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CHAPTER : 1 

PROJECT BRIEF 
 

I. Preamble 
In an effort to map and monitor the changes in land use pattern of Umarsar 

Lignit mine in the State of Gujarat as a part of the compliance of Environment 

Clearance, a workorder was awarded to M/s Nirzar Lakhia for study of Land use 

changes by using remote sensing and GIS technique. 

 

II. About GMDC 
GMDC was incorporated on 15th May, 1963 to develop major Mineral Resources 
in the State and started with a Silica Sand quarrying Plant near Surajdeval (Dist. 
Surendranagar) for crushing and screening of Silica Sand required for Glass 
Industry. From this humble starting, GMDC today boasts of a vast array of 
Mineral Portfolio in its mineral rich basket. Hence, the journey of GMDC begins 
for Mining Sector of Gujarat. 

Rapid Industrial Development, requires Fuel and Energy resources. The motive 
inspired the state to incorporate a Public Sector Company that would target 
exclusive development of Mineral Resources endowed on the state. Thus, began 
a historical journey which has today reached a milestone of Glorious fifty-five 
years. 

  

Study of Change in Land Use Pattern, Umarsar Opencast Lignite Mine Page 1 of 50



CHAPTER : 2 

OBJECTIVE AND SCOPE 
 

The objective of the present study is to perform Digital processing of entire lease 

area using remote sensing and GIS technique (Pre- and during mining 

operations) regularly once in 3 years for monitoring land use pattern and assess 

the impact of mining and restoration of land post closure or completion of the 

excavation of a particular mine pit area.  

For this purpose change in land cover area, change in forest area and expansion 

of mining over the period of time, infrastructure, roads, water bodies, dump 

areas etc. should be mapped. 

The current report brings out the changes in land use pattern in the core zone 

and 10 km buffer zone of the Umarsar Lignite Mine in Kutch by comparing land 

use pattern during 2009, 2012, 2015 and 2018 using Remote sensing techniques 

for the purpose of monitoring change in the Land use pattern and for 

determining post mining use of the area. 

 

I. Study Areas 

 
Umarsar mining site lies between  23°47'33.37"N to  23°42'50.09"N latitude and 

68°47'24.42"E to  68°50'52.70"E. The study area is situated in Umarsar village of 

Lakhpat taluka of Kutch District. Total 28 villages are present within 10 kms 

radius of GMDC Umarsar mining lease boundary. 

Village map of the study area is shown as below: 
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Fig. 2.1 Village Map of Umarsar GMDC  Lignite lease boundary 

 
 

II. Location and description of the site: 

Project Name & Address  

Area of 

Mine (in 

Ha.) 

Detail of Project wise 

corresponding years for 

land Use 

Study. 

Umarsar Lignite Project, village Umarsar, 
Taluka Lakhpat, Dist. Kutch (Gujarat). 

2186.76  2009, 2012, 2015 and 2018 

Table. 2.1 Location and Description of the site 
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Fig. 2.2 Toposheet of study area (Upper half of is not available at SOI) 

 

III. Data-set used 
 

Satellite  Sensor  Number Date Of 
Pass 

Band  Resolution 

Year – 2009 

Cartosat-1 PAN_ 
AFT 

Path=0487 
Row=0288 
SceneSequence 
Number=57 

2009 PAN_ 
AFT 

2.5 

Cartosat-1 PAN_ 
AFT 

Path=0487 
Row=0287 
SceneSequence 
Number=56 

2009 PAN_ 
AFT 

2.5 

Cartosat-1 PAN_ 
AFT 

Path=0488 
Row=0287 
SceneSequence 
Number=57 

2009 PAN_ 
AFT 

2.5 
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IRS-P6 
 
 

L4MX StripNumber= 
202 
SceneNumber= 
69 

2008 234 5.8 

IRS-P6 
 
 

L3MX Path= 089 
Row= 055 

2009 234 23 

Year – 2012 

Cartosat-1 PAN_ 
FORE 

Path=0488 
Row=0287 
SceneNumber= 
54 

2012 PAN_ 
FORE 

2.5 

Cartosat-1 PAN_ 
FORE 

Path=0487 
Row=0287 
SceneNumber= 
54 

2012 PAN_ 
FORE 

2.5 

IRS-R2 L4FX Path= 089 
Row= 055 

2012 234 5.8 

Year – 2015 

IRS-R2 L4FX Path= 089 
Row= 055 

2015 234 5.8 

Cartosat-1 PAN_ 
AFT 

Path=0487 
Row=0287 
SceneSequence 
Number=52 

2015 PAN_ 
AFT 

2.5 

IRS-R2 L4FX Path= 089 
Row= 055 

2015 234 5.8 

Year – 2018 

IRS-R2 L4FX Path= 089 
Row= 055 

2018 234 5.8 

Cartosat-1 PAN_ 
AFT 

Path=0487 
Row=0288 
SceneSequence 
Number=48 

2018 PAN_ 
AFT 

2.5 

Cartosat-1 PAN_ 
AFT 

Path=0487 
Row=0287 
SceneSequence 
Number=47 

2018 PAN_ 
AFT 

2.5 

Cartosat-1 PAN_ 
AFT 

Path=0488 2018 PAN_ 
AFT 

2.5 

Study of Change in Land Use Pattern, Umarsar Opencast Lignite Mine Page 5 of 50



Row=0287 
SceneSequence 
Number=29 

IRS-R2A L4FX Path= 089 
Row= 055 

2018 234 5.8 

Table. 2.2 Satellite Images of Umarsar, Kutch 

Other Supporting datasets 

The following ancillary data have also been used during the course of the 

study. 

1. Surface plan maps of GMDC 

2. Primary data collection through field visits 

3. Villages map of Kutch district 

4. Survey of India Toposheet 

5. DGPS Survey  

6. Drone Images 

 

IV. Approach and Methodology: 
 

Steps: 
Description of Approach and Methodology (Considering all 6 
Mine locations) 

Step 1:  
Procurement of Village Maps with Plots and Survey of India 
Topo sheet, DILR Maps. 

Step 2:  
Procurement of Satellite Image as per Mine Project wise Detail 
for Years required in Land Use Pattern Study. 

Step 3:  
Pre-Processing, Geo-rectification and Mosaicing of Satellite 
Image. 

