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Lecture 39: Life Cycle and Associated Environmental Impacts

Welcome to Lecture 39. Let us discuss the various matrices, particularly to achieve
sustainable mining using geoinformation. In our initial lectures and discussions, we first
talked about the technology—geoinformation technology, various remote sensing, GIS—
and then we also covered sensors and sensor technologies. Then, in the second phase, we
discussed the various mining-related activities and how they benefit from geoinformation
technologies. In the third phase, we discussed the 17 Sustainable Development Goals and
how some of them relate to mining or mining industries and how they benefit from
geoinformation tools. So, this lecture and the 40th lecture will discuss, in a cumulative
sense, how sustainability matrices for the mining industry can be achieved using
geoinformation technology.

CONCEPTS COVERED

« Sustainable mining aims to balance resource extraction
with env.al preservation and long-term societal benefits by

optimizing operations and adopting life cycle approaches
¢ Role of GeolNFO in monitoring and managing env.al impacts of
mining -> Sustainability Metrics

* Case Study: Application of GeoINFO

So, as all of us know, the concepts we are going to cover here are: Sustainable mining,
which aims at balancing resource extraction with environmental preservation and long-
term societal benefits. So, this is the essence of sustainable mining. So, on one hand, we
need to extract mining resources. But then, we need to maintain a critical balance
between the extraction of mining resources and environmental preservation,



environmental management, environmental quality maintenance, and it must align with
long-term societal benefits.

So, this can be optimized by using various approaches, such as life cycle approaches. So,
in this 39th lecture today, we will discuss more about sustainability matrices and take a
few examples of how they have been achieved or could be achieved using
geoinformation tools. These four parts—particularly the inputs, land disruption, output,
and closure—were presented in a 2018 publication by Gorman et al. These are the key
environmental sustainability parameters related to the mining industry that can benefit
from geoinformation technologies. So, the first inputs, as far as the inputs are concerned,
are majorly water use in terms of reduction and recycling.

Key Environmental Sustainability Parameters related to Mining -> GeoINFO
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So, in this mining sector, in the mining industry sector, lot of water are used, but we need
to really think of reducing the water use, optimizing the water use and also recycle the
water use, where we know that geothermal has a great role to play. Second in terms of
input is the energy. So, here also we need to in terms of the to achieve the key
environmental sustainability parameters as far as energy is concerned we also need to
reduce and use alternative that means the renewable energy instead of hydrothermal and
coal. So, we can mean instead of the non-renewable we can shift to renewable to the
utility of renewable energy resources. The third is the reagents in this we use lot of
reagents and need to reduce and come or think out think of the substitutes of the reagents.

Now, let us move to the second component the second part that is the land disruption. So,
here the biodiversity is the first component as far as biodiversity is concerned both in
terms of flora, fauna and also we add the microbes to it. So, all this gets disturbed
disrupted when a mining activity is taken in an area. So, that we understood that we also



need to achieve means we need to take care of this environmental variable as far as or in
order to attain the sustainability.

The second is soil along with the biodiversity. Lot of disruption happens to the soil
erosion soil contamination soil and many other ways we disturb and disrupt the soil. The
third is prevention of seismic effect. The moment we go in terms of resource extraction in
mining, we are prone or the area is prone as far as lot of seismic activity is concerned
because we create a vacuum. So, that also falls under this land disruption category and
there are critical areas which also can be identified or can be managed sustainably as far
as the geoinformation technology is concerned. Now the next part is the output when
these activities happens in terms of mining industries it disturbs or it enhances | would
say it manipulates as far as the greenhouse gases are concerned.

So, in a sense, it interferes with the climate or climate change activities, as we know
greenhouse gases contribute toward the warming of the Earth's temperature. So, any kind
of these activities in the mining sector contributes to the alteration or manipulation of
available greenhouse gases, and in a sense, it also contributes to climate change. Now, the
second one is acid waste or sometimes we say acid mine drainage. So, a lot of these
means flow in terms of spillover or something similar. So, this also needs to be taken care
of, and geoinformation helps by providing a good situation in terms of a geospatial
platform.

