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Lecture 14: Contamination Mapping and Geo-Assessments

Thank you. Welcome to the 14th lecture on contamination mapping and geo-assessments.
Friends, let us discuss mapping contamination of water and soil using geo-enforcement
techniques such as remote sensing and GIS. In this, we will try to understand how to detect
toxic spills, acid mine drainage, and a few other effects that arise due to contamination in
water and soil. Second, we will also discuss geospatial assessments for identifying high-
risk areas and talk about the spread of contamination.
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CONCEPTS COVERED

* Mapping Contamination Of Water and Soil Using Remote
Sensing (e.g., Detecting Toxic Spills, Acid Mine Drainage)

« Geospatial Assessments For Identifying High-Risk Areas and
Contamination Spread

« Case Study: Using Satellite Imagery To Monitor Environmental

Contamination Near Mining sites

We will also take a few case studies that use satellite data to monitor contamination near
and around mining sites. With this, let us get introduced to the term contamination and
what you understand by contamination mapping. Contamination mapping involves
tracking and analyzing pollutants across soil, water, and air environments using
geoinformation or geospatial data. To assess and mitigate environmental hazards, here in
this particular case, we are studying environmental hazards around the mining sector or
mining industries, so contamination plays a crucial role in helping sustainable mining to
minimize environmental damage as well as monitoring pollution, thereby ensuring
compliance with the rules and regulations



Introduction to Contamination Mapping

¢ Contamination Mapping involves Tracking and Analyzing Pollutants Across Soil,
Water, and Air Envir using Geospatial Data to Assess and Mitigate
Environmental Hazards.

oIt vlayx a Crucnal Role in Sustainable Mining, Helping to Minimize

Envir D ge, Moni Pollution, and Ensure Compliance With
Regulations.
Importance of
Contamination Mapping
Mining Poll such as Heavy

Metals, Acid Mim Drainage (AMD), and Toxic Spills

Und: di ination helps mitig:
Erwironmenw risks and protect Ecosystems

given by the State Pollution Control Board or monitored by the Central Pollution Control
Board, and we have several rules and regulations that need to be complied with. So, what
is the importance of contamination mapping, particularly in mining activities? In the
mining industries, pollutants are generated, such as heavy metals, acid mine drainage
(abbreviated as AMD), and several toxic spills. Understanding contamination and
contamination mapping helps us mitigate environmental risks and thereby protect mining
ecosystems or the surrounding ecosystems. In contamination mapping, monitoring, and
management, remote sensing, GIS, and in general, geoinformation play a critical role in
providing data and analyzing the situation. The integration of remote sensing and
geographic information systems provides powerful tools for identifying, mapping, and
managing contamination resulting from mining activities.

Role of Remote Sensing and GIS

The integration of Remote Sensing (RS) and Geographic Information Systems
(GIS) provides powerful tools for identifying, quantifying, and managing
contamination resuiting from mining activities.

Role of Remote Sensing Role of GIS

Remote sensing offers multispectral, GIS integrates spatial data from remote
hyperspectral, and thermal Imaging sensing with other datasets for
capabilities to monitor contamination comprehensive contamination mapping.
over large areas.

Key applications include KLy applications include

*  Monitoring Soll Contamination Spatial Analysis and Modeling

*  Water Quality Assessment * Contamination Hotspot identification
*  Air Quality Monitoring * Temporal Monitoring

* Land Cover and Vegetation Analysis * Decision Support System (DSS)

We all know the role of remote sensing and GIS. Hyperspectral, thermal, microwave, and
as far as the role of GIS is concerned, it integrates both the spatial information. So the
information or the data which comes from remote sensing sources is spatial in nature. It is
integrated using other properties, integrating those that have other properties in terms of



attribute data or non-spatial data using a geographic information system, or we call it GIS.
So this provides, or this helps—the GIS helps in comprehensive contamination mapping.