Step 4:  
Digitization of Mines boundary / surface area / Topographic Map 
for the study area. 

Step 5:  Scan, Geo-referencing and Digitization of Plot Level Village Map. 

Step 6:  
Topographic Survey: Field Visit and Photography, Survey through 
DGPS/Total Station, Land Use verification and demarcation of 
Mine Boundary (First Visit). 

Step 7:  Preparation of Base Map of study area. 

Step 8:  
Preparation of Land Use Maps as per Mine Project wise Detail for 
respective Years of particular mine required in Land Use Pattern 
Study (Core + 10 Km Buffer). 
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Step 9:  

Overlay Analysis of Village Map on Land Use as per Mine Project 
wise Detail for respective Years of particular mine required in 
Land use Pattern Study. 

Step 10:  
Field Visit for Group discussion with the locals and verification of 
any anomalies or queries 

Step 11:  Preparation of Final Land use Maps. 

Step 12:  
Change Detection Analysis for various years as tabulated at table 
given under clause no. 3 (every 3 Years) for Land use of core 
mining area and its Buffer area. 

Step 13:  Layout Designing of the Maps. 

Step 14:  Draft Reports and Presentation. 

Step 15:  

Staff Training Program (Free/Open source software will be 
provided to GMDC for visualization of the Maps) to understand 
the project methodologies and outcome of the land use study. 

Step 16:  Feedback from GMDC authorities. 

Step 17: 
Final Reports (5 Copies in Hard Form with colour Pictures, Photos 
and Maps etc.) AND 2 Copies in Soft Form in Pen Drive) including 
Original Satellite Images and other Maps / Reports etc.). 

Step 18:  Final Outputs: Prints of Maps (A2 or A3 size) and Reports (A4 size) 
Table. 2.3 Approach and Methodology 

 

Description of Task/Steps: 

This task focused on the preparation of change detection model and mapping 

for monitoring land use pattern and for post mining land use condition, a time 

series of land use maps based on satellite imagery (on a scale of 1:5000) of the 

core zone and buffer zone, from the start of the project until end of mine life 

were prepared once in 3 years (for pre-monsoon season which was consistent 

in the time series), and the report submitted to MoEFCC and its Regional Office 

at Bhopal. 

The detailed activities carried out under this scope of work are as follows: 

 

Step 1: 

Procurement of Mines boundary / surface area map / Topographic Map: 

Initially Mines boundary / surface area map / Topographic Map, other related 

details were collected from the GMDC. Mines boundary / surface area map at 

times also contain village and plot level boundary as well, which has been 
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taken into consideration. 

The format for mines related maps that were collected from GMDC were in 

AutoCAD, JPG and/or PDF format which were then be digitized and converted 

into soft copy in the required GIS format. 

 

Step 2: 

Procurement of Village Maps with Plots & type of Ownership (Census 2011, 

Revenue data etc.) and Survey of India Topo sheet, DILR Maps 

Village boundary were extracted from the census book 2011 and available 

village maps from GMDC offices. Plot level maps or DILR / Cadastral maps has 

been collected from District land Record office and GMDC offices of respective 

area where it was available. 

Survey of India topo sheet were procured from Survey of India website as well 

as their office at Gandhinagar, Gujarat. They were later processed and Geo 

referenced with its required co-ordinate system. 

 

Step 3: 

Procurement of Satellite Image as per Mine Project wise Detail for Years 

required in Land Use Pattern Study asked by GMDC: 

Satellite images were procured from NRSC, Hyderabad based on the co-

ordinates of mine boundaries identified from the Mines boundary map/ surface 

area map / Topographic Map of the respective mines provided by the GMDC and 

boundaries verified and identified through field survey. 

Cartosat series and LISS IV series of satellite images of same time period/ 

seasons of pre-monsoon period were procured from NRSC, Hyderabad. These 

were mostly from January to July months. 

LISS IV is important as it has the highest available Multispectral resolution of 5 

mtr. Cartosat series of images was also required as it has the highest 

Pancromatic (black & White or Grey scale) resolution available (2.5 mtrs). 

1. The Layer stacking the MSS image of LISS IV was done before any kind of 

analysis. 

2. Pre-processing like radiometric correction, haze reduction removal of any bad 

line etc was done before using it for any kind of analysis. 
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3. Ortho-rectification was done based on available DEM and field DGPS survey 

prior to any other processes for achieving better accuracy. 

4. Both these images were fused for getting best of both the images in terms of 

spectral and spatial resolution for generation of the Land use maps at the scale 

of 1:5000. 

 

Step 4: 

Pre-Processing, Geo-rectification and Mosaicing of Satellite Image 

Survey of India topo sheet was Geo referenced with its required co-ordinate 

system and was used as a base for initial level geo referencing of the other map 

and satellite data. 

The co-ordinate system used were in accordance with the NRSC standards. In 

these study Global UTM WGS84 zone 42 and 43 N (as per the location of the 

mines within the Gujarat state) were used. 

Geo-referencing was done for the available Mines boundary / surface area map 

/ Topographic Map and village maps so that they can be superimposed with each 

other. 

Plot level village maps and/or DILR maps were also superimposed on them so 

that all the available data are appropriately scaled and in the precise locations 

with respect to ground. 

 

Step 5: 

Digitization of Mines boundary / surface area / Topographic Map for the 

study area 

 

Mines boundary / surface area map / Topographic Map and other related spatial 

and spatial data collected from the GMDC office were digitized to bring it into 

GIS format. 

Maps available in AutoCAD format were directly converted to GIS format after 

the required treatment to remove all the existing as well as conversion related 

errors. Maps available in JPG and PDF format were converted to GIS format after 

Georeferencing through appropriate application of Projection system (UTM 
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WGS84 Zone 42 or 43) and later on digitizing them in ArcGIS Pro and Desktop 

software. 

 

Step 6: 

Scan, Geo referencing and Digitization of Plot Level Village Map 

Village map extracted from the Census 2011 book were scanned, Geo 

referenced with appropriate projection system and digitized in GIS format. DILR 

map with Plot boundaries collected from District land records were also geo 

referenced with appropriate projection system. For precision mapping geo 

referencing was done by superimposing them on the satellite images in such a 

way that the actual plots visible on the satellite images fall precisely on village 

plot boundaries. Maps were then be digitized in GIS Environment. 