The third is pollution. So, as far as pollution is concerned in the mining industry, we all
know that the surrounding ambient air, water, and soil all get polluted. So, these are some
of the negative impacts as far as mining industries are concerned, and geoinformation is
extremely useful in providing a situation or helping in terms of taking preventive and
corrective measures. Now, during or after the closure of mining—once the mining
extraction is over—we need to do a lot of remediation and reclamation activities, and
these also need to be monitored at regular intervals. So, here, geoinformation technology
helps by providing useful information that aids in monitoring the remediation and
reclamation activities post-mining or after the closure of the mine.

Now, in detail, if we take this as far as the key environmental sustainability matrices are
concerned and the relevant phase of mine life. So, here, what | want to say is that the use
of quantifiable sustainability matrices across exploitation operations and closure phases
enables comprehensive assessment and actionable improvements in mining sustainability.
So, here, let us see in terms of a lot of exploration and mine development activities, and



in the middle column, we have put the various operations that involve this, as well as
closure and long-term monitoring. As we just mentioned, in terms of exploration and
mine development, we have various land requirements as far as the land is concerned for
developmental purposes. The area of land permitted or owned for disturbance—we say
this the moment we refer to disturbance for mining-related activities.

Key Environmental Sustainability Metrics and the Relevant Phase of Mine Life
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The dust emission, noise pollution, propensity of soil erosion, landslides, earthquakes,
and the land area in sensitive areas. So, let us see as far as the land requirements for
development are concerned, several operations such as the volume of material input,
including water, reagents, fuel, and solvent use, are all involved. During closure or after
closure, we go for long-term monitoring of the effect on the population. Indicators of
species biodiversity loss all help in terms of bringing or coming out with a kind of
environmentally sustainable matrix. Similarly, as far as dust emission is concerned,
during operation, the volume of materials recovered and recycled. So, the area of the land
stabilized and recontoured, the pace of restoration—these things can be very well
monitored and measured using geo-information technologies.

The propensity of soil erosion, landslides, and earthquakes. So, the rate of depletion of
resources, particularly in terms of backfilling, can benefit from geo-information. Let us
see the last row that talks about land area in sensitive places over the mining region. So,
emission rates, particularly pollutants, greenhouse gases, transport intensity with respect
to material transport and the employees or workers, total energy use, and the percentage
of energy from renewable sources. So, these things fall under the category of operations.

Now, with respect to post-closure, the number of involved incidents, air pollution
emissions as far as different air pollutants are concerned, and then the post-closure water
runoff. So, all these things can be very well monitored using geo-information, and they



act as environmental sustainability matrices as far as the relevant phase of mine life is
concerned. Now, let us move to the next term called the life cycle. So, the life cycle and
associated environmental impacts for a mined material. The life cycle of a mined material
emphasizes the need for a holistic approach to sustainability, integrating resource
efficiency, waste management, and long-term environmental stewardship at every stage.
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So, on the left hand side one flow diagram that includes the key inputs and the key
outputs with respect to different phases of materials life. So, let us see what are the
different phases of materials life. The first one is the exploration and mine development.
Here the input is we need energy as far as drilling, cleaning, construction material,
reagents also in terms of the water. And with respect to this exploration and mine
development, the output are overburden, land disruption, the dust and air pollution.

The third one let us I am skipping one each because it is the similar way. So, let us move
to the third one after the mining when we see the mineral processing. Here also the input
could be water, the reagents, the energy and also lot of crushing and grinding activity. So,
key outputs we can see the air pollution or lot of chemical waste that go in terms of
tailing. Now, the fourth one that deals in terms of the material life talks about production
metallurgical processing.

