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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. Ananata, Balram, Lingaraj,
Bharatpur, Bhubaneswari, Jagannath, Hingula, Belpahar,
Lakhanpur, Samleswari, Lajkura considered for monitoring
during 2010-11; total mined out area is 38.23 Km? (44.27%), out
of which 13.85 Km? area (36.23%) has been planted, 11.04 Km?
area (28.88%) has been backfilled and 13.34 Km? area (34.90%)
is under active mining. It is evident from the analysis that 65.11%
areas of the OC projects have already been reclaimed and
balance 34.90% 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 2010
with respect to the year 2009 in different projects, it is evident
from the analysis that area of land reclamation has increased
from 17.02 Km? (Yr. 2009) to 24.89 Km? (Yr.2010). Out of 11
projects of MCL, Lajkura OC ranks on top for land reclamation
(76.71%) followed by Lakhanpur (74.10%) and Jagganath
(70.20%).

Area of plantation has increased from 9.47 Km? (Yr.2009) to
13.85 Km? (Yr.2010) in MCL. This increase in area of plantation
is the result of the efforts of the MCL taken up towards
environmental protection.
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Table-1

Projectwise Land Reclamation Status in Opencast Projects of MCL
based on Satellite Data of the year 2010

Project Plantation Backfill Active Mining Total Mined out Area Total Reclaimed Area
sl. No. Name Leasehold (i) (ii) (iii) (i+ii+iii) (i+ii)
(i) 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
1 ANANTA 4.56 0.78 0.94 0.46 0.83 1.54 1.59 2.79 3.36 1.25 1.77
28.12 27.98 16.63 24.71 55.27 47.33 44.74 52.68
2 BALRAM 10.21 1.07 0.92 0.92 1.86 1.66 1.58 3.65 4.36 1.99 2.78
29.23 21.11 25.26 42.67 45.52 36.24 54.49 63.77
3 LINGRAJ 7.26 0.63 1.17 0.56 0.99 1.72 1.61 291 3.77 1.19 2.16
21.69 31.04 19.08 26.26 59.25 42.71 40.76 57.30
4 BHARATPUR 9.43 1.29 2.27 1.44 1.45 1.37 1.98 4.10 5.70 2.74 3.72
31.49 39.83 35.19 43.16 33.34 58.93 66.67 65.27
5 BHUBANESWARI 7.33 0.06 0.52 0.16 0.20 0.25 0.33 0.46 1.05 0.22 0.72
12.07 49.53 34.70 19.05 53.24 31.43 46.77 68.58
6 JAGANNATH 4.99 1.72 2.02 0.58 0.90 1.70 1.24 3.99 4.16 2.29 2.92
42.97 48.56 14.40 21.64 42.64 29.81 57.37 70.20
7 HINGULA 4.83 0.50 0.57 0.27 0.77 1.20 1.12 1.97 2.46 0.76 1.34
25.30 23.18 13.59 31.31 61.12 45.53 38.89 54.48
8 BELPAHAR 9.74 1.49 2.13 0.67 0.67 1.39 1.41 3.56 4.21 2.16 2.80
41.97 50.60 18.86 15.92 39.18 33.50 60.83 66.51
9 LAKHANPUR 16.20 0.66 1.48 1.13 1.38 1.38 1.00 3.17 3.86 1.78 2.86
20.73 38.35 35.58 35.76 43.70 25.91 56.31 74.10
10 SAMLESWARI 7.13 0.88 1.29 0.71 1.18 1.31 1.07 2.90 3.54 1.59 2.47
30.25 36.45 24.49 33.34 45.28 30.23 54.73 69.78
11 LAJKURA 4.68 0.41 0.54 0.66 0.81 0.54 0.41 1.61 1.76 1.06 1.35
25.22 30.69 22.69 46.03 18.73 23.30 66.19 76.71
TOTAL MCL (11) 86.36 9.47 13.85 7.55 11.04 14.08 13.34 31.10 38.23 17.02 24.89
30.46 36.23 24.29 28.88 45.27 34.90 36.01 44.27 54.74 65.11
Area in Sq.Kms.
PROJECT WISE STATUS OF LAND RECLAMATION IN MCL FOR THE YEAR 2010
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Fig.1: Land reclamation status in OC projects of MCL in the year 2010
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1.0 Background

1.1 All human activities are based on the land which is most scarce natural resource in
our country. Per capita land availability in India is the lowest owing to high
population density and less land mass. Out of total 329 million hectare (mha) land
mass of the country, coal mining is limited to only on 0.10% (0.36mha) area. As per
Xl Plan, to meet the energy demand of the country, coal production would be raised
to 680 million tonnes by the end of the year 2011-12 for which about 40,000 hectare
of land would have to be acquired for coal mining projects. It has been envisaged
that 85% coal production would be from opencast mines, which causes land
degradation due to ground breaking. There is an urgent need to reclaim and restore
the mined out land for its productive use for sustainable development of the coal
mining. This will not only mitigate environmental degradation, but would also enable
coal companies to offer the restored lands to displaced families which would help in

creating a more congenial environment for land acquisition in future.

1.2 Keeping above in view, Coal India Ltd. requested Central Mine Planning & Design
Institute (CMPDI), Ranchi who has well equipped remote sensing facilities and
capabilities to develop an effective system of surveillance for land reclamation/
restoration for all the opencast coal mines with production of more than 5 million cu.
m. per annum (Coal + OB taken together) based remote sensing satellite data,
regularly on annual basis for sustainable development of mining operation within
command area of CIL and its subsidiaries. The annual land reclamation/restoration
status report of all such mines to be put on the website of CIL,

(www.coalindia.nic.in), CMPDI (www.cmpdi.co.in) and the concerned coal

companies in public domain. Detail report to be submitted to State Pollution Control
Board and MoEF and concerned CIL’s subsidiaries. Such monitoring would not only

facilitate in taking timely mitigation measures against environmental degradation,
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but would also enable coal companies to utilize the reclaimed land for larger socio-

economic benefits in a planned way.

1.3 Present report is embodying the finding of the study carried out during 2010-11 for
the 11 OC projects of Mahanadi Coalfields Limited (MCL). Similar study were
taken for the year 2008 an 2009 as well.

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:
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Figure: 1 - 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 PCI GEOMATICA

| ERDAS IMAGINE 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
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maps. Therefore, georeferencing is required for correction of image data

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

J 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 PClI Geomatica / ERDAS
IMAGINE 9.3 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.

o 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
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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.

. Area calculation
The area of each land use class in the leasehold is determined using PCI
Geomatica v10.1 / ERDAS IMAGINE v. 9.3 software.

. 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.

) 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.

4.0 Work Plan

4.1  Eleven opencast projects of MCL producing more than 5 million cubic m. (Coal +

OB together) during the year 2010 which have been taken up for land restoration /
reclamation monitoring based on the RESOURCESAT-1(L-1V) satellite data using
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ERDAS Imaging digital image processing s/w on GIS platform. Land reclamation
monitoring will be carried out regularly on annual basis to assess the progressive
status of land restoration / reclamation in the above opencast mines. The report of

this study has been uploaded on the website of CMPDI, CIL & MCL in public

domain.
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5.0 Land Reclamation Status in Mahanadi Coalfields Limited

51  Following eleven opencast projects of MCL producing 5 million cubic meter and
more (Coal + OB) were taken up for land reclamation monitoring during year 2010-
11 based on satellite data of the year 2010.

= Ananata

= Balram

= Lingaraj

= Bharatpur

= Bhubaneswari
= Jagannath

= Hingula

= Belpahar

= Lakhanpur

= Samleswari

= Lajkura

5.2  Area statistics of different land use class present in the mine leasehold of the above
projects for the year 2010 are shown in the Table - 5.1. Land use maps derived
from satellite data are shown in Plate 5.1 - 5.11. Land reclamation status of the
above mentioned 11 projects, were also prepared for the year 2008 and 2009. Year
wise changes in the different land use classes based on satellite data are depicted
in Bar Charts in Fig.5.1 - 5.11.

5.3  Study reveals that out of total 38.23 Km? mined out area; 24.89 Km2 area (65.11%)
has already been reclaimed. Out of which 13.85 Km? (36.23%) area has been
revegitated and 11.04 Km? (28.88%) area are backfilled.
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54  Analysis of satellite data indicates that area of plantation has increased from 9.47
Km? (2009) to 13.85 Km? (2010). This increase of 4.38 Km? plantation areas in
one Yyear indicates that MCL is committed for reclamation of mine land for

maintaining the ecological balance in the region.

5.5  On comparing the status of land reclamation for the year 2010 with respect to the
year 2009 in different projects, it is evident from the analysis that area of land
reclamation has increased from 17.02 Km2 (Yr. 2009) to 24.89 Km2 (Yr.2010). Out of
11 projects of MCL, Lajkura OC ranks on top for land reclamation (76.71%) followed
by Lakhanpur (74.10%) and Jagannath (70.20%).

5.6 It has been also observed that in certain projects of MCL viz Ananta, Balram and
Hinglua; plantation percentage in the year 2010 has reduced marginally in respect to
the previous year i.e. 2009, in spite of increase in plantation area. This has occurred
primarily due to increase in total mined out area in those subsidiaries as depicted in
Table - 1.

5.7 Out of 11 projects of MCL, Lajkura OC ranks on top for land reclamation (76.71%)
followed by Lakhanpur (74.10%) and Jagannath (70.20%).
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Table 4.1: STATUS OF LAND RESTORATION / RECLAMATION IN MAHANADI COALFIELD LIMITED BASED ON SATELLITE DATA OF THE YEAR 2010

(Area in Sq. Kms.)

TALCHER COALFIELDS B VALLEY COALFIELDS —
ANANTA OCP BALRAV OCP LINGARAJ 0CP BHARATPUR 0CP BHUBANESWARI OCP JAGANNATH 0CP HINGULA 0CP BELPAHAR 0CP LAKHANPUR 0CP SANLESWARI OCP LAJKURA OCP
CLASS | Color K % of Total k' ] % of Total K % of Total K| o of Total Kim’ % of Total Ko % of Total k' | oot Tota K % of Total Km' | oot Total K o of otal K | ot Total K| ¢ of Total
= [Dense Forest | o0 0.00 000 | 000 0.00 0.00 0.04 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 201 1241 022 3.09 118 2524 | 345 400
]
& |open Forest N | 00z om 013 124 | o028 391 081 8.59 129 17.60 007 140 000 000 | 004 041 327 20.19 046 645 064 1369 | 702 813
| [Total Forest 003 071 | 043 124 | 028 391 | 08 9.01 129 17.60 0.07 140 000 000 | 004 0.41 5.28 32.59 0.68 9.54 182 3892 | 1047 1213
g
 [Scrubs B) | o 509 195 193 [ 147 2028 | 114 1209 1.07 1460 0.18 361 072 149 | 239 2452 246 15.16 097 1360 | 051 1091 | 1309 1516
[ |Social Forestry | o 237 | 034 335 0.09 127 037 392 052 7.09 006 120 018 377 | 039 401 042 259 0.16 224 0.06 126 | 270 313
5 [Plntatonon OB Durmp | o 230 021 209 0.76 10.42 083 8.80 0.00 0.00 0.00 0.00 0.16 331 0.70 7.19 025 1.54 047 6.59 030 642 378 438
% Plantation on Backiil o 159 | 037 35 | 03 447 107 1135 0.00 000 19 398 022 463 104 1068 081 500 066 9.6 019 396 | 737 833
Total Plantation (C) 094 2066 | 092 902 L17 1616 | 227 2407 02 7.09 202 4048 057 g | 213 2187 148 9.14 129 1809 | 054 1163 | 138 1605
| [Total Vegetation (A+B+C) 121 2646 | 300 2040 | 203 4034 | 426 45.17 2.88 39.29 2.27 45.49 129 2665 | 456 4681 9.22 56.89 2.04 4123 | 287 6146 | 37.42 4334
o
2 |Agricultural Land [0 o4 | 968 | 233 | 228 | 09 1326 | 063 668 3.02 4120 003 060 070 | 1448 | 057 5.85 2386 17.66 041 575 004 086 | 1200 1389
| |Coal Quany [ s | 233 | om | e 132 1823 | LIS 1220 0.14 191 034 681 032 | 634 104 1068 0.8 358 078 1094 | 035 | 749 | 788 | 913
[Advanced Quarry Site I 1.9 010 | 095 0.08 L13 005 0.53 0.02 027 004 080 001 0.14 0.0 1.03 0.19 L17 006 084 002 043 | 076 088
Coal Dump | o | 2% | om | 218 | oa 282 020 212 0.17 23 023 461 037 | 761 | o1 113 0.11 0.70 009 126 003 | 064 | 187 | 2l6
3
x
2 [Barren OB dump I 0.00 043 | 421 039 540 027 286 0.18 246 0.00 0.00 004 | 089 | 00 021 0.02 0.2 006 084 004 | 086 | 146 | 169
H
Barren Backfiled Area [ [ oss | isi4 | 143 | 1397 [ 060 822 L1 1251 0.2 027 090 18.04 073 | 1513 | 065 6.68 136 8.40 L12 1571 077 | 1647 | 958 | 1110
Quarry Filled with Water s 635 048 | 468 | 000 000 08 6.15 0.00 0.00 063 1263 042 | 873 0.16 164 0.2 074 0.14 1.96 001 026 | 283 | 328
| [Total Mining Area 242 5305 | 344 3362 | 260 3582 | 343 36.37 0.53 7.23 2.14 42.89 189 39.04 | 208 2136 2.38 1472 2.25 3156 | 122 2643 | 2437 2823
]
= |Waste Land Cf o 694 | 068 | 670 | 0.3 181 0.70 742 0.59 8.05 034 681 073 | 1510 | 186 19.14 134 827 1.24 1739 | 047 | 1005 | 841 o7
2
& |Rivers, Lakes, Nalas etc. - 0.04 091 0.19 187 0.09 1.30 0.14 148 0.07 0.95 0.01 020 0.13 277 030 3.08 022 136 0.08 112 0.01 021 129 149
£
=
Rural N | o0+ | 087 | om | 107 | o 037 0.13 138 021 286 000 000 006 | 132 | o 116 0.11 068 003 042 000 000 | 083 | 0%
a
g [Urban | o0 087 002 | 018 042 579 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.13 0.00 0.00 0.00 0.00 0.00 0.00 045 | 032
E
# industrial | oo 209 043 | 421 0.09 130 0.14 148 003 041 020 401 003 | 062 | 024 246 0.07 0.43 0.8 252 006 128 L7 | 18
Total 013 296 | 056 546 | 054 747 | o021 2.86 0.24 327 0.20 4.01 009 194 | o037 375 0.18 111 0.21 2.95 006 128 | 285 _ 330
GRAND TOTAL [| 456 10000 | 1021 9990 | 7.26 _ 10000 | 943 100.00 733 10000 | 4.99 10000 | 483 10000 | 974 10000 | 1620 10000 713 10000 | 468 _ 10000 | 8635 _100.00

Job No 561410027/(MCL)



CMPDI

85°830°E 85°90E 85930 85°100°E 85°1030°E
[ [ [ L L
Area
ANANTA OCP
Class [ Color Area
Level Il [ Km’ |5 of Total
z Rural I o os =
= Ingistrial B 010 208 s
s B
§'§ Total Settlements 013 2% 5
o~ o~
Open Forest (A) | ik ]
Scrubs (B) ] oz 5
Plantations ~ Social Forestry I o 237
Plantatonon 08 Dump ] 010 230
Plantaton on Backil ] oz s
Total Plantation (C) 0% 2088
Total Viegatation (A+B+C} 10 2646
Agriculture! Land [ o0&  39es
Mining Area  Coal Quary B e znni
= Advancsd QuarrySte [ ] 008 199 z
£ Coal Dump Bl o = k&
w " 1 & 5
g ANANTA OCP , BamenBacifiled Ares  [IDD] 083 1814 =
: Quany Filed with Water ~ [IRDD] 0.2 635
Total Mining Area 242 5305
Waste Lands  Waste Land ] o0:  em
Water Bodies Rivers, Lakes, Nalasetc. [ 004 0e
Al Total 456 10000
INDEX
s Mine Lease Boundary
= ) =
.ﬂ ozl Transportation Road 2
=i m— Other Road - &
=] =]
MAHANAD| COALFIELDS LIMITED
Tite Land Reclamation Monitoring of OC Projects ok No.
561410027
Skiect | and Reclamation Status of _Ananta  QC| Aty | Name ignat Signature | Date
Based on Satellite Data [ PRILV) Perpared | P Crowarry | wiicsoigy)
of the year 2010 Checked [NFSogn | cumsc)
B i i VK Gupta
!‘ fsi\; cmf)Ji Sealey ™m0 . Sheet No,
%%".:"rf.a‘iv.uk‘.».ci.,.., Dra NerpraTRIETMIa [Ala] 1]o]a 7] | Fev Ne-
T T T T T
85°830"E 85°90°E 85°930°E 85°100°E 85°10°30°E

Plate 5.1

Job No 561410027/(MCL) 10



CMPDI

B 40E 85 130E 855" 85°530E 85°60°E 85°630°E 85°T0"E 85°T30E
1 1 1 1 1 1 1 1
Area Statistics
BALRAM OCP
Class [ Calor Area
Level | Level Il | Km™ %of Total
Lirban B oo 047
Rural I o 1.07
Inustrial N os 4
= Total Settlements 0% 551 =
=] | 2
% T Forests  Open Forest (A) I o012 124 g
Scrubs  Scrubs () [ 1 1e4
Plantations Social Forestry N 0 13
Plantation on OB Dump [0 0.2t 208
Plantation on Backfil I 0¥ 358
Total Prantation (C) 082 8@
Total Vegetation [A+B+C) 300 238
E ar icultursl Land 233 28 g
el L =
&7 Mining Area Coal Quarry B o 78 8
& Adanced QwmySite [ ] 00 085 =
Coal Dump Bl o2 21
BALRAM OCP Baren OB Dump [ e 425
' ’ Baren Backfled Area [ 143 1398
Quarry Filled with Water  [IDDDNN] 048 462
Total Mining Area M ng
Waste Lands Waste Land B oes &7
£ Bodies Rivers, Lakes Naiazetc. [N 0.19 187 %
£ [ 8
5 All Total 1021 10000 =
—_—
mmmm Mg Lease Boundary
——+ FaiwayLine
e Coal Transportaiion Road
m— Oer Road
= Customer =
2 MAHANADI COALFIELDS LIMITED 2
o - " 2
a -
£ Tite ot PR m—— Joo %mm? &
Sublecl | and Reclamation Status of_BalEm _o¢ b 1 B Desigrafun_| Sigriature._ | Diae
Based on Satefite Data | PELIV) Perpared| B Chowshury| MT| Geology)
of the year 2010 [Checked | NP Singn | CMIRSC)
e Approved| VH Gupta | GM(G
i‘;i d“\ 55MPJ£ Scale 0 15 520 |sheat No.
re” ’
e AMa D3N [ el [eo[e P [ [e[o]z][F ¥
T T T T T T T T
85°410°E 85430 85°50°E 85°530E 85°60°E 857630 85°TrE 85°T30"E

Plate 5.2

Job No 561410027/(MCL) 11



CMPDI

851030 8-110°E 85°1130°E 85120 851230 85130 851330 85=140°E
1 1 1 1 1 1 1 1
Area
LINGARAJ OCP
Class | Color Area
Level 1 Level 1T | Km® % of Total =
£ =
b 0
21 Scttlement  Rural B oo 037 IS
=] Urban Bl o2 579 &
Industrial /| ow 130
Total Settlements 0.54 746
Forests Open Forest (A) o 300
Scrubs Scrubs (B) B v 20.28
57'; Plantations  Social Forestry B 0w | B g
= Plantation on OB Dump [0 0.76 10.42 5
& Plantation on Backfill B o 448 8
Total Plantation (C) 117 16.16
Total Vegetation (A+B+C) 293 4034
Agriculture  Agricultural Land [ oo 1326
= Mining Ares  Coal Quarry I 2 1524 o
=z Advanced Quarry Site [ oos 113 e
- =
2 Coal Dump o 282 &
= Barren OB dump O ex 541 -
2 | Barren Backfilled Arca | 833
LINGARAJ OCP g . Total Mining Area 2.60 3583
; Waste Lands  Wastc Land B o 151
Water Bodies  Rivers, Lakes, Nalisete. [ 000 130
=z All Total 7.26 100,010 E
8 - 2
$ N ‘nn
& INDEX =
e Mine Lease Boundary
——+ FRailway Line
s C0al Transportation Road
s z
fE - MAHANADI COALFIELDS LIMITED - g
i Tie Land Reclamation Monitoring of OC Projects Jok Ne.
561410027
Subect | and Reclamation Status of _Lingars]  OC | Acviy | Name Pesgrafion,. [Sepaire | Oale
Based on Satellite Data ( PAIL-IV) Perpared | P Chowdhury | MT{Gaoiogy)
of the year 2010 Cheched |NPSingh | CM{RSC)
m“""‘\ Approved | Vi Gugea | GM [Geomatics)
Y Ji [Gees a0 0 [ Sheet No.
F i s C [ —— E
= AP T i e [ . 2
2 - T A Copy s o [ECIRIEME[AR1[0[e]3] | e B
& T T T T T T T T |
85°1030"E 85 110°E 851130 85120 85°1230°E 85 130°E 851330 85 140E

Plate 5.3

Job No 561410027/(MCL) 12



CMPDI

85°630"E 85°T0"E 85 T3IE 85°80°E 85°830"E 85°30°E 85°930°E 85°100°E
1 1 1 [ ] 1 1 [ ] 1
Area Statistics
N ERRRATFOROCE |
g | Thass TCalor Tea ;
Z - i Lavel | Leval Il | Km' (% of Total| = £
& = “"" g
o~ -4 ! Rural B o 134
E§ Industial B otz 150
g g Total Settlements 0.27 285
Forests Denss Fuesst I o: o3
Ojpen Forest [ Rl 857
Tatal Forest (&) 084 8.5
5 Scrubs Sones (B) B 115 -
=]
E " Plantations  Social Farestry | BE A
g Planwationon OB Dump [ ] 083 840 =]
Flantation on Backfil B 1o 133
BHARATPUR OCP Total Pantation (C) 221 M0
{N{}RTH) Total Vegetation (A+B<C) 47 45.26
Agricultore  Agrcutiurai Land [ ouss 670
Mining Area  Coal Quamy | ERREEEEETET
Advanced QuamySze [ ] 005 053
£ Coal Dump Hl o 2144 &
=2 =
o - Baren O dump [ oor za |2
g Baren Backfiled Area N e 1248 g
NORTH QUARRY-I Cuarry Filed with Water [N 0.58 611
Total Mining Arca 342 36.26
Waste Lands Waste Land I 742
Water Bodies Rivers, Lakes, Nalasete. [ 0.1+ 151
Al Total 943 100.00
=z
£ INDEX 5
- — = 2
g o Mine Lease Boundary :?.
N -BHARATPUR OCP e Ryt
{SOUTH] mm—  (oal Transportation Road
: — Other Foad
MAHANAD] COALFIELDS LIMITED
e = — = Lot pio.
Land Reclamation Monitoring of OC Prajects Sa 110027
= sutiect | ang ion Stotus of Bharatpur O [Adivly | Name ignati Signawre | Date ;
8 Based on Satefite Data | PAILV] Pemared | p coowanury | wmicoiogy) - =
o of the year 2090 Creckzs | NPSingn | CMRSC) g
= o Approved | v K cuga i
f" i c 3 Em T [T E—
M Pl g o5 R LT =
T T T T T T T T
85°630E 85°7'0°E 85°T30E 85°80°E 85°830"E 85°90E 85930 85°100°e