So, as far as remote sensing is concerned, the applications in terms of contamination
mapping could be monitoring the contamination, particularly soil contamination, assessing
water quality, air quality, and also the changes in land and vegetation cover. And by taking
this information into the GIS domain, several key applications in the contamination domain
are possible, such as spatial analysis and modeling. Contamination hotspots can be
identified where the maximum probability or occurrence of contamination exists. We can
define that as the hotspot. It can be identified and monitored on a regular basis.

So, when we have all this information, it can be put together in the form of a decision
support system, or sometimes we also call it the SDSS, Spatial Decision Support System,
where we can see it in the form of maps or images—what has happened where in terms of
contamination maps—and that helps us in monitoring. So, let us move to the next one,
which is Acid Mine Drainage, sometimes abbreviated as AMD. So, detecting acid mine
drainage is significant in terms of In terms of mining area management, this AMD results
from the oxidation of sulfide minerals, primarily pyrites, which generate acidic water rich
in heavy metals. So this contamination poses serious risks to ecosystems, water quality,
and human health.
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Acid Mine Drainage (AMD) Detection

It Is a significant environmental issue In mining areas, resulting from the oxidation of
Sulfide Minerals, primarily Pyrite, which generates Acidic Water Rich in Heavy Metals
This contamination poses serious risks to Ecosystems, Water Quality, and Human Health.

Detection using Remote Sensing
and GIS

l | Hyperspectral and Multispectral sensors can dnm the presence ol AMD-
‘ related minerals by analyzing their Spectral Absorption Feat

__| Thermal Infrared Sensors can identify Te Anomalies caused by
Chemical Reactions lmchud Mlh AMD

GIS enables spatial integration of remote sensing data with topographical,
geological, and hydrological datasets to identify AMD hotspots

.....

Detection using remote sensing and GIS, as far as the acid mine drainage is concerned. The
hyperspectral and multispectral sensors can very well detect the presence of these acid mine
drainage-related minerals by analyzing variations in their spectral absorption and
reflectance properties. The thermal infrared sensors can identify temperature anomalies
caused by chemical reactions associated with the acid mine drainage. And the GIS helps,
as we already mentioned, in the integration of this spatial data along with the non-spatial



data. Including many other related datasets such as hydrological and similar parameters
that help to identify the acid mine drainage hotspot areas.

Now, the techniques available for contamination mapping—we have been discussing
multispectral and hyperspectral imaging—as far as multispectral and hyperspectral
imaging is concerned, they are very useful in detecting the contaminants. Identifying
specific wavelengths absorbed or reflected by toxic elements such as heavy metals and
organic compounds helps us in monitoring and managing the contamination. Now, coming
to the indications, the presence of AMD (acid mine drainage) indicators helps in
differentiating between different minerals or metals. Such as iron oxides and sulfates,
which are commonly associated with AMD, we can differentiate them using different
spectral properties. These iron oxides and sulfates will have different spectral behavior—
sometimes we call it spectral properties, spectral reflectance properties, or spectral
absorption properties. And these properties are useful in differentiating the different metals
or minerals, and that is how they help in providing indications about the acid mine drainage.

Remote Sensing Techniques For Contamination Mapping

Multispectral And Hyperspectral Imaging

Detection of C ying Specific h or Reflected by Toxic
Elements, Such as Heavy Metals or Organic Compounds
i s of AMD: W Iron Oxides and Sulfates Commonly Assoclated with AMD
Using Spectral Data
*  Applications:

* Monitoring Water Discoloration Caused by High Metal Concentrations
* Detecting Vegetation Stress Due to Soil Contamination

Synthetic Aperture Radar (SAR) Thermal Infrared Imaging

* Advantages: Effective Under Cloudy or | |+ Utllity: identifying Heat Anomalies Caused
Nighttime Conditions, Making it Suitable for by Chemical Reactions in Contaminated
Continuous Monitoring Solls or Water

¢  Key Uses: *  Examples:

* Assessing Subsidence or Structural * D T3 O in
Changes in Mining Sites Linked to Waste Dumps
Contamination * Tracking Pollution Plumes in Water

*  Mapping Flood-prone Areas Near Tallings Bodies
Ponds

The applications could be monitoring water discoloration caused by high metal
concentration. So, if the water has a higher concentration of metals, that will be reflected
in its color. This change in the color of the water can be captured using satellite remote
sensing, and it could be due to contamination by heavy metals flowing from mining
activities. And also, this contamination leads to vegetation stress. So, the water which has
a higher concentration of heavy metals will affect the vegetation in terms of its nutrition,
growth, and other activities.