So, here also energy other raw materials resins and water are the key inputs, but the
output in terms of air pollution, water pollution, chemical and hazardous waste which
gets released in terms of slag. So, this flow diagram has been given by Gorman et al that
talks about the life cycle and finally, what we need to understand that through all this
including manufacturing use phase and end of life in terms of waste management and
post closure. Everywhere the remote sensing, the GIS or in totality the geoinformation
technology has a role to play and this together helps in terms of achieving the



sustainability in mining sector or we say it helps us in terms of calculating a kind of
sustainability card over the mining region. Now let us see the environmental
sustainability matrices one by one and the geoinformation benefits. So, what we can see
as an example lot of these things we have already discussed but let us see as far as
matrices are concerned of for achieving the environmental sustainability of mining.

_ Environmental Sustainability Metrics and GeoINFO _

Air Quality Monitoring

Dust generation due to mining operations (drilling, blasting, transportation)

«  RS: Use satellite-based aerosol optical depth (AOD) measurements (e.g., MODIS, Sentinel-5P) to
estimate particulate matter (PM2.5 and PM10} concentrations. These can be used to map dust plumes
spatially and identify hotspots.

«  GIS: Overlay AOD data with mine layouts and transportation routes to pinpoint critical zones for dust
suppression measures. Temporal analysis in GIS can track the effectiveness of dust control systems over

Water Quality Monitoring

Mine water contamination with suspended solids, oil, and grease.

+  RS: Use Sentinel-2 MSt and Landsat imagery to monitor turbidity in nearby water bodies. The red and
near-infrared (NIR) bands are particularly useful for detecting sediment concentration

*  GIS: Combine water quality field data (e.g., pH, turbidity, suspended solids) with spatial map

So, let us see a few one by one. First is the air quality monitoring in terms of the lot of
dusts as we know are generated due to mining operation including drilling blasting
transportation all these things. So, these we can very well monitor using the satellite
based data particularly the aerosol depth coming from MODIS or we have already
discussed from Sentinel 5P that is the TROPOMI sensor. So, this also helps us in terms of
recording or assessing and periodically monitoring as far as the particulate matter 2.5, 10
and various concentration sizes concerned. This can be used to map the dust plumes
spatially and identify the hotspots.

So once we get the data from the satellite in periodic interval, then it is left to us what
kind of analysis we do. There are many various analysis based on the rose wind the wind
variation across the across the year we can see how much in which part of the year how
much is the dust deposition or the what is the direction of the dust in terms of the dust
plumes over temporal and spatial scale. So, we know which direction and how much and
which part of the year. So GIS here helps in terms of overlaying this aerosol optical depth
data with various mine layout and transportation route and can very well pinpoint the
critical zones for dust suppression measures. Once for a mining sector, we have this
already over a GIS platform, it helps us in terms of generating dust control mechanisms
or installing dust control systems over time.



In a sense, this helps in terms of achieving the environmental sustainability in mining
sector. Now let us move to the next one the water quality monitoring mine water
contamination with suspended solids oils and grease. So, these are various things are
involved as far as the mining activity concerned lot grease contamination and lot of
suspended solids. So, here also remote sensing is useful in terms of monitoring the
turbidity in the nearby water bodies. The red and NIR bands are particularly useful for
detecting the sediment concentration in terms of the deposition where and how much.

So, GIS also helps in terms of linking any kind of ground-based observation sample you
take, pick samples to analyze, and link it to the spectral signature in terms of the pH,
turbidity, and suspended solids with the spatial map. So, in that way, the water quality
due to mining activities can be very well monitored in order to achieve sustainability.
Next is the reclamation monitoring. As far as mining activity is concerned, there is a lot
of disturbance in terms of landscapes that need to be restored after the closure of mining
operations. So, here various indices in terms of NDVI, EVI, and many more are really
useful to understand how much was the pre and how much is the post.
_ Environmental Sustainability Metrics and GeoINFO _