 

Step 7: 

Topographic Survey: Field Visit and Photography, Survey through DGPS/Total 

Station, Land Use verification and demarcation of Mine Boundary. 

List of locations were identified (which needed verification) for the field survey 

before going to the field. These locations were carefully selected after proper 

visual analysis of satellite images and collected maps. 

These helped in process of identification and demarcation of mine boundaries 

and village/plot boundaries and verification of areas unidentified from satellite 

images for preparation of Base map. 

Appropriate grid sampling technique for the topographic survey were planned 

based on the latest satellite images and Mines boundary / surface area map / 

Topographic Map available through GMDC. Grid size varied based on the actual 

field conditions. In general it ranged from 10 ft x 10 ft to 100 ft x 100 ft depending 

on the actual field conditions. 

A benchmark was identified for proper superimpositions with satellite images 

and govt. provided maps. Photographs of all the location of the mine boundary 

Pillars were collected along with the photographs of the land use features. These 

all the photographs were Geo-tagged for better visual presentation on the GIS 

software. 
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After marking of the final mine boundaries (after field verification) on GIS base 

map, digital code to each photograph was given this helped in integration of 

socio-economic data and GIS at local level. 

 

Step 8: 

Preparation of Geo-referenced Base Map 

The preparation of Geo-referenced base map to an appropriate scale of 1:5000 

which is prerequisite for the Change detection analysis was generated for 

superimposition of all other maps over it. The digital base map would provide a 

common spatial framework that should be used by all participating departments 

within GMDC for any kind of mapping and the development of detailed GIS 

based maps in future. 

ArcGIS Pro 2.7 and ArcGIS Desktop 10.8 which is its latest version and is a global 

leader in GIS mapping software was used to analyze, manipulate and display the 

appropriate mining data. 

The preparation of geo-referenced base map was based on high-resolution 

satellite imageries and DGPS field survey. To facilitate sharing of information 

between various sections, it is critical that GIS base mapping be compatible with 

standard data base formats. 

National Remote Sensing Centre, Hyderabad has already standardized a format 

for representing a Land use map with its respective coding. This system was 

adopted for representation of the features in a Land use map which will make it 

possible for other agencies to incorporate them in their respective studies when 

required. (The same format will be adopted for preparation of Land 

use map as well.) 

The base map contains major surface features with reference names, such as 

National Highway, State Highway, main roads, railways, airport, important 

landmarks, water bodies, rivers, mine boundaries, administrative boundaries, 

structures etc. 

The base map provides the background upon which other data layers (such as 

Mines boundary / surface area map / Topographic Map/ contours, surface and 

social infrastructure etc.) are superimposed and analyzed in GIS. 
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Step 9: 

Preparation of Land Use Maps as per Mine Project wise Detail for Years 

required in Land Use 

Pattern Study (Core + 10 km Buffer) Land use map has been also prepared based 

on the visual interpretation to get the best results. Field verifications was done 

for the required areas for better demarcation of the features. 

Same co -ordinate system was used as in the geo referencing of the Satellite 

images (UTM WGS84 Zone 42 or 43 N as per the location of the mines within the 

Gujarat state). 

File type used for the preparation of the GIS Maps are in the format of “Personal 

Geo database” and “file Geo database”.  

The classification system that was adopted for Land use map generation is based 

on standardized format from NRSC (National Remote Sensing Centre, 

Hyderabad) However since all the categories are not covered in that system 

required updation was done to cover other categories. 

There are various levels of classification systems adopted by NRSC, we had 

successfully reached to the level I and II of the classification with additional level 

III information included in the maps for more important features like National 

Highway, State Highway, Railways tracks etc. where ever felt necessary. 

 

Step 10: 

Overlay Analysis of Village Map on Land Use as per Mine Project wise Detail 

for Years required in Land Use Pattern Study 

After the completion of all the maps an attempt was made to superimpose the 

plot level village maps over the land use maps generated for various years. These 

becomes useful for change analysis at village level. Based on this a village wise 

change detection maps can be generated. This may also help in any future 

development works or any socio-economic studies. 

 

Step 11: 

Field Visit for Group discussion with the locals and verification of any 

anomalies or queries 
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Field visit has been done for final verification of the features of the land use as 

well as cross - verification of the features presented in the village and plot level 

maps. Drone survey was also conducted for any minute level anomalies or 

queries which were left after the final preparation of the Land use map. 

During this visit a group discussion was also done with the locals and authorities. 

The focus of this discussion was to understand the terrain and land use of the 

past and the changes that have occurred after the operation of the mines and 

study the impact of any positive or negative nature on the land use and 

environment in their perspective. Such focus group discussion helped to better 

understand the environment and changes that have occurred over a period of 

time. 

Step 12: 

Preparation of Final Land use Maps 

Land use maps were finalized by resolving all the remaining queries after the 

final field verifications and Drone survey. 

 

Step 13: 

Change Detection Analysis for various years (every 3 Years) for Land use of 

core mining area and its Buffer zone area 

Change detection analysis is important for understanding of the pattern of 

change in a given area over the period of time, this is useful for planning of any 

future development works. Change detection analysis would be done for every 

3 years as per the requirement of the project. 

Software like ArcGIS were used for the change detection analysis. It has special 

modules of spatial analysis tool for such analysis, which were taken into 

consideration. 

Change detection was based on a simple over analysis, however special codes 

were developed for getting the final desired output for the change analysis. 

These were then used in categorizing the change in terms of increase in area, no 

change or decrease in the same category or got converted into different 

category. 

The new features that may have developed in the later years or which were 

not present in the earlier years were also considered and highlighted 

separately. 
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Step 14: 

Layout Designing of the Maps 

Layout has be designed in such a way that all the necessary details can be 

displayed in the map at various scales and sizes appropriately. This was done 

after a discussion with the authorities of GMDC to meet their requirements. 

 

Step 15: 

Draft Reports and Presentation (Mid Review - for required modification) 

A set of Draft Reports were prepared for the reviewing purpose for the GMDC 

authorities prior to submission of the final reports. These were then modified 

where ever felt necessary as per the specifications of the authorities and a 

presentation was given to update the authorities with the results and the output 

of the final reports. 

