP based o
Satellite Data (R 5-21L -
Checled  |R.K CMES
IV) of the year 2014, = —_
J Apgroved | M. P Singh | GM(Gzomatics)
cmpatr .y 025 05 I
o i Kaea Comping
Drz No. HQREM 07 A4 1410 REVI0.0

Job No 561410027/(MCL)
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= 83°53'30"E 83°54°0°E 83°54'30°E 83°855°0"E
=] 1 1 1 1 — -
=k Area Statistics - Lajkura OCP (2014)
5 Classes Colour Area
Ar ]
Level Level 11 o M
(Em?3| Total
Dense Farest 1.19] 2539
et .. Farest 061 1301
Total Forest Area (A) 1.80] 38.40
=z Scrubs Scrubs (B) 0.35] 7.53
£ = Social Forestry 007 137
% b ? Plantation Plantation on Backfill 0.18] 3.85
. & [Plantation on OB Dump 028] 591
[
Total Plantation (C) 0.53] 11.33
Total Vegetation{A+B+C) 268] 57.26
: Agriculture |Agriculture Land 004] 091
LAJKURA OCP / o Waste Land |Waste Land 0.40] 855
(Coal Quarry 042] 893
‘( o Barren OB Dump 0.04] 093
- / = Area Under Backfilling 0.4 2009
;2 // = Mining Area [Water Filled Quarry 0.01] 0.19
X 7 = Coal Dump 006 1.13
& Advance Quarry Site 0.04] 0.77
Total Mining Area 1.50] 32.13
Settlement  (Industrial 0.03] 099
Water Body |River, Ponds 0.01] 0.17
Total | 4.68] 100.00
- N
= S | Customer Mahanadi Coalfields L imited
= o -
- & | Title Land Reclamation Monitoring of OC Projects R
o™
Is_gua.z:iege clam afion Activity | Name Designation Stgnature | Dats
Status of Lajlura | Prepared | A Biswas | DyMer(Geology)
QCP  based on
Satellite Data | Checked |F FKumar |CMESC)
Index (RE2L-TV) of
—- Mine Lease —— Railwavs = | the year 2014 Approved | N.P. Singh | GM(Geomatics)
= ) o
& + Setiements — Coal Transportation Roads Plate-11 -2 Seale: 0 025 05 1 Sheet 1
F il cmPJt ) KM
il i o
B T T T Alfedialmy | Drg No. HQ REM 07 A414 11 Rev Nod
83°5330°E 83°54'0°E 83°54'30°E
Job No 561410027/(MCL)
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STATUS OF LAND RECLAMATION IN ANANTA OCP

3
E ) Year
= 02012
2 m2013
©
3 1 o2014
0
Settlement Plantation \egetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 3
STATUS OF LAND RECLAMATION IN BALRAM OCP
4
E 3 Year
~
= m2012
% 2 m2013
2 02014
=< 1

Setllement Plantation Vegetation Wasteland Mining Surface
Cover Area water

Landuse /Cover Classes

Figure 4

Job No 561410027/(MCL)
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STATUS OF LAND RECLAMATION IN LINGARAJ OCP
2 Year
x
= m2012
(7]
P 02013
=
< 02014
Setllement Plantation Vegetation \Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 5
STATUS OF LAND RECLAMATION IN BHARATPUR OCP
5
;: 4
E Year
X 3 m2012
@
5 2 02013
@
g 1 @2014
0
Setllement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 6
Job No 561410027/(MCL)

21



CMPDI

STATUS OF LAND RECLAMATION IN BHUBANESWARI OCP

g

£ Year
x

=3 02012
Eal

© @2013
e

<t 02014

Settlement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 7
STATUS OF LAND RECLAMATION IN JAGANNATH OCP
3
g 2 Year
< B2012
=2
) m2013
E 1 o2014
=T
0
Settlement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 8
Job No 561410027/(MCL)
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STATUS OF LAND RECLAMATION IN HINGULA OCP
2 Year
x
o m2012
2.
@ 02013
o
< o2014
Setllement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 9
STATUS OF LAND RECLAMATION IN BELPAHAR OCP
5
5 4
E Year
< 3 m2012
=3
«® m2013
g 2 m2014
<
1
0
Setllement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 10
Job No 561410027/(MCL)
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STATUS OF LAND RECLAMATION IN LAKHANPUR OCP
10
“;i“ 8 R =t
£ | % Year
5
s 6 m2012
Gt
g 4 = @2013
< 3 3 3 <7 m2014
2 A o o ™~
S s o
0 ——
Setllement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 11
STATUS OF LAND RECLAMATION IN SAMLESWARI OCP
E Year
x
= m2012
e 02013
o
g 02014
<T

Setllement  Plantation Vegetation Wasteland Mining Surface
Cover Area water

Landuse /Cover Classes

Figure 12
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STATUS OF LAND RECLAMATION IN LAJKURA OCP
3
E 9 Year
x
i m2012
e 02013
[}
e 82014
<
0
Setllement Plantation Vegetation Wasteland Mining Surface
Cover Area water
Landuse /Cover Classes
Figure 13
Job No 561410027/(MCL)
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. o e

Backfill (Balram OC Mine

L =5 B - . x

Photograph-2: Plantation on Internal OB/

Job No 561410027/(MCL)
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Photograph-3: Plantation on Internal OB/Backfill (Lingaraj OC Mine)

ol
iy H '_.

-
3 I N 4

Photograph-4: Plantation on Internal OB/Backfill (Bharatpur OC Mine)

Job No 561410027/(MCL)
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‘.

e = & g

ternal OB/Backfill (Jagannath OC Mine)

Photograph-5: Plantation on In

0

Photograph-6: Plantation on Internal OB/Backfill (Hingula OC Mine)

Job No 561410027/(MCL)
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Photograph-7: Plantation on Internal OB/Backfill (Belpahar OC Mine)

Job No 561410027/(MCL)
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Photograph-9: Plantation on Internal OB/Backfill (Samleswari OC Mine)

Photograph-10: Plantation on Internal OB/Backfill (Lajkura OC Mine)
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