Reclamation Monitoring

Disturbed landscapes need to be restored after mining operations

« RS: NDVI (Normalized Difference Vegetation Index) and EVI (Enhanced Vegetation Index)
derived from Landsat or Sentinel-2 imagery can track vegetation regrowth on reclaimed land
LIDAR data can measure topographical changes to ensure proper backfilling and grading

« GIS: Perform land-use change analysis using multi-temporal imagery to evaluate the

transition from mining to r Overlay pr ing and post-mining maps to assess

compliance with land-use restoration goals
Solar Installations on Reclaimed Lands

Locations for Solar Installations

* RS: Use solar maps to solar pof on reclaimed lands

* GIS: Perform site sui y analysis by g \g solar iation data with slope, elevation,

and proximity to infrastructure layers

So, now we have satellite data since 1972, over more than 52 years. So, at frequent and
regular intervals, that can be very well used to monitor the pre and post as far as any kind
of disturbance over the landscape is concerned. So, this can very well benefit from GIS-
based analysis. Now let us move to the reclamation. One of the reclamation methods, as
far as mine closure or deposition of some of the dumps is concerned, is the installation of
solar power plants or solar panels.

So, particularly on the reclaimed area, the solar panels can be very well installed. So, in
this sense, remote sensing helps in terms of evaluating where the land area can be
reclaimed. And that means, indirectly, it shows how much area is available based on



other studies in terms of illumination and the directional property of solar radiation
availability. We can very well calculate and see, and the geoinformation analysis can
very well provide information in terms of site suitability analysis for the installation of
solar panels or solar cells. Now, moving to the next one: climate and ecosystem impact
studies.

_ Environmental Sustainability Metrics and GeoINFO _

Climate and Ecosystem Impact Studies

Assess long-term environmental impacts of mining on local ecosystems and climate.

* RS: Use multi-temporal MODIS and Landsat data to analyze land surface
temperature (LST) trends and vegetation dynamics over time.

* GIS: Combine climate data (e.g., T, P) with spatial land-use changes to model
impacts on ecosystem services such as carbon sequestration and hydrology.

Mine Water Utilization

Efficient use of treated mine water for irrigation, domestic supply, and groundwater

recharge.

« RS: Monitor water storage levels in mine voids using radar satellites like Sentinel-1
(for water extent) and optical satellites for seasonal variability.

« GIS: Develop hydrological models to map water flow from mines to nearby

agricultural fields and villages. Integrate topographic and hydrological layers to

identify areas where water recharge can be maximized.

So, here in terms of the long term environmental impacts of mining on local ecosystems
and climate. As we already know that if we use lot of satellite data that can give us in
terms of the air pollutants, the AOD, the LST. So, this information over time can help in
terms of combining with other climate data such as temperature and precipitation and
then we can relate it with respect to the change in terms of vegetation loss or the land use
or the land cover changes and we can model and come out with various maps that can
have implications as far as ecosystem services such as carbon sequestration or hydrology
is concerned. Now the next one is mine water utilization.

So, efficient use of the treated mine water for irrigation, domestic supply and ground
water recharge. So, lot of satellite data particularly the microwave data which is coming
are available from various satellites including Sentinel-1 are good in terms of delineating
the water extent and the seasonal variability. The GIS develop hydrological models to
map water flows from mines to nearby agriculture or fields and villages. So, this when
we integrate with other variables in terms of topography or hydrology layers, it is useful
in order to identify areas where water recharge can be maximized. the plantation
monitoring so many places as a reclamation activities or you say biological reclamation
activities the plantation is one of the best tool so we mean the environmental or the
mining sector the mining people they try to they plan plantation so as so as it can arrest
many things



— Environmental Sustainability Metrics and GeoINFO _

Monitoring Plantation Success

Ensuring effective biological rec! i gh pl

« RS: Use high-resolution imagery from PlanetScope or Sentinel-2 to monitor plant density and
health. Biomass estimation can be done using vegetation indices like NDVI and SAVI