 

Step 16: 

Staff Training Program (Free/Open source software will be provided to GMDC 

for visualization of the Maps) 

GMDC has planned to incorporate training program for GMDC’s Staff as a part 

of the project so that they can be well equipped to learn and understand the 

intricacies of the project methodologies and results 

 

Step 17: 

Feedback from GMDC authorities 

This was helpful in understanding overall quality management during the 

execution of the project. 

Step 18: 

Final Reports 

Maps and reports were finalized after a careful review and discussions with 

GMDC authorities as per their requirements. Maps were provided separately as 

well for quick references with necessary details. 
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Step 19: 

Final Outputs: Softcopies and Prints of Maps and Reports 

• Softcopies and Hardcopies of Satellite images in A3 and/or A1 Size or other 

size as desired by GMDC. 

• Final output will be submitted to the GMDC authorities as per their 

requirements. 

• Maps will also be submitted separately in a larger size as per the requirement 

of GMDC. 

• Reports will be printed in A4 size. 

• All the maps and report are in colour. 

• Reports and Maps of Core and Buffer Zone areas would be provided 

separately 
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CHAPTER 3 

STATUS OF LAND USE LAND COVER 
 

Land use is the description of how people utilize the land for the socio-economic 

activities. Land use maps play a significant role in planning, management and 

monitoring programs at local, regional and national levels. For ensuring 

sustainable development, it is necessary to monitor the ongoing process on land 

use/land cover pattern and any upcoming changes within the surrounding area. 

 

Three Level Classification System from NNRMS: 

Level -1 Level -II Level  -III 

Built Up 

Urban 

Residential 

Mixed builtup 

Recreational 

Public / Semi Public 

Communication 

Public utilities / facility 

Commercial 

Reclaimed 

Transportation 

Rural Rural 

Mining / Industrial Area 

Industrial 

Mine / Quarry 

Industrial / Mine dump 

Ash / Cooling pond 

Abandoned Mine Pit 

Land fillarea 

Agricultural land 

Crop Land 

Kharif 

Rabi 

Zaid 

Two cropped 

More than two cropped 

Fallow Land 
Current 

Long 

Plantation 

Agricultural 

Horticultural 

Agro Horticultural 

Aqua / Pisciculture Aqua / Pisciculture 

Forest 
Evergreen / Semi evergreen Dense / Closed 

  Open 
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Deciduous (Dry / Moist / Thorn) Dense / Closed 

  Open 

Forest Plantation Forest Plantation 

Scrub Forest Scrub Forest 

Forest Blank Forest Blank 

Littoral/Swamp Forest 
(Mangrove/Forest Water 

Swamp) 

Dense 

Open 

Grass/ Grazing 

Alpine / Sub-Alpine Alpine / Sub-Alpine 

Temperate / Sub Tropical Temperate / Sub Tropical 

Tropical / Desertic Tropical / Desertic 

Manmade Manmade 

Wastelands 

Salt Affected Land 

Slight 

Moderate 

Strong 

Gullied / RavinousLand 

Gullied 

Shallow ravine 

Deep ravine 

Scrub land 
Dense / Closed 

Open 

Sandy area 

Desertic 

Coastal 

Riverine 

Barren rocky Barren rocky 

Wetlands 

Inland Natural Inland Natural 

Inland Manmade Inland Manmade 

Coastal Natural Coastal Natural 

Coastal Manmade Coastal Manmade 

Waterbodies 

River / Stream 
Perennial 

Dry 

Canal / Drain 
Lined 

Unlined 

Lake / Ponds 
Perennial 

Dry 

Reservoir / Tanks 
Perennial 

Dry 

Others 

Shifting cultivation 
Current 

Abandoned 

Tree Clad Area 
Dense 

Open 

Table. 3.1 NNRMS Classification system 
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Definitions: 

Green Areas: 

1. Agriculture/Cropland: These are the areas with standing crop as on the date 

of Satellite overpass. Cropped areas appear in bright red to red in color with 

varying shape and size in a contiguous to non‐ contiguous pattern. They are 

widely distributed indifferent terrains; prominently appear in the irrigated 

areas irrespective of the source of irrigation. It includes kharif, rabi and zaid 

crop lands along with areas under double or triple crops. 

 

2. Fallowland: Fallow land is all arable land either included in the crop rotation 

system or maintained in good agricultural and environmental condition 

(GAEC), whether worked or not, but which will not be harvested for the 

duration of a crop year. The essential characteristic of fallow land is that it is 

left to recover, normally for the whole of a crop year. 

On land lying fallow there shall be no agricultural production. Land lying 
fallow for more than 5 years for the purpose of fulfilling the ecological focus 
area shall remain arable land. 

Fallow land may be: 

• bare land with no crops at all 
• land with spontaneous natural growth which may be used as feed or 

ploughed in 
• land sown exclusively for the production of green manure (green fallow) 

Fallow land may be: bare land with no crops at all. 

3. Barren Land: A barren landscape is dry and bare, and has very few plants 

and no trees. Those ecosystems in which less than one third of the area 

has vegetation or other cover. 

4. Plantation: These are the areas under agricultural tree crops planted 

adopting agricultural management techniques. Depending on the 

location, they are exhibit a dispersed or contiguous pattern. Use of multi‐

season data will enable their separation in a better way. It includes 

agricultural plantation (like tea, coffee, rubber etc.) horticultural 

plantation (like coconut, arecanut, citrus fruits, orchards, fruits, 

ornamental shrubs and trees, vegetable gardens etc.) and agro‐

horticultural plantation 
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5. Shrubs: A shrub is a small- to medium-sized perennial woody plant. 

Unlike herbaceous plants, shrubs have persistent woody stems above the 

ground. Shrubs can be deciduous or evergreen. They are distinguished 

from trees by their multiple stems and shorter height, less than 6–10 m 

(20–33 ft) tall. 

6. Medium Shrubs: It is a growth of bushes which has foliage more than 30%  

and less than Dense shrubs i.e. 70% or more. 

7. Dense Shrubs: A thicket or Dense Shrubs is a growth of trees, bushes, or 

shrubbery that is very close together with more than 70% of the area 

covered with foliage.  

8. Tree clad area: A large area of land covered by trees and other plants 

growing close together outside forest boundary. 

9. Forest: The term forest is used to refer to land with a tree canopy cover 

of more than 10 percent and area of more than 0.5 ha. Forests are 

determined both by the presence of trees and the absence of other 

predominant land uses. The trees should be able to reach a minimum 

height of 5 m (MOEF, 2011). 