So detecting this vegetation stress, the detection of vegetation stress is possible if we can
detect whatever contamination is present, particularly heavy metal contamination in the
soil or water. Now, the role or the advantages of using microwave or synthetic aperture



radar data. So the advantage of using SAR data is that, as we all know, it has cloud
penetration potential. It is weather-independent. That is why the utilization of SAR data
helps in all-weather monitoring of contamination.

So the key uses are assessment in terms of subsidence or structural changes in mine sites,
which can be linked to contamination. And also mapping flood-prone areas near tailing
ponds that could be affected or could have been contaminated by heavy metals coming
from the mining sector. Thermal infrared imaging utility. So, the utility could be
identifying heat anomalies caused by chemical reactions in contaminated soil or water. So,
that is how, based on thermal properties, the variation in temperature or heat anomalies can
be detected.

Waste dumps can be detected because they will have differentiation in heat properties due
to exothermic oxidation behavior. And also, pollution plumes can be tracked, which will
be linked to air or water bodies. So the utilization of SAR and thermal data helps in
identifying, mapping, and monitoring contamination. The techniques for water and soil
contamination mapping. So let us discuss water contamination monitoring.

Techniques For Water and Soil Contamination Mapping

Water Contamination Monitoring

* Use Of Reflectance Indices To Map Algal Blooms In Water Bodies Affectad 8y Nutrient
Runoff From Mining
Spectral Analysis For identifying Discoloration Caused By Metal Leaching

detect Plumes Of Warm, Polluted Water

Soil Contamination Analysis

. ombining Spectral Data With GIS To Identify H

So use of reflectance indices. So we have a lot of bands, the raw bands and we also come
out with a lot of indications or indices based on the reflectance bands. So, these help the
indices though some of the reflectance based indices helps in mapping the algal blooms.
So, the algal blooms they come or they come over the water bodies so that can be linked
that can be related because of the contamination by nutrients or runoff or runoff of different
heavy metals from mining sector.

So, studying the reflectance indices we can also study the contamination behavior as far as
the water the algal blooms over the water bodies are concerned. Spectral analysis for



identifying discoloration caused by metal leaching. As we know, because of the
contamination, the color of the soil, the water will be changed. And that can be very well
captured by spectral analysis because they will have a different spectral behavior than the
original or the raw water body or you say uncontaminated water body or the soil. So this
can be mapped, this can be identified because of difference in the spectral reflectance
behavior which can be linked to the leaching of leaching biomaterial by different metals.

The thermal imaging to detect plumes of warm and polluted water as we just mentioned
using thermal imaging the anomalies in heat can be captured and that can be linked and
attributed to the plumes of warm and polluted water. The soil contamination analysis.
Combining spectral data with GIS to identify hotspot of heavy metal deposition, multi-
temporal analysis for monitoring degradation over time, and mapping the changes in soil
organic content also can be linked to industrial pollutants. So, friends, the hotspot as far as
the heavy metal deposition can be very well analyzed using GIS. The multi-temporal data
can be used to analyze the degradation and monitor the degradation over time and the
organic content, the soil organic content can be linked or the variation in the soil organic
content can be linked

to different industrial or you say here the mining industry pollutant sources and that can be
very well mapped and attributed to contamination of soil. We have different methods
available. One such is the kriging. So, in geostatistics, what we do, we have, let us say,
over a region, over a mining, over a district, you have 10-15 locations where mining
activities is going on. And you have difference in terms of the topography, difference in
terms of the elevation, the aspect slope and all these things.

Ordinary Kriging (OK) and Universal Kriging (UK) to Map Soil Properties |
[ £c = Blectricat Conductivity
| OC = Organic Carben
| N = Availatie Nitrogen
P - Available Photphorus
oo dtnrsrasincd
Key Benefits:
* Identifies hotspots
of contamination
* Alds resource
management and
ensures soll

A i Jfoduulvky

(0) pH and EC (b) OC and N
Soll spatial variability of chemical properties by OK and UK (Source: Bangroo et al., 2023)

And then we have the location of different mining areas where all these pollutions are
happening or the contamination is happening. So we have some information about the soil,



the water in terms of the location. So if we have 10, 15, 20 based on the heterogeneity, we
have the option of extrapolating these data points to come out with a spatial spread map
representation. So here we have shown the difference in terms of the two types of kriging.
One is ordinary, another is universal kriging.

abbreviated as OK and UK as far as a few soil properties is concerned. So, we have shown
here the pH property, the organic carbon property, the electrical conductivity property and
the soil available nitrogen property. So based on this we can very well see that both the
using the two different techniques ordinary and universal they are giving different type of
interpolation. So it depends on what kind of algorithm they are using. and how much it is
acceptable to us, it depends again to us, that needs to be validated based on our data sets
coming from other sources.

So, the key benefits in terms of extrapolating geostatistically this kind of point information
to a spatial map are that we can very well identify the hotspots of contamination. And this
kind of extrapolation using geostatistics helps in resource management, and that is how it
ensures soil productivity and maintains the soil's naturalness. Application in terms of
detecting specific contaminants. So, as far as the AMD is concerned, the characteristic
formulation of sulfuric acid is due to the oxidation of sulfide minerals. This can be detected
using the color indices from satellite imagery to identify, let us say, red or yellow iron
oxide deposits.

Applications in Detecting Specific Contaminants

| Acid Mine Drainage (AMD)
* Characteristics: Formation of Sulfuric Acid Due to the Oxidation of Sulfide Minerals
¢ Datection:
[ + Color Indices From Satellite Imagery to identify Red and Yellow Iron Oxide
Deposits
*  Turbidity Mapping in Water Bodies

Heavy Metals In Soll
* Techniques:
* Spectral Unmixing to Differentiate Soil Types and Contamination Levels
* Combining Remote Sensing With Laboratory Calibration for Arsenic, Lead, and
Mercury Cyanide and Chemical Spills

[ Monitoring Techniques
} * Detecting Sudden Changes in Water Reflectance or Tamperature From Spills
*  Time-series Data to Analyze Spill Spread
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So, this color variation, as far as the red and iron oxide deposits are concerned, can be very
well done using relevant satellite bands or the indices that are generated using them. And
also, the turbidity mapping. Once the turbidity level of the water bodies is affected because
of contamination, that can be very well mapped because higher turbidity means higher
reflectance. No turbidity—clear water has less reflectance, which means more absorption.



So, keeping that in mind, that rule or rule of reflectance, as far as water is concerned, we
can very well map the turbidity percentage, the turbidity content as far as the water bodies
are concerned.

The heavy metals in soil—yes, we have a few techniques such as spectral mixing and
unmixing. So, soil types and contamination based on the various contamination levels, we
can very well play the trick of mixing and unmixing; we can apply the mixing and unmixing
algorithm. Let us say we have different variations in terms of the metal iron oxide. And if
you have 10%, 20%, 30% kind of variation in terms of deposition or contamination. And
then, other variations can be very well studied, very well modeled, and very well
discriminated using spectral unmixing algorithms.

And this information combines with remote sensing and laboratory-based calibration. So
we have lab-based calibration in terms of spectral absorption and spectral reflectance,
indicating the percentage of that particular heavy metal present in the soil. So we have a
control as far as the lab data is concerned. So once that is calibrated with the environmental
properties and the materials present in the environment, as far as water or soil is concerned,
that will give more information regarding the spill or contaminant detection. So, the
monitoring techniques detect certain changes in water reflectance and temperature from
the spills.

Yes, if the change—if you see on day one there is clear water, and on day two there is a
difference in the reflectance due to contamination or variation in temperature—that can be
very well detected using geopharmacy technology. And if we do it in terms of a time series,
then we can very well analyze the spread, the rate, and the rate of change in terms of
contamination. And high-risk areas, identification, and the contamination spread. So as far
as the risk is concerned, yes, we can do some kind of proximity analysis around the mining
sites that helps us assess regions near the open-pit mines, the tailings, and the processing
units. Even the hydrological pathways—the water bodies, drainage channels, drainage
orders, surface runoff, and groundwater—the contamination across these sectors can be
very well evaluated in terms of the risk factor involved.



Geospatial Assessments for High-Risk Areas and Contamination
Spread

Risk Mapping
Components:
+  Proximity to Mining Sites: Assessment of regions near open-pit mines, tailings, and
processing units
*  Hydrological Pathways: Evaluating the risk of contamination reaching water bodies via
surface runoff or groundwater
* Topographic Factors: Slope analysis to predict contaminant flow
Tools:
* GIS overlay analysis with contamination indices
* Hotspot mapping using kernel density estimation
* Analytic Hierarchy Process (ANP) is a multi-criteria decision-making (MCDM) method that
can be effectively used for geospatial assessments of high-risk areas and contamination
spread in mining sites
Vulnerability Analysis
* Population Exposure: identifying communities at risk based on contamination zones
* Biodiversity Impact: Mapping sensitive ecological zones near mining operations

And the topography can also be taken into consideration as far as the contamination flow
is concerned because it will always follow a gradient; it will flow along a gradient. So, the
risk mapping considers the proximity analysis, the hydrological pathway, and the
topographic factor as far as the spread or the spill of the contaminants is concerned. So the
tools—we have the tools in terms of GIS overlay analysis as far as the contamination
indices are concerned. And as far as the hotspot mapping is concerned, we put everything
together and come out with a multi-criteria decision-making process, such as using AHP,
the Analytic Hierarchical Process. And then we weigh or assign some kind of weight to
different variabilities under different conditions and situations.

And that is how we identify the high-risk areas or low-risk areas in terms of contamination
risks. The spread in mining sites is concerning, so the vulnerability analysis in terms of
population exposure, biodiversity impact, and all these factors can be studied. The
identification of communities at risk can be examined, and the mapping of ecologically
sensitive zones, as far as contamination is concerned around or due to mining operations,
can be thoroughly studied. Additionally, the vulnerability factors can be analyzed using the
AHP (Analytical Hierarchical Process). We know that we use this AHP to assign weights,
analyze the situation, and accordingly provide weightage. To define and identify vulnerable
areas to contamination or high-risk zones from mining activities, we then select the criteria.
The criteria could include proximity to water, soil types, heavy metal concentration, and
topographical factors like slope, aspect, and variation, as far as land use categories are
concerned.



AHP for Geospatial Assessments

Select Criteria:
Define Objective Include Factors Like
Identify Areas Proximity to Water,
Vulnerable to Soil Type, Heavy |
Contamination or Metal \
High Risk from Concentrations,
Mining Activities Slope, and Land
Use

Pairwise Comparison
Use AHP to Compare
Criteria, Assign Weights
(e.g., Importance of
Proximity to Water Vs,
Contamination Level),
and Ensure Consistency

Integrate With GIS.
Map Criteria as
Geospatial Layers,
L1 Normalize Values, and
Apply AHP Weights

Generate Risk Map:
Combine Layers to
Identify High-risk Zones
and Categorize Areas
(e.g., Low, Medium, High
Risk)

Using Weighted Overlay
Analysis

Using pairwise comparisons, we apply the Analytical Hierarchical Process to compare
criteria. We assign weights based on the importance of proximity to water versus
contamination levels and ensure consistency. Then, we generate the risk map in terms of
low, medium, and high risk by combining the different information layers, which helps us
identify high-risk zones in terms of maps. Furthermore, when integrated with GIS using
different geospatial layers, it provides inputs and information to develop various
management protocols or activities to address problems with different risk vulnerabilities.
One such study I reference here is GIS modeling potential for abandoned uranium mine
contamination on the Navajo Nation in the USA. On the left-hand side, you can see the
input layers in terms of proximity to roads, drainage, landforms, NDVI, TWE
(Topographical Wind Exposure), Wind Index, and water, particularly the groundwater
factor.

GIS Modeling Pomnnal for Abandoned Uranium Mine Contamination on the
Input Critaria Layers Navajo Nation, USA Weighted Uinear Combination

i

-~ -
" 5 .
T;-” -
N" @:ﬂj —_— g
Fuzzy Membership Functions —_—
@ @ wa, FuszyMS Larger | smvnlluny A.n.nlyu.l .

Pl
Cortarwann

Criteria Weighting _

These factors have been considered because they have a bearing and are linked in terms of
the modeling potential calculation. The criteria have been discussed, and fuzzy
membership functions have been assigned. Then, based on the weighted linear



combination, the potential abandoned uranium mine contamination areas could be
identified. This work was done by Lin et al. and published in 2020.

So, mapping and modeling of contamination for identifying the hotspot. So, geospatial
geostatistical interpolation the pollutant transport modeling this is very important because
we need to understand that which direction the pollutant will be transported will move will
flow. So, the movement to predict the movement of the contaminants through water runoff
or leaching or you say the air is very very important. So, and then we also discuss about
the sediment yield estimation. heavy metal monitoring and organic and radioactive
contamination.
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Mapping and Modeling of Contamination for Identifying Hotspots

Geostatistical Spatial

Pollutant Transport Sediment Yield

Interpolation

Modeling
Utilizes Hydrological Analysis
(e.g., Digital Elevation Models)
to Predict the Movement of

Estimation

1
Used For Mapping Heavy
Metals, Identitying Natural and |
Anthropogenic Sources, and
Assessing Ecological Risk

GiS-based Models like RUSLE
Help Quantify Soll Erosion
and Sediment Transport in

Contaminants Through Water Bl Araaa

Runoff or Leaching

Organic and Radioactive

Contamination

Combines Remote Sensing with
Chemical and Gamma-ray
P y for the
of Hydrocarbons and
Radioactive Materials in Soils