« GIS: Create spatial plantation maps to assess survival rates of saplings and analyze the spatial

distribution of different species. GIS can also integrate biodiversity data to identify areas
suitable for habitat creation

Developing Eco-parks and Wildlife Sanctuaries

Develop reclaimed mining areas into eco-parks for tourism and community benefits

hieh

* RS: identify areas with high scenic value or blodiversity p | using hig huth -~

imagery and spectral indices. Use DEMs from satellite data (e.g., SRTM, ALOS) to map terrain

suitability for eco-parks

* GIS: Plan infrastructure such as pathways, boating facilities, and visitor centers by integrating
terrain, land-use, and ecological data. Combine terrain, vegetation, and proximity to water
sources to plan wildiife enclosures and tourist facilities. GIS can also analyze habitat
connectivity for wildlife corridors

So, here the remote sensing with high resolution data coming from various sensors,
Sentinel-2, PlanetScope, they help in order to understand that how much vegetation is
where, what is their plant density, what is their health and in terms of vegetation content,
so that helps. And then we can also plant the gap fill plantation, how much less is there
are where the density is very less in terms of the vegetation distribution, there also the
gap filling plantation can be done and using various indices NDVI, SAVI service oil
adjusted vegetation indices these activities are practiced in regularly we have already
discussed in some of our previous classes. Now, developing eco parks and wildlife
sanctuaries develop reclaimed mining areas into eco parks for tourism and community
benefits. So, many many areas over the mining mining region or the mining ecosystem
can be very well identified and and in terms of a site suitability analysis we can propose
that these are the areas could be more suitable for developing eco park for in order to
maintain a balance as far as the ecosystem or the environmental aspect is concerned. or
wherever we can also if possible based on the area availability some wildlife sanctuaries
can be proposed.

So, these actually help or contribute in totality as far as the mining industry is concerned
as the sustainability matrices studies. Now let us look at a few case studies. The first one
is the COVID-19 slowdown-induced improvement in air quality. This study has been
done by our team, but here mostly the M. Tech students were involved. They have been
studying this during the autumn semester in 2020, the year when we had the corona
lockdown impact. So, what we did is we tried to understand the various changes in the air
quality parameters, which we have taken as the air quality indicators for the variation
over a monthly time scale for 3 years, using the Sentinel TROPOMI, that means,
Sentinel-5P, the data sensor known as TROPOMI. Using the cloud computation platform,
the Google Earth Engine, which uses JavaScript for analysis as well as visualization, with



this study in terms of comparative analysis, all the students tried to find out the air quality
parameters and their variation.
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METHODOLOGY

*  Alr quality indicators were studied for monthly variations
aver three years

*  Sentinel-5P TROPOMI data processed on GEE using
JavaScript for analysis and visuallzation.

+  Seasonal and reglonal varlations were analyzed, with a
focus on agro-cimatic regions and poliution hotspots.

*  Comparative analysis was conducted for alr quality
during COVID-19 lockdowns in 2020 and 2021,

KEY FINDINGS
+  Significant reductions in NO,, $O,, HCHO, and aerosol levels were observed during March-May 2020
compared to 2019, indicating improved alr quality during lockdowns
+  In 2021, increased levels of NO,, 50, and CO were noted, indicating a rebound as restrictions eased
levels were infi by ags activities and showed a seasonal pattern
«  UVAl and O, concentrations varied seasonally, with reductions observed during lockdowns

(Behera ot. al., 2021)

Here, three consecutive images have been shown. You can see the nitrous oxide, the
sulfur dioxide, and also the formaldehyde. This is over India during March to May for the
period of 2019 to 2021. So, 2019 March, April, May; 2020 March, April, May; and 2021
March, April, May. So, this actually gives very good information as far as how much
damage or how much change in terms of the air quality parameters, particularly nitrous
oxide, sulfur dioxide, and formaldehyde, has happened. Using a similar approach over the
mining area, we can study the change in terms of the air quality variation.