Open Area: 

10. Open Plot:  The plots that are a vacant place without any scrubs or other 

vegetations. 

11. Rocky Outcrop: These are rock exposures of varying lithology often 

barren and devoid of soil and vegetation cover. 

Wastelands:  

Described as degraded lands which can be brought under vegetative cover with 

reasonable effort and which is currently underutilized and land which is 

deteriorating for lack of appropriate water and soil management or on account 

of natural causes. It consists of: 

12.  Salt affected Land: Generally characterized as land that has excess salt in 

the soils with patchy growth of grasses 

13.  Scrub Land: These areas possess shallow and skeletal soils, at times 

chemically degraded extremes of slopes, severely eroded or subjected to 

excessive aridity with scrubs dominating the landscape 

14.  Mudflats: Mudflats or mud flats, also known as tidal flats, are coastal 

wetlands that form in intertidal areas where sediments have been 

deposited by tides or rivers 
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Water Regime: 

15.  Drainage: The system of water or waste liquids flowing away from 

somewhere into the ground or pipes or drainage channels /ditches/ 

systems.  The ability of soil to allow water to flow away:  

16.  River /Stream / Canals: Rivers/streams are natural course of water 

flowing on the land surface along a definite channel/slope regularly or 

intermittently towards a sea in most cases or in to a lake or an inland basin 

in desert areas or a marsh or another river. Canals are artificial water 

course constructed for irrigation, navigation or to drain out excess water 

from agricultural lands. 

17.  Floodplains: An area of low-lying ground adjacent to a river, formed 

mainly of river sediments and subject to flooding. 

18.  Water Body: This category comprises areas with surface water in the 

form of ponds, lakes, tanks and reservoirs. 

 

Built-up Spaces / Human Interventions: 

19. Built-up: "Built-up area" is defined as the presence of buildings (roofed 

structures). This definition largely excludes other parts of urban 

environments or human footprint such as paved surfaces (roads, parking 

lots), commercial and industrial sites (ports, landfills, quarries, runways) 

and urban green spaces (parks, gardens). 

20. Industries:  An area outside of a town or city that is designed especially 

for factories or offices/business. 

21. Weigh Bridge: A truck scale, weighbridge or railroad scale is a large set 

of scales, usually mounted permanently on a concrete foundation, that is 

used to weigh entire rail or road vehicles and their contents. By weighing 

the vehicle both empty and when loaded, the load carried by the vehicle 

can be calculated. 

22. Public Utility/Spaces: A public space refers to an area or place that is 

open and accessible to all peoples, regardless of gender, race, ethnicity, 

age or socio-economic level. These are public gathering spaces such as 

public parking, parks/gardens etc. Connecting spaces, such as sidewalks 

and streets, are also public spaces.  

Mining: 
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23. Mine Pit: This is a current surface mining area of extracting rock or 

minerals from the earth by their removal from an open-air pit. This space 

is current dug-up area which is not backfilled or covered by waste dump 

or overburden. Here it refers to the mine pit of GMDC lease area. 

24. Quarry: A place, typically a large, deep pit, from which stone or other 

materials are or have been extracted. 

25. Waste Dump: A site for the disposal of solid waste or unrequired 

materials. 

26. Benches: In mining, a bench is a narrow, strip of land cut into the side of 

an open-pit mine. These step-like zones are created along the walls of an 

open-pit mine for access and mining. 

Transportation Network: 

27. Metalled Road: A metalled road has a level surface made of small pieces 

of stone; used especially of country roads and tracks. 

28. Unmetalled Road: Roads made up of mud and gravel which are generally 

found in the rural areas is unmetalled roads. 

29. Material Transport Route: This are the temporary route or road 

constructed specially for the transport of materials / minerals or rocks. 

30. National HW: The National highways in India are a network of trunk roads 

owned by the Ministry of Road Transport and Highways. 

31. State HW: A state highway, state road, or state route is usually a road that 

is either numbered or maintained by a sub-national state. A road 

numbered by a state falls below numbered national highways 

32. Major Road: A main road is an important road that leads from one town 

or city to another or road that is used by majority of the traffic. 

33. Minor Road: These are the internal roads connecting the rural or local 

areas. 
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Fig 3.1.1 Satellite image of GMDC Umarsar core mine area (2009) 

 
Fig 3.1.2 Land use map of GMDC Umarsar core mine area (2009) 

Year 2009

  I. 
Land use of Core Area of Umarsar Opencast Lignite Mine 

Study of Change in Land Use Pattern, Umarsar Opencast Lignite Mine Page 22 of 50



 

Legends Area (Hectare) Percentage 

Animal Shelter 4.376 0.200% 

Barren Land 1304.595 59.659% 

Built-up 4.005 0.183% 

Dam 0.911 0.042% 

Dense Shrubs 75.329 3.445% 

Fallowland 398.267 18.212% 

Floodplains 2.759 0.126% 

Medium Shrubs 195.287 8.930% 

Metalled Road 4.506 0.206% 

River 30.926 1.414% 

Rocky Outcrops 157.650 7.209% 

Unmetalled Road 8.150 0.372% 

Grand Total 2186.760 100.00% 

Table. 3.2 Area table of Land use of GMDC Core mine site (2009) 

Observations: 

The total mine area of 2186.76 hectare is classified in 12 different classes as 

shown in the table above . Table 3.2 showing status of Land use/Land cover in 

in Hectare and in percentage of total for the year 2009. Fig. 3.1.1 and Fig. 3.1.2 

shows satellite image and Land use map of mine area resp. 

Built-up 

The built-up area in 2009 is 3.76 hectare or 0.17% of the total lease area. There 

is no industrial activities going on within the lease boundary in 2009. These 

Umarsar village is present in Eastern side of the lease boundary. These local set-

up of residential colony with closely built structures including all buildings, 

school, commercial building, trees and other open spaces present within this 

setup is considered as one unit. There is also a presence of animal shelters with 

the lease boundary. 

Agriculture area 

The majority of the area within the lease in 2009 is barren land with area 

covering 59.65 % and other majority of the areas is an (uncultivated land) Fallow 

land with 18.21 % of the total lease area. 