| Hotspots and Distribution
Patterns, Incorporating Indices

| like the Geo-accumulation
Index {Igeo) and Pollution Load

Index (PLI)

~~~~~

So, this organic and radioactive contamination combines the remote sensing with chemical
and gamma ray spectrometry for the detection of hydrocarbons and radioactive materials
in soils whereas the heavy metal monitoring uses the geospatial technology in assessing
the hotspots and the distribution patterns incorporating indices like geoaccumulation index
Igeo and pollution load index such as PLI. A case study coming that estimates the foliar
dust concentration in an iron ore mining areas given by Kayet et al. published in 2019. So
in Kiriburu and Meghahatuburu iron ore mines in Saranda forest in West Singhbhum
district of Jharkhand this particular study has been taken.



Case Study: Estimate Foliar Dust Concentration In An Iron Ore Mining Area

Study Area RESULTS
Kiriburu and Meghahatuburu iron ore mines, Saranda Vegetation Meaith and Dust Distribution
Forest, West Singhbhum District, Iharkhand, India, S reduced ¢ nfrared reflect

Materials and Methods * Hype based NOVI achieved hi
*  Remote Sensing Data: Landsat 5/TM { and low RMSE (0,06
ndsat 8/ 18) (mult

16) (hyperspectral) 1

. Spatial Analysis
*  Fleld Data: Leal spectra P——

ple mapping
s Lab Experiments: Dust weight (g/m’) from cleaned

o Pre-Processing: Ra

o Vegetation Indices (Vis): Tested 8 Vis (e.g., N
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So the Kayet et al have used the remote sensing data from Landsat 5 TM and Landsat 8, so
2005 and 2016. And then also used some hyperspectral data coming from EO1 Hyperion,
2005-2016. And some field information was done using the leaf spectra vis-a-vis using the
spectroradiometer. And the dust accumulation was detected using the PC particle counter
and the GPS was used to collect the location of the sampling or the point where it has been
collected. And the sample was also utilized for the PCE based particle dust accumulation
calculation.

And then in the lab, the dust weights were collected. So the leaves having the dust
accumulation were cleaned and they were then taken the weight. So, based on this they
have found or derived a kind of spectral analysis of dust vegetation index. So, in an
environment or in a situation where the leaf is covered with different concentration of or
different quantities of dust in comparison to a leaf having no dust deposition. So, that kind
of correlation has been derived and also some vegetation indices was used in terms of
deriving the correlation and also the accuracy assessment has been done using the error
matrix.

And the results, the vegetation health and DOS distribution could be found out. So, the
DOS reduced, what happens? If the leaf having dust deposition, it will reduce the NIR
reflectance at the cost of increase in the red reflectance. So in comparison to a clean leaf
which is having no dust deposition, The leaf which is having dust deposition will differ in
the spectral behavior in terms of loss of reflectance in NIR part of the electromagnetic
spectrum and increase in the reflectance in the red part of the electromagnetic spectrum.

So, this can be very well studied in comparison to a dust free canopy environment and the
spatial analysis could be done and then the distance from mining mine and transport
activity has been calculated in terms of buffer and a kind of inversely proportional



relationship has been established as whether the dust level deposition and the activities. So,
this kind of study using geo-information helps in estimating the foliar dust deposition
around the mining areas. Then another case study done by another study done by Piankov
et al published in 2021 in Kaizhel coal basin on acid mine drainage. So, what they have
done they have used the satellite data particularly Sentinel-2 data and the hydrochemical
monitoring data and also use the precipitation and hydrological data. and came out with an
index called AMWI, that is Acid Mine Water Index.
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Case Study: Monitoring Acid Mine Drainage’s Effects on Surface
Water in the Kizel Coal Basin

METHODOLOGY KEY FINDINGS

Data Sources Contamination Trends
*  Seasonal M

*  Sentinel-2 satellite imag evel 1C)
*  Hydrochemical Monitoring Data: / o Impact of K

«  Precipitation and Hydrolo

AMD Monitoring
Analysis *  AMWI Correlation: Significant at  of
o AMWI was cakculated usi npling point
Red - Blue tat
AMWI =
Red + Blue

~~~~

So, the formula is red minus blue over red plus blue.

AMWI = Red — Blue

Red + BLue
So, this AMWI index helps in providing what you might call discrimination as far as acid
mine drainage is concerned. Both will have variations across the seasons. So, seasonal
maxima and the impact of rainfall. And also, during the dry summer, this AMD can be very
well studied using AMWI.

This index has shown a very good correlation, significant at 5 out of 7 sampling points. So,
using indices such as AMWI, the acid mine drainage effect can be studied around mining
activities. So, we have used these references for the discussion. We conclude that remote
sensing tools like multispectral, hyperspectral, and thermal have a definite role to play. GIS
helps in integrating the data, both spatial and non-spatial. And geostatistical tools such as
Kriging-based interpolation and multi-criteria decision-making, such as AHP, help in
extrapolating the information, the data point data, and also in modeling some of the
vulnerability and risk scenarios.
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* Remote sensing tools like multispectral, hyperspectral, and thermal imaging effectively detect
pollutants such as heavy metals, acid mine drainage (AMD), and organic contaminants while
assessing water and soll quality.

* GIS enhances contamination mapping by integrating spatial data with environmental,
topographical, and hydrological layers to identify hotspots, predict pollutant pathways, and
assess ecological risks
A ds like g ical inter ion (e.g., kriging) and AHP-based multi-criteria
decision-making enable precise risk ing, helping priori iation efforts and ensure
sustainable practices.

* Temporal analysis supports monitoring contamination trends over time, ensuring proactive

and adaptive environmental management
* These i d app help minimi.
human health, and pr inable d

d protect y and
in mining regions.

And continuous or temporal monitoring helps in identifying trends, thereby enabling
proactive environmental management. So, these integrated approaches of geoinformation
help in minimizing environmental damage, protecting ecosystems and human health, and
thereby promoting sustainable development. So, friends, mining contamination in the
mining industry is definitely benefited by using geoinformation tools for mapping,
identification, analysis, and modeling studies. Thank you very much.