So, what is the take-home message? The key findings are a significant reduction in
nitrous oxide, sulfur dioxide, and formaldehyde, and fewer aerosol levels were observed
during March to May 2020 in comparison to 2019. Similar studies have found this is
because of the slowdown as far as the corona or COVID-19-related lockdown was
concerned. Now let us move to another study where we try to see, this is also from our
lab, we try to see the modeling and analyzing the watershed dynamics. Here, essentially,
the multi-date data has been picked: 1972, 1990, 1999, and 2004. So, over a time scale,
we try to understand how much change in terms of various land use and land cover
classes has happened.



Case Study: Modelling and analyzing the
watershed dynamics

S y Arva: Choudwar watershed, Odisha, India

Dataset: Multi-date Landsat images (1972, 1990, 1999, 2004) along with

soclo-economic data

METHODOLOGY

¢ LULC Mapping: Unsupervised classification of satellite images
identified seven LULC classes.

*  Change Detection: Transition matrices modeled historical LULC
(han(e

fiction: The CA-Markov model predicted future LULC scenarios for

2004 and 2014 based on past trends and soclo-economic deivers.

KEY FINDINGS
rends: Agricultural expansion (181.96 ha/year) and settioment e
growth (9.89 ha/year) from 1972 to 2004, while forests, wetlands, and ™9 'O year
nunhv lands shrank.
rs growth, | , and proximity to
o-bm/wm'mon(\ were key drivers of forest foss.
Fu i ns: By 2014, agricultural and settlement areas will
Increase, while forest areas decrease.
racy: The model achieved 85.5% accuracy in predicting 2004 LULC
changes.

(Behera et. al,, 2012)

Then, once we understood this, we tried to frame a kind of transition matrix and then
model, as far as the land use land cover change is concerned, and we have chosen the
CA-Markov model. So, the CA-Markov model gives the direction and the magnitude of
the change in terms of various land use land cover classes, and we try to predict it for
2000 based on 2014. From 2004 to 2014, we predict for the next scenarios, and it was
giving us good accuracy. So, what we found was that by 2014, agricultural and settlement
areas will increase while the forest cover decreases. This is a regular finding people are
getting because when we think of expanding agriculture, we only have those barren areas
or some forested areas left where we can convert them for agricultural purposes. So, this
is a finding, and in a similar way, over mining regions, we can study and take different
time period data.

We analyze it, interpret it, then come out with a kind of transition matrix. Then, we can
also see what the change is in terms of direction and magnitude, and we can predict for
the future. Once we have that kind of map, it helps us in terms of planning to achieve
sustainability. So, in a similar way, remote sensing is used in terms of monitoring. So, we
need to monitor post-closure of mining, post-closure as far as mining activity is
concerned. So, here, through this, we have used several indices, particularly the NDWI
(Normalized Difference Water Index), NDVI, and a lot of ground visits also. Then, what
we did was we tried to see how much change has happened because of some
development, land and water developmental activity, or say, the intervention activities.
So, through this, we can very well understand and say that yes,



Case Study: RS as a Monitoring Tool for Land and Water Resources Development

K(V FINDINGS
Check Dams: 766 dams increased water spread
sl(nll-(amly especially on flat terrain. NOW!
revealed deep water bodles, though shadows and

Study Ares: Tripura (Dhalai and North Tripura districts) with valleys, plains, and hills
satellite lmagery: Landsat (2008) and Sentinel-2 (2016-2017)
und Data: GPS -> Check Dams and Plantation sites, Fleld Photos, and site sketches

METHODOLOGY small sizes posed challenges.