Water Regime 
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There is no major river passing within the lease boundary however there is one 

small tributary passing from south-east to north-west direction within the lease 

boundary. Total area covered is 30.92 hectare or 1.41 % of total mining lease 

area. 

Water bodies in terms of lakes or ponds are not present within the lease 

boundary in 2009. 

Mining Area 

Mine pit area mentioned here are the excavated areas with significant surface 

expressions. There are other areas of mining activities present within the lease 

boundary like waste dump, benches etc.  

There are no mining activities present in 2009 based on satellite image. 

Rock Outcrops are found to be present within the core lease area in northern 

and western side. Area covered is 157.65 hectare or 7.2 % of total mining lease 

area. 

Shrubs: 

There is also a presence of cluster of Dense and Medium shrubs other than that 

present in the reclaimed areas or waste dump area. There is nearly 12.37 % of 

shrub land area within the core mine boundary. 

Plantation: 

There is no Plantation during this year as there are no mining activities started 

in 2009 

Transportation Network 

State Highway or Lakhpat-Gaduli road categorized here as metalled road is 

passing through the lease boundary from South-east to North-west direction. 

There are few unmetalled roads or Kaccha road present within the lease 

boundary. Total are covered by metalled and unmetalled roads is 12.6 hectare 

or 0.57 %.  
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Year 2012 

 
Fig 3.1.3 Satellite image of GMDC Umarsar core mine area (2012) 

 
Fig 3.1.4 Land use map of GMDC Umarsar core mine area (2012) 
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Legends Area (Hectare) Percentage 

Animal Shelter 2.627 0.12% 

Barren Land 1296.274 59.28% 

Built-up 4.295 0.20% 

Cricket Ground 1.099 0.05% 

Crop Land 83.410 3.81% 

Dam 0.917 0.04% 

Dense Shrubs 190.590 8.72% 

Fallowland 250.774 11.47% 

Floodplains 3.338 0.15% 

Medium Shrubs 143.327 6.55% 

Metalled Road 5.606 0.26% 

River 27.702 1.27% 

Rocky Outcrops 158.413 7.24% 

Unmetalled Road 5.878 0.27% 

Water Body 12.512 0.57% 

Grand Total 2186.760 100.00% 

Table. 3.3 Area table of Land use of GMDC Core mine site (2012) 

Observations: 

The total mine area of 2186.76 hectare is classified in 15 different classes as 

shown in the table above . Table 3.3 showing status of Land use/Land cover in 

in Hectare and in percentage of total for the year 2012. Fig. 3.1.3 and Fig. 3.1.4 

shows satellite image and Land use map of mine area resp. 

Built-up 

The built-up area in 2012 is 4.02 hectare or 0.18% of the total lease area. There 

is no industrial activities going on within the lease boundary in 2012. These 

Umarsar village is present in Eastern side of the lease boundary. These local set-

up of residential colony with closely built structures including all buildings, 

school, commercial building, trees and other open spaces present within this 

setup is considered as one unit. There is also a presence of animal shelters with 

the lease boundary. Cricket playground seem to have be built or present during 

2012. 

Agriculture area 

The majority of the area within the lease in 2012 is barren land with area 

covering 59.28 % . Other major areas is Agricultural land, (cultivated area) Crop 

land is 3.81% and (uncultivated land) Fallow land is 11.47 % of the total lease 

area. Total agriculture land including cultivate and uncultivated is 15.28 %. 
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Water Regime 

There is no major river passing within the lease boundary however there is one 

small tributary passing from south-east to north-west direction within the lease 

boundary. 

Water bodies in terms of lakes or ponds occupy around 0.57% of total lease area 

in 2012. While river occupies around 1.27%. In total they cover approx. 1.84%. 

Mining Area 

Mine pit area or quarry area mentioned here are the excavated areas with 

significant surface expressions. There are other areas of quarry or mining 

activities present within the lease boundary like waste dump, benches etc.  

There is no mining activities present in 2012 based on satellite image. 

Rock Outcrops are found to be present within the core lease area in northern 

and western side. Total area covered is 158.41 or 7.24 %. 

Shrubs: 

There is nearly 15.27 % of shrub land in terms of dense and medium clusters 

within the core mine boundary. 

Plantation: 

There is no Plantation during this year as there are no mining activities started 

in 2012 

Transportation Network 

State Highway or Lakhpat-Gaduli road categorized here as metalled road is 

passing through the lease boundary from South-east to North-west direction. 

There are few unmetalled roads or Kaccha road present within the lease 

boundary. Total are covered by metalled and unmetalled roads is 11.47 hectare 

or 0.53 %. 
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Year 2015 

 
Fig 3.1.5 Satellite image of GMDC Umarsar core mine area (2015) 

 
Fig 3.1.6 Land use map of GMDC Umarsar core mine area (2015) 
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Legends Area (Hectare) Percentage 

Animal Shelter 2.284 0.1044% 

Barren Land 1418.491 64.8672% 

Built-up 5.316 0.2431% 

Cricket Ground 1.099 0.0502% 

Dam 0.929 0.0425% 

Dense Shrubs 76.864 3.5150% 

Fallowland 299.251 13.6847% 

Floodplains 2.930 0.1340% 

Gate 0.004 0.0002% 

Material Transport Route 15.683 0.7172% 

Medium Shrubs 48.883 2.2354% 

Metalled Road 6.015 0.2751% 

Mine Pit 64.031 2.9281% 

Open Plot 4.383 0.2005% 

River 27.414 1.2536% 

Rocky Outcrops 123.446 5.6452% 

Unmetalled Road 20.296 0.9281% 

Waste Dump 69.441 3.1755% 

Grand Total 2186.760 100.00% 

Table. 3.4 Area table of Land use of GMDC Core mine site (2015) 

Observations: 

The total mine area of 2186.76 hectare is classified in 18 different classes as 

shown in the table above . Table 3.4 showing status of Land use/Land cover in 

in Hectare and in percentage of total for the year 2015. Fig. 3.1.5 and Fig. 3.1.6 

shows satellite image and Land use map of mine area resp. 

Built-up 

The built-up area in 2015 is 4.97 hectare or 0.23% of the total lease area. There 

is no industrial activities going on within the lease boundary in 2015 other than 

mining. These Umarsar village is present in Eastern side of the lease boundary. 

These local set-up of residential colony with closely built structures including all 

buildings, school, commercial building, trees and other open spaces present 

within this setup is considered as one unit. There is also a presence of animal 

shelters with the lease boundary. Cricket playground seem to have be built or 

present during 2015. 

Agriculture area 
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The majority of the area within the lease in 2015 is barren land with area 

covering 64.87 % . Other major areas is Agricultural land which is mostly an 

uncultivated land / Fallow land covering 13.68 % of the total lease area. 

Water Regime 

There is no major river passing within the lease boundary however there is one 

small tributary passing from south-east to north-west direction within the lease 

boundary. Total area covered by river is 27.4 hectare or 1.25%. 

Water bodies in terms of lakes or ponds are not noticeable in 2015. 

Mining Area 

Mine pit area or quarry area mentioned here are the excavated areas with 

significant surface expressions. There are other areas of quarry or mining 

activities present within the lease boundary like waste dump, benches etc.  

In 2015 mining activities seem to have been started based on satellite image. 

Total mine pit area is 2.93 % of total lease boundary while the waste dump area 

is 3.17%. There is no back fill area present in year 2015. 

Rock Outcrops are found to be present within the core lease area in northern 

and western side. 

Shrubs: 

There is nearly 5.74 % of shrub land in terms of dense and medium clusters 

within the core mine boundary. The reduction in the area of shrub land is due 

to seasonal variation because of which most it is classified as barren land in 

2015. 

Plantation: 

There is no Plantation activities present or visibly seen during the year 2015. 

Transportation Network 

State Highway or Lakhpat-Gaduli road categorized here as metalled road is 

passing through the lease boundary from South-east to North-west direction. 

There are few unmetalled roads or Kaccha road present within the lease 

boundary including temporary material transport routes. Total area covered by 

metalled and unmetalled road is 26.3 hectare or 1.19 %. Area covered by 

material transport route is 15.68 hectare or 0.71 %. 
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Year 2018 

 
Fig 3.1.7 Satellite image of GMDC Umarsar core mine area (2018) 

 
Fig 3.1.8  Land use map of GMDC Umarsar core mine area (2018)  
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Legends Area (Hectare) Percentage 

Animal Shelter 3.089 0.1413% 

Back Fill 108.273 4.9513% 

Barren Land 1255.082 57.3946% 

Built-up 5.575 0.2549% 

Cricket Ground 1.099 0.0502% 

Dam 0.915 0.0418% 

Dense Shrubs 83.426 3.8151% 

Fallowland 225.860 10.3285% 

Floodplains 3.086 0.1411% 

Gate 0.004 0.0002% 

Material Transport Route 14.449 0.6607% 

Medium Shrubs 115.228 5.2694% 

Metalled Road 6.618 0.3026% 

Mine Pit 41.999 1.9206% 

Open Plot 5.840 0.2671% 

Plantation 0.372 0.0170% 

River 40.789 1.8653% 

Rocky Outcrops 101.936 4.6615% 

Unmetalled Road 31.388 1.4353% 

Waste Dump 135.289 6.1867% 

Water Body 6.442 0.2946% 

Grand Total 2186.760 100.00% 

Table. 3.5 Area table of Land use of GMDC Core mine site (2018) 

Observations: 

The total mine area of 2186.76 hectare is classified in 21 different classes as 

shown in the table above . Table 3.5 showing status of Land use/Land cover in 

in Hectare and in percentage of total for the year 2018. Fig. 3.1.7 and Fig. 3.1.8 

shows satellite image and Land use map of mine area resp. 

Built-up 

The built-up area in 2018 is 5.213 hectare or 0.24% of the total lease area. There 

is no industrial activities going on within the lease boundary in 2018 other than 

mining. These Umarsar village is present in Eastern side of the lease boundary. 

These local set-up of residential colony with closely built structures including all 

buildings, school, commercial building, trees and other open spaces present 

within this setup is considered as one unit. There is also a presence of animal 

shelters with the lease boundary. Cricket playground seem to have be built or 

present during 2018. 

Agriculture area 
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The majority of the area within the lease in 2018 is barren land with area 

covering 57.39 % . Agricultural land which is mostly an uncultivated land / Fallow 

land is covering 10.32 % of the total lease area. 

Water Regime 

There is no major river passing within the lease boundary however there is one 

small tributary passing from south-east to north-west direction within the lease 

boundary. Total area covered by river is 40.789 hectare or 1.86 %. Water bodies 

in terms of lakes or ponds cover around 0.29% of total lease area in 2018. 

Mining Area 

Mine pit area or quarry area mentioned here are the excavated areas with 

significant surface expressions. There are other areas of quarry or mining 

activities present within the lease boundary like waste dump, benches etc. In 

2018 mining activities seem to have been expanded based on satellite image.  

Total mine pit area is 1.92 % of total lease boundary. These included core mine 

pit area as well as mine pit Benches. Waste dump area is 6.18 %, these includes 

waste dump, benches and shrubs area. Back fill area is approx. 4.95%. Rock 

Outcrops are found to be present within the core lease area in northern and 

western side. 

Shrubs: 

There is nearly 9.08 % of shrub land in terms of dense and medium clusters 

within the core mine boundary. The reduction in the area of shrub land is due 

to seasonal variation because of which most it is classified as barren land in 

2018. 

Plantation: 

There is small amount of Plantation activities present or visibly seen during the 

year 2018. Plantation area is 0.37 hectare or 0.02% of total lease boundary. 

Transportation Network 

State Highway or Lakhpat-Gaduli road categorized here as metalled road is 

passing through the lease boundary from South-east to North-west direction. 

