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SPATIAL DATA AND TECHNOLOGIES FOR

GEOMONITORING OF LAND USE UNDER ASPECT

OF MINERAL RESOURCE SECTOR DEVELOPMENT

Introduction

As is known, a comprehen-
sive assessment of the level
of environmental violations is
based on visual and quantita-
tive data, and dynamic model-
ling through an indicator of the
severity of environmental situa-
tions, when a satisfactory situ-
ation, the performance charac-
teristics of the natural potential
of the territory is not violated,
a conflict situation is charac-
terized by low space and time
changes in landscapes, includ-
ing their areas and resources
reproducing properties, that
is, the ability to recover in the

The main efforts of modern geoecology focus on various aspects of monitoring the state of the natural
environment within the sphere of anthropogenic impacts on raw materials complexes and on determining the irre-
versible level of adverse impacts and consequences of natural disasters in the absence of effective tools and systems
Jfor early forecasting and detection of hazards and environmental risks (erosion, oil spills, oil and gas leaks and
contamination of surface and groundwater, landslides, collapses, subsidence, mining, fire, among others). As a
result, even with the highest methodological and technical level of modern research, there remains trivial conclu-
sion on the need to protect nature. This leaves open the main question of effective methods of nature protection
and the necessary changes in technologies and methods of data management.

The improvement of the methodological basis for the design of mining systems to achