Geospatial Technology for Land Reclamation Monitoring of Opencast Coal Mines in India
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Abstract - Coal is the prime source of energy in India and plays an important role in development of the national economy. Coal
mining do adversely effects the land environment, which needs to be reclaimed for self sustaining productive use. Geospatial
technology (Remote Sensing & GIS) is used for creating the pre-mining land environment data base of opencast coal mining
projects. Resourcesat-LISS-IV satellite data was processed using ERDAS Imagine s/w and integrated with the mining plan on Arc-
Info GIS platform for analysis. Temporal database is generated for land reclamation of coal mining projects on annual basis and
submitted to environment regulatory authority. It was observed that geospatial technology is very effective in monitoring the land
reclamation status of coal mining projects. Methodology developed under this project being used for land reclamation monitoring of
50 opencast coal mining projects on annual basis. Analysis of satellite data of the year 2009 indicates that 79% area of mining
projects has already been reclaimed and balance 21% area is under active mining. It was found that such remote sensing based
monitoring is very useful for assessing the status of land and vegetation cover in mining area and initiating the remedial actions for

environmental protection.
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1. INTRODUCTION

India is the seventh largest country in the world with 329
million hectare land mass, of which about 47 million hectare
(14%) is degraded land. Land degradation is occurring due to
the natural and human induced causes, like wind erosion, water
logging and mining. Existing coal mining area covers only 0.06
percent of the total land area of the country. Per capita land
availability in India is only 0.250 hectares mainly due to high
population density, ranks it at 203" position. This will further
reduced, if control measures for population growth are not
taken up immediately. Land is the most scarce natural resource
in India. All human activities are based on land, therefore, there
is an urgent need to reclaim and restore the mined out land and
other wasteland of the country to productive use for sustainable
development.

About 21 percent area of India is covered with forest, of which
only 0.16 percent occurred on coal bearing area. Coal bearing
area cover less than 0.54% of the total land mass of the country
and will fulfill 55% of the total commercial energy needs and
more than 70% of power generation requirement of the
country. The current coal production level of 532 million
tonnes is expected to reach 1100 million tones by the year
2020-25.1t has been envisaged that 85 percent coal production
would be from opencast mines which causes land degradation
due to ground breaking. In view of the land scarcity in the
country, it is prudent to reclaim and restore the mined out land
for sustainable development of the coal mining. This will not
only mitigate environmental degradation but would also enable
coal companies to offer the restored land to displace families
which would help in creating a more congenial environment
for land acquisition in future.

2. LAND RECLAMATION

Land reclamation is the process of converting the mined out
and degraded land in to self-sustaining productive land use.
Coal mining activities do affects the land adversely, therefore,
in India it is mandatory to monitor the status of land
reclamation and restoration at regular interval of three years
based on high resolution satellite data and report needs to be
submitted to State Pollution Control Board for compliance to
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the stipulations laid down in course of environmental clearance.
Coal India Ltd.(CIL) has started satellite surveillances of all the
open pit mines producing more than 5 million cubic meter (coal
+ Overburden) regularly on annual basis. Coal mines which are
producing less than 5 million cubic m. are monitored at a
interval of three years. There are altogether 155 opencast and
35 mixed mines are operating under the command area of Coal
India, out of which 50 mines are getting monitored annually
and balance 141 mines will be monitored at interval of three
years. The annual land reclamation/restoration status report of
all such mines to be put up on the website of CIL,
{www.coalindia.nic.in), CMPDI (www.cmpdi.co.in) and the
concerned coal companies in public domain. Such monitoring
would not only facilitate in taking timely mitigation measures
against environmental degradation, but would also enable coal
companies to utilize the reclaimed land for larger socio-
economic benefits in a planned way.

3. REMOTE SENSING DATA AND METHODOLOGY

Land reclamation monitoring of 190 number of open cast coal
mining projects without remote sensing data is not possible. In
the present study, Indian Remote Sensing Satellite (IRS-
P6/LISS-1V) or IRS-1D (LISS-III+PAN merged) data having
5.8 m. spatial resolution are used for monitoring of the mine
land reclamation. Digital data are processed through ERDAS
Imagine V.9.3 digital image processing software. Collateral
data are collected from the respective projects showing
leasehold boundary and infrastructures. Satellite data
processing involves geometric correction and geo-referencing,
Image enhancement, training set selection, signature
generation, classification and overlaying of vector database. It
has been observed that pixel based classification for the area
having intermingled class of land use is not very useful. In case
of mine land reclamation, Object based classification gives
better result. Mine wise temporal land reclamation database are
generated on Arc GIS 9.0 platform. Validation of the land
reclamation status has been carried out by selective ground
truthing in the project area. Flow diagram showing the
methodology for land reclamation monitoring is given in Fig.1.
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Fig.1 Methodology for land reclamation monitoring

4. RESULTS AND DISCUSSION

High resolution, temporal satellite data is found to be very
effective for monitoring the status of the land reclamation in
mining area. Objective of the present study is to map and
monitor the mining area, backfilled area, plantation,
overburden dumps, wasteland and forest in the leasehold area
of the project. This helps in assessing the progressive status of
mined land reclamation and to take up remedial measures, if
any, required for environmental protection. Coal India has
attached very high priority for such monitoring and adopted a
transparent system for sharing information with public at large
on land restoration / reclamation to address the serious
environmental concern of opencast mining. Result of the study
indicates that out of total 589.19 Km?” mine leasehold area of 50
projects; mined out area is only 284.51 Km®> (48.28%). 79%
area of mined out land has already been reclaimed and balance
21% area is under active mining. Study reveals that 52.39%
area is planted and 26.69% area is backfilled which will be
planted subsequently. Coal India is operating through its seven
subsidiaries located in different part of the country and coal
mines are widely distributed. Company wise land reclamation
status is given in table-1& Fig.-2

On comparing the progresses of land reclamation carried out in
the year 2009-10 with respect to year 2008-09 in 50 OC
projects of different coal companies, it is evident from the
analysis of satellite data that area of land reclamation has

Table-1 Land reclamation status in open cast projects of Coal India based on satellite data of the year 2008 and 2009

(Area in sz)

(% calculated in terms of total mined out area)

Coal company Backfilled Total Mine-out Total Reclaimed
(No. of OC Projects) Plantation Active Mining Area Area
SIL. Name Leasehold (i) (ii1) iv) (i+iii+iv) (ii+iii)

No. (i) 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 [ 2009 | 2008 [ 2009
1 WCL 77.93 1718 2273 1566 1977 894 471 4178 4720 3284 4250
(10) % 4112 4815 3747 4189 2140 997 78.60  90.04

2 SECL 144.97 3734 3938 1465 16.69 1973 1944 7172 7551 5199 5607
(10) % 52.07 5216 2043 2211 2751 2575 7250 7426

3 NCL 179.40 5445 5712 18.65 21.75 14.16 1507 8726 9394 7310  78.87
(10) % 6240  60.80 21.37 2315 1623 16.04 8377  83.96

4 MCL 86.25 7.64 9.47 821 7.55 1335 1407 2920 3109 1585  17.02
(10) % 2615 3046 2812 2428 4573 4526 5427 5474

5 CCL* 47.14 7.31 1480 234 448 262 323 1227 2251 9.65 19.28
(5) % 59.58 6575 19.07 1990 2135 14.35 78.65  85.65

6 BCCL** 14.06 0.53 1.32 222 317 047 075 k%] 5.24 2.75 4.49
) % 1646 2519 6894 6050 14.60 14.31 8540  85.68

7 ECL 39.44 3.61 4.25 204 233 288 244 8.53 9.02 5.65 6.58
) % 4232 4712 2392 2583 3376 27.05 62.64 7295
TOTAL (49) 589.19 128.06  149.07 63.77 7594 6215 5971 25398 28451 191.83  224.81
(%) 5042 5239 2510  26.69 2447 2098 7553 79.01




Fig.2 Company wise Land Reclamation Status
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Fig.3 Year wise comparison of Land Reclamation in Coal India Subsidiaries
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Increased from 191.83 Km? (Year-2008) to 224.81 Km® (year-
2009). This increase of 32.98 Km? area of land reclamation in
one year is result of the efforts made by the coal companies
towards land reclamation and environmental protection in
mining area. Area of green cover has also increased from
128.06 Km® (Year-2008) to 149.07 Km’ (year 2009) in 50
opencast projects analyzed under present study. Year wise
comparison of land reclamation is shown in fig.3.

Further, status of vegetation cover in the coalfield and impact
of coal mining on land environment is also being monitored
based on satellite data for all the major coalfields of the country
at interval of three years. Satellite data of Singrauli Coalfield
indicates that area of overall vegetation cover has increased
from 175.23 Km® (Yr. 2000) to 178.94 Km® (Yr. 2008).
Similarly, in Talcher Coalfield, vegetation cover has increased
from 443.62 Km? (Year 1998) to 450.67 Km? (Year 2003) in
span of five years. In Ib Valley Coalfield area of vegetation
cover has also increased from 677.39 Km? (Yr. 1998) to 683.50
Km? (Yr. 2003). This increase in vegetation cover is the result
of massive plantation carried out by the coal companies for
environmental protection. In course of the study, wasteland
patches area also demarcated for compensatory afforestation.
This increase of green cover in coal mining area clearly proves
the endeavors of Coal India towards “Green Mining”.

5. CONCLUSIONS

Satellite surveillance for land reclamation and restoration
monitoring for all the opencast coal mines of Coal India Ltd.
using remote sensing data and GIS has been taken up by
Central Mine Planning and Design Institute on annual basis.
Monitoring for the year 2008 and 2009 has been completed.
Project wise temporal data base for each project has been
created on GIS platform for analysis. Study indicates that till
the year 2009, about 79% mined out area has been reclaimed,
out of which 52.39% area is planted and 26.61% area is
backfilled and technically reclaimed. Balance 21% area is
under active mining. On comparing the status of land
reclamation with respect to the year 2008, it was found that area
of land reclamation has increased from 191.83 Km® to 224.81
Km?. This increase of 32.98 Km? area of land reclamation in
one year is the result of the efforts of coal producing companies
towards land reclamation. Such monitoring helps in assessing
the area of backfilled, plantation, active mining area, water
bodies and distribution of wasteland, agricultural land and
forest in the leasehold area of the project. Such study will help
in assessing the progressive status of mined land reclamation
and to take up remedial measures, if any, required for
environmental protection.
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