+ identified check dams and water bodies using NDW1 and spectral reflectance *  Plantations: Pineapple (+0.1 EVI) and bamboo
*  Monitored plantation growth with EVI, categorized by species, canopy, and weed showed the highest vegetation growth. Mixed
presence. plantati pe Y
H . - (Behera et. al, 2018)
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Fig. Check dams with imagery, NOWI and ref Fig, Planta ypes with Landsat, EVI and reflectancy

you have a variation as far as the spectral signature is concerned because of any activity
or change in any activities on the ground in terms of land use and land cover. So, that can
be very well captured using the satellite signature, and with intelligent—what you say—
careful analysis, we can very well say what the intervention-related benefits or changes
are that can be captured. Then, we also tried to see how much the hydrology is affected
because of this land use land cover change. So, we used here a model published by Das et
al. in 2018. So, here, what we try to do is we try to select the satellite-based outputs in
terms of land use land cover change, and also we try to integrate the climate data coming
from the Indian Meteorological Department and streamflow data coming from different
gauging sites available on our CWC or the Central Water Commission webpage.

Case Study: Impact of LULC Changes on Hydrology in Eastern Indian River Basins

Study i i "fodl] oo Fig. LULCC effect on monthly
Na‘av-tl bn«mn in eastern India. M / ™~ s a ) )
Dataset Satelite-dertved LULC maps, soil data (NBSS&LUP), cmate il N\ uring 1985, 1995
data (IMD), and streamflow data from gauging sites, ~ ;l— sy (Das et. al, 2018)
METHODOLOGY g

Model: Variable Infiltration Capacity (VIC) model for hydrological

analysis.

ng: ISRO-IGBP LULC Dynamics Platform (ILULC-DMP).

Streamflow data validation at gauging sites. \ / \
\ > .

. lysis: Comparison of hydrological variables across
decades (1985-2025).

KEY FINDINGS 24 \
«  Evapotranspiration (ET): Decreased overall (-0.03% during 1985~ 2
1995; projected -0.09% by 2025)

o Runoff and Baseflow! Increased trends (+0.05% runoff, +0.08% \
baseflow by 2025) \

«  Drivers: Deforestation, urbanization, and cropland expansion e 1 S & —e e
reduced canopy cover and water retention \ /7
Futurs Projections: Continued deforestation and urban growth n \

will intensity hydrological changes

So, then what we did we try to run a model that depends on the variable infiltration
capacity. So, variable infiltration capacity is directly connected in terms of the change in
the land use or the land cover. So, we try to see here how much is the impact or how
much is the variation as far as the evapotranspiration the runoff or the base flow is
concerned because of the change in the vegetation cover and then we try to predict it. So,



what we can see from or take from this example or this case studies that because of any
alteration in the land use land cover over the mining areas which there are there the the
surface hydrology is going to affect. And this kind of studies using geoinformation is
means is very very operational or very well benefit in terms of the mining area is
concerned to achieve sustainability.
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The life cycle of a mined material emphasizes the need for a holistic approach to
waste and long-term

environmental stewardship at every phase

» Key environmental sustainabllity parameters, such as water use reduction, biodiversity
protection, and pollution control, highlight the importance of multi-stakeholder initiatives
to drive responsible mining practices

The use of quantifiable sustainability metrics across exploration, operations, and closure
phases enables pr iy and lonable imp: in mining
sustainability

» GeolNFO bridge the gap between mining operations and sustainability goals by enabling

N

effective monitoring, analysis, and planning

So, these are the references we have used to prepare these slides and further discussions
and let us conclude. The life cycle of a mined material emphasizes the need for a holistic
approach to sustainability, integrating resource efficiency, waste management and long
term environmental stewardship at every phase. key environmental sustainability
parameters such as water use reduction, biodiversity protection and pollution control.
They all highlight the importance of multi-stakeholder initiatives to drive the responsible
mining practices. So, in totality geo information is very useful to quantify the
sustainability matrices and also it helps to bridge the gap between the mining operations
and the sustainability goals by enabling effective monitoring, analysis and planning
mechanism. Thank you very much.