Plate 5.4

Job No 561410027/(MCL) 13



CMPDI

£5°90"E 85°9'30"E 85°10'0°E 85°1030°E 85°11'0'E 85°1130"E 85°120"E
1 1 1 1 1 1 1
Area Statistics
BHUBANESHWARI OCP
Class [ Colar Araa
Level | Lavel Il [ Km' [ % of Total
Setlement  Fural N o2e 285
- Industrial [ oot 0219 z
£ B
g Total Sattlemants 05 m || £
0 H
= Forests Open Forest (4] I 1z 17en =
Scrubs Serubs (B) [ 1072 w437
Platations  Social Forestry I o5 7os
Total Plantation (C) 0518 7088
Total Vegetation (A+B+C) 2882 3933%
Agriculture  Agricultural Land ] s s
= z
= Mining Area  Coal Quarry N o0 1ms |2
& Advanced Quamy Site [ 0016 0224 o
& Codl Dump [ R &
Barren OB Dump [ oe 243
Bamen Backfiled Ares [N 0025 0341
Quarry Filed with Water  [INNNN 0005  0.067
Total Mining Area 0534 7283
Waste Lands  Waste Land = oser aost
z Water Bodies Rwers, Lakes, Naiasete [ 0073 0994 4
= =
L - Al Total 232 100000 | | £
H
g 8
INDEX
—
s Mine Lease Boundary
———— Other Road
z z
= ]
[ Cusiomer = =
2, MAHANADI COALFIELDS LIMITED &
L)
Title : Tl E 3ok Mo
Land Reclamation Morstoring of OC Projects
561410027
Subjact Land Redd ) of Bl M i ool Bctivity Mame Diesigrat Signature Dae
Based on Satellte Data ( PEILIV) Perpared | P Chowdhury | MT{Geslogy)
of the year 2010 Checked | NP Singh CMRSC)
°$‘,,,---v-n4‘§% J Approved | v K Gupta i
¥ 5 =
- : ?‘5‘% %c’"f’ i Scale o 175 350 .m'}ns No. z
& O D 8
g - A Coy osNo Rl W [A[e [Joa]s] | = e L S
DI I3
= T T T T T T T =
85°9'0"E 85°9'30"E 85°100"E 85°1030"E 85°11'0"E 85°11'30"E 85°120"E

Plate 5.5

Job No 561410027/(MCL) 14



CMPDI

BEIE BFI0E BTIE BHIE BTIE #1050'E BITE
L L L 1 1 1 L
= v =
z Area Statiatics 2
= N JAGANNATHOCP | [T I
& Glass [ Golar Area ]
—-‘ Level | Level Hm' % of Total
Settement  induzra B o s
Total Settleme nts 01 384
Forests Ooen Foreg [A) B oo 133
Scrubs Sous(B) B o 3
z z
£ | Plantations  Socis! Forsstry B = v |L:
= 7
2 Piantafion on Bacidl [ s 13 g
Toial Fiantaion (C) 02 405
Total Vegetation (A+B+C) 27T 4554
Agricutture  AgacuturslLand ] oes  oge
Mining Area  Cosl Quarry I o 672
Advenosd Quarry Sie 04 072
- 3 =
z Ooal Durrg: Bl o i z
Z BamenBzcidiei s [ 030 6 | FE
& QuanyFiled vt Waer [ 053 256 &
Total Mining Area 13 4274
Waste Lands WastsLand B o ss0
Waster Bodies Frers, Lakes Nessex, [ 00 030
Al Total 49 10000
INDEX z
z JAGANNATH OCP foxinioy - £
2 7] e Mine Lease Boundary )
= ——t Py Line g
. (i@l Tranzportation Road
— Cther Road
™ HANAD] COAL AELDS LIMITED
[THe Larsd Reclam ation Mortoring of & C Projects ': Mo
ST
- [T | opd Raclam ation Stahus of Jegennah o |0 [Hame Ceagnaien gnatr:  [hak =
_8 Based on Satelie Data P AL-W) Fermared [P Choudhury MG 094 _g
B - dﬂﬂeyearzﬂw [CReEkel [WFangh_ [CMReG] [ 2
°8 fepreved [k Gupta | GMGeomatics) =
{ "‘cJJ By
1 ] | | | ] ]
BEIE 25330 AH0E BAI0E BH00E B00E BDE
Plate 5.6
Job No 561410027/(MCL) 15



BEIIPE EETrE ETIE AT BETITE BE4TE
| ] | 1 I ]
z Arca 5tattics OF Hingula OCF F
b . B
-E 8 = T e &
S 5
o Level | Level i B’ [%of Total
Settlement Rursd == o0e 133
Industriai = 0.03 asr
Total Setthemvents 0.8 e
Sorubs Serube (A [ an 1254
Plantations  Soclst Farestry B o ERr e
s FarmatononO8 Domp [ 0.16 azi| | €
: K
3 Plysatos on Back [ 0.22 sz [p
& Taikal Plasation (B) 057 un| [ #
Taitad Vegetation |A+E] 139 RS
hgricolture.  Agriceitsne Land 070 1448
Mining Area  Coal Quarry =] 0.3z s54
Coal Duma = 0.37 b 151
Barren 08 Dumn B o oz
# Barran Backfil Aroa [ | a7 1513 z
E auarry Filed with warer [ p.42 BT _E
L] Advancad Craarry S4e oot o |5
Total Minieg Area 135 3904
Waste Lands  Waste Land B o= 154D
sand Body 0.003 ans
Total Waste Lands 0.73 1510
water Bodies Rivers, takes. Mot . [ LE 277
; A1 Total 483  100.00 g
g Imdex &
= B2 binG Loass = Cral Trenspartshion Roads
R EE—
MAHANAIN OOALFIELDS LIMITED
{ond Reclwmwtion Mondrrng ol O Brojecs tﬂ.‘“m?
s | e — Ay el ]
e e e I e T =y
of b g 000 Dwcil |1 M
- = NI =
g L 3 b -rn‘ad’l’- A ;
- e 1 1BEEOD0 IEEE i
2 =
T T T T T
BETIE ETUE BE"THIE #ITE BSTYHTE BETATE
Plate 5.7
Job No 561410027/(MCL) 16



CMPDI

K!"Sl'i'ﬂ'E EB‘S-:'D'E B‘S"EISU'E
Area Statistics Of Belpahar OCP
Class Color Area
Level | Level Il Km® % of Total
settlement  Rural B o 116
Urban I oo 013
Industrial I o 246
Total Settlements 037 375
Forests Open forest(a) B o~ 0.41
= =
g Scrubs Scrubs (8) I 24.52 -2
5 Plantations Social Forestry - 0.39 4.01 &
Plantation on OB Dump I o 7.19
Plantation on Backfill I 1~ 10.68
Total Plantation (C) 213 21.87
Total Vegetation (A+B+C) 4.56 46.81
Agriculture Agriculture Land 0.57 5.85
Mining Area  Coal Quarry I 10.68
Coal Dump I o 113
Barren 08 Dump B oo 0.21
Barren Backfilled Area I os 0.68
= Quarry Filled with Water I o 164 z
EE- Advanced Quarry Site 0.10 1.03 -g
2 Total Mining Area 2.08 2136 b
WasteLands  Waste Land N s 19.14
Water Bodies  Rivers, Lakes, Nalas etc. B o 3.08
All Total 9.74 100.00
Index
&= Mins Lease —t+ Railways
@ Settlements — Other Roads
== (Coal Transportation Roads
Cum MAHANADI COALFIELDS LIMITED
Title Land Reclamation Monitoring of OC Projects Jdob No.
X 561410027 B
=) Subject i‘mdkxtmﬂ_msmnd'aelpsuoc l_mm Name Desigration  |Signatre  |Dae _%
E Sﬁ;n:;ﬂlrnm\ PRL-IV) Porpared | Afimwas  |MT{Geology) 5
a Cheched |NPSngh | |CMRSC)
Aaproved| VK Gupta i
R‘,,-E‘\‘ c !- Scale 130 30 rz& |[Sheet
T b "™ [ ]ﬁ""“
T T T T
B°E1'TE 83°520°E E3°530°E B3°B4TE BIEE0E

Plate 5.8

Job No 561410027/(MCL) 17



CMPDI

B3400E 83°500'E 83'510°E 83°520°E 83EI0E
y 1 I 1 i I 2
£ T s 2
- 13 Area of i ==
4[\] : &
] 3 Class Color Area
Ll
Level | Level Il Km® % of Total
Settlement Rural B ou 0.68
Industrial B oo 043
Total Settlements 018 111
Forests Dense Forest E :0 12.41
Open Forest Il :> 20.19
Total Forests (A) 528 3259
T Serubs Scrubs (B) Bl 24 15.16 z
o
8 | Plantations Social Forestry Bl o« 2.59 L2
= =
= Plantation on OB Dump Bl o 154 5
Plantation on Backfill P os 5.00
Total Plantation (C) 148 914
Total Vegetation (A+8+C) 922 56.89
Agriculture Agriculture Land 2.86 17.66
Mining Area  Coal Quarry I o 358
Coal Dump B o 0.70
Barren OB Dump B o, 012
= Barren Backfilled Area B 8.40 z
f=1 £
2 Quarry Filled with Water B o 0.74 =
o Advanced Quarry Site 0.19 117 &
Total Mining Area 238 14.72
Waste Lands  Waste Land B 134 8.27
Water Bodies  Rivers, Lakes, Nalas etc. B oz 136
All Total 16.20 100.00
Index
3 Mine Lease —+ Railways
® Seitlements — Other Roads
[ Forest Boundary
= Coal Transporiation Roads
z z
= Cistomer =
= MAHANADI COALFIELDS LIMITED -3
b Tille - = - Job No. &
Land Reclamation Monitoring of OC Projects |_561410027
[Subject Land Reclamation Status of Lakhampur | Activity Wzne ‘I’D_'BSiQT!BﬁDﬂ Segnature]Dats.
OC Based on Satellite Data ( P6/L-TV) [Perpared|[A Biswas [MT{Gaology)
of the year 2010 Checkad [N.P Singh |CM{REC)
[Approved| VR Gupta SR 3
‘:.;3\_ c i Scalep o e 2] Shes
i — —
S ARl o e [EREMERERE |
T T T T T
83°480°E 83°400'E 83°500'E B¥5I0E 83°520°E 83°530°E