There are few unmetalled roads or Kaccha road present within the lease 

boundary including temporary material transport routes. Total area covered by 

metalled and unmetalled road is 38.0 hectare or 1.73 %. Area covered by 

material transport route is 14.45 hectare or 0.66 %.  
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II.  Field Visit Photographs: 

 
Fig 3.3.1 Mine Pit with Benches 

 
Fig 3.3.2 Waste Dump with Shrubs 
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Fig 3.3.3 Waste Dump area 

 
Fig 3.3.4 Built-up structure 
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Fig 3.3.5 security cabin 

 
Fig 3.3.6 Material Transfer Route 
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Fig 3.3.7  Clay 

 
Fig 3.3.8 Drone photography set-up 
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Aerial Photographs: 

Drone: IdeaForge – Ninja Model 

 
Fig 3.3.9 Ideaforge Ninja Drone used in Aerial Photography 

 

 
Fig 3.3.10 High resolution Sony 20 mp Camera used for Aerial Survey 
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Aerial Photography: Umarsar Site: 

Flight Plan Photo: 

 
Fig 3.3.11 Flight Plan for Aerial Survey 
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Fig 3.3.12 Aerial view of Material Transfer Route 

 
Fig 3.3.13 Aerial view of shrubs and drainage 

Study of Change in Land Use Pattern, Umarsar Opencast Lignite Mine Page 40 of 50



 
Fig 3.3.14 Aerial view of water body 

 
Fig 3.3.15 Aerial view of of stack 
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Fig 3.3.16 Aerial view of Mine pit with stack and Benches 

 
Fig 3.3.17 Aerial view of Mine pit with stack and Benches 
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Fig 3.3.18 Aerial view of shrubs grown over waste dump 

 
Fig 3.3.19 Aerial view of material transfer route 
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Fig 3.3.20 Aerial view of plantation 

 
Fig 3.3.21 Aerial view of of plantation 
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CHAPTER 4 

TOPOGRAPHY AND DRAINAGE 

 
The area presents varied degree of slopes in the study area. The slope where 

there is hilly terrain / rocky outcrop are present reaches up to nearly 63.0 

degrees while the area near the Kori creek in the Northern direction is either flat 

or with a very gentle slope. The area adjacent to the mining site also shows high 

degree of slope due to presence of rock outcrops near the villages of Guneri, 

Ukher, Umarsar and Chhuger etc.  

Study area reaches the maximum altitude of 219 mtrs which is more observed 

near the hilly terrain, while the minimum elevation recorded is below zero near 

the Creek area as per the elevation map generated from SRTM data.  

There are numerous tributaries seen within the study area because of the 

presence of rocky terrain. The pattern of the river tributaries is dendritic.  

 

 
Fig 5.1 Altitude map of study area 
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Fig 5.2 Aspect map of study area 

 
Fig 5.3 Slope map of study area 
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Fig 5.4 Drainage map of study area 
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CHAPTER 5 

LAND USE CHANGE ANALYSIS 

  Core Area 
Umarsar Core Area (Area in Hectare) 

  Area (Year Wise) Area (Change Analysis) 

Legends 2018 2015 2012 2009 
2018-
2015 

2015-
2012 

2012-
2009 

Animal 
Shelter 3.09 2.28 2.63 4.38 0.81 -0.34 -1.75 

Back Fill 108.27       108.27     

Barren 
Land 1255.08 1418.49 1296.27 1304.60 

-
163.41 122.22 -8.32 

Built-up 5.57 5.32 4.29 4.00 0.26 1.02 0.29 

Cricket 
Ground 1.10 1.10 1.10 

  
    1.10 

Dam 0.92 0.93 0.92 0.91 -0.01 0.01 0.01 

Dense 
Shrubs 83.43 76.86 190.59 75.33 6.56 

-
113.73 115.26 

Crop Land     83.41     -83.41 83.41 

Fallowland 225.86 299.25 250.77 398.27 -73.39 48.48 
-

147.49 

Floodplains 3.09 2.93 3.34 2.76 0.16 -0.41 0.58 

Gate 0.00 0.00           

Material 
Transport 
Route 14.45 15.68 

    

-1.23 15.68   

Medium 
Shrubs 115.23 48.88 143.33 195.29 66.34 -94.44 -51.96 

Metalled 
Road 6.62 6.02 5.61 4.51 0.60 0.41 1.10 

Mine Pit 42.00 64.03     -22.03 64.03   

Open Plot 5.84 4.38     1.46 4.38   

Plantation 0.37       0.37     

River 40.79 27.41 27.70 30.93 13.38 -0.29 -3.22 

Rocky 
Outcrops 101.94 123.45 158.41 157.65 -21.51 -34.97 0.76 

Unmetalled 
Road 31.39 20.30 5.88 8.15 11.09 14.42 -2.27 

Waste 
Dump 135.29 69.44   

  
65.85 69.44   

Water 
Body 6.44   12.51   6.44 -12.51 12.51 

Grand 
Total 2186.76 2186.76 2186.76 2186.76       

Table. 5.1 Area table of change analysis of Core mine site 
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Result and Discussion 

Mining Activities: 

There were no mining activities present in 2009 and 2012 based on satellite 

image. Mining activities is seen to have been started in the southern portion of 

the lease boundary by the year 2015. These areas was previously classified as an 

crop land in year 2009 and year 2012. Hence this should affect in terms of 

reduction in the total area of agriculture in later years. Based on satellite image 

it can be said that there has be high increase in the area on mining activities in 

2018 with current mine pit area covering upto 42.0 hectare and area inclusive 

of back filled area reaching upto 150.27 hectare of total mine area. 

Built-up area 

The built-up area occupied by umarsar village in 2009 is 3.76 hectare or 0.17% 

of the total lease area. There is no industrial activities going on within the lease 

boundary in 2009. The village is present in Eastern side of the lease boundary. 

The total built-up area has slightly increased from year 2009 to year 2018. Built-

up area in year 2018 was 5.2 hectare. 

Plantation 

There is no significantly visible Plantation seen in year 2009 as there were no 

mining activities present during that time. The plantation is seen only in the year 

2018 with area covering around 0.37 hectare. These can be considered as slight 

increase in the overall plantation area over a period of years. 

Agriculture Land 

There has been slight decrease in the area of total agricultural land inclusive of 

crop land and fallow land within the mining lease boundary from the year 2009 

to year 2018. The total agriculture area in year 2009 was 398.27 hectare while 

it decreased to 225.86 hectare in 2018. This is because of the increase in the 

mining activities in those areas. 
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There is no major river passing within the lease boundary however there is one 

small tributary passing from south-east to north-west direction within the lease 

boundary. 

Water bodies in terms of lakes or ponds occupy around 0.53% of total lease area 

in 2012 while they were no significantly visible in the previous year of 2009. 

There has been a slight increase in the overall area of river tributary and 

waterbody from year 2009. The river area increased from 30.93 hectare in year 

2009 to 4.79 hectare in year 2019. 
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Water regime 