Plate 5.9

Job No 561410027/(MCL) 18



CMPDI

B83°530°E 83"53'30"E 83°54'0°E B3°5430°E 83°55°0°E B83°55'30°E B3"56'0"E
T T T T T T T
Area of I ocP
Class | color | Area
s Level | Level Il | | km® s of Total =
5
f% Settlement Rural (TN 0.03 042l J @
2 2
bl Industrial i ] 0.18 252 | &
H Total Settlements 0.21 2.95|
Forests Dense Forest - 0.22 308
Open Forest [ 0.46 6.45
Total Forests(A) 0.68 9.54|
Scrubs Scrubs (B [ .97 1360
Plantations  Social Forestry T 0.16 2.24
. Plantation on OB Dump == 0.47 ess | 2
€ Plantation on Backfill - 0.66 9.26| 2
2 B
3t Total Plantation (C) 1.29 18.09| K
oy ™
& Total Vegetation (A+B+C) 294 4123
(Agriculture Agriculture Land 0.41 5.75
Mining Area  Coal Quarry = 078 1094
Coal Dump N 0.09 1.26
Barren OB Dump === 0.06 0.84
Barren Backfill Area == 112 15.71]
P QuarryFiled with water [N 0.14 156 | =
_2 Advanced Quarry Site 0.06 084 | §
= 3
= Total Mining Area 2325 use | 5
Waste Lands ~ Waste Land ) 124 17.39
Water Bodies  Rivers, Lakes, Nalas etc. 1 0.08 112
Al Total 713 100.00
Index
B2 Mine Lease —+ Railways
@ Settltements — Other Roads
== Coal Transporation Roads 5
= S
) CLSIomSr  ALTANADI COALFIELDS LIMITED g
gQ_F Tillg Land Reclamation Monitoring of OC Projects e, Lo
i 531410027 o~
[SEed Land fion Seabus of T [ Ay [Mame [Desigrason_[Signense_[Daie
OC Based en Satollite Data { PALIV)  [Popared | Aiowen [MT{Gerog]
of the year 2010 o o T EIES)
- Approed | K Gupta [3M(Geomatics]
d";‘(\’ "HPJ‘ Slet 1m0 M0 60 [t
W e o " MR |
1 1 1 1 1 1 1
83°530"E 83°53'30°E B3"54'0°E B3"5430"E B3°55'0"E 83°55'30°E 83°56'0"E
Plate 5.10
Job No 561410027/(MCL) 19



CMPDI

83"5%'30"E 83'5;“]"E B"54I'30'E B’S‘S‘E"QO'E
Area Of Lajkura OCP
Class Color Area
Level | Level Il Km® |9 of Total
Settlements  Industrial I o0s 1.28
Forests Dense Forest - 1.18 25.24]
Open Forest - 0.64 13.69|
Total Forests (A) 1.82 38.92|
= =
i Scrubs Scrubs (B 0.51 10.91
g ®) ] | 2
b Plantations  Social Forestry - 0.06 126 | &
o &
B Plantationon 08 Dump [0 0.30 6.42
Plantation on Backfill [ 0.19 3.96
Total Plantation (C) 0.54 11.63
Total Vegetation (A+B+C) 2.87 61.46]
Agriculture  Agriculture Land 0.04 0.88|
Mining Area  Coal Quarry Bl o3 7.49)
Coal Dump B oo 064
Barren OB Dump - 0.04 0.86]
z Barren Backfilled Area [l 077 1647| | £
2 Filled with Wat 0.01 0z [2
S Quarry Filled wi ater - X . p
Advanced Quarry Site 0.02 0.43
Total Mining Area 1.22 26.13]
Waste Lands  Waste Land I o047 1005
Water Bodies Rivers, Lakes, Nalasetc. [l o001 0.21
All Total 4.68 100.00
Index
L3 Mine Lease —+— Railways
@ Settlements == (Coal Transportation Roads
4 z
8 Customer R
Edy MAHANADI COALFIELDS LIMITED 2
] e Land Reclamation Monitoring of OC Projects g — w
Sublact Land ion Status of Lajkur O | Advly  [Nama | nosgraton |signars Ot
Bascd on Satellite Data { PEL-IV) Forpand | a fmwes | MTiGookgy)
of the year 20111 WTWE&T‘
E T Approwd MGoomates
TN Scala o Evﬁ?m zp 330 |sheat
L T 1€ i ———
\:‘,J/‘Ih-i‘r- o | B Ao No.

¥ ) ] ] ]
B3"63'0"E BI"4'0E B3°64'30°E 83°55'0E B3*66"30"E

Plate 5.11

Job No 561410027/(MCL) 20



CMPDI

STATUS OF LAND RECLAMATION IN ANANTA OCP
3
2 Year
o 2
= o2008
< %2009
£ 1 #2010
0
Settlement Plantation Vegetation Wasteland MiningArea  Surface
Cover water
Landuse /Cover Classes
Figure 5.1
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Figure 5.2
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STATUS OF LAND RECLAMATION IN LINGRAJ OCP
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Figure 5.3
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Figure 5.4
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STATUS OF LAND RECLAMATION IN BHUBANESWARI OCP
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Figure 5.5
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Figure 5.6
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STATUS OF LAND RECLAMATION IN HINGULA OCP
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Figure 5.7
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Figure 5.8
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STATUS OF LAND RECLAMATICON IN LAKHANPUR OCP
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Figure 5.9
STATUS OF LAND RECLAMATION IN SAMLESWARI OCP
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Figure 5.10
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Figure 5.11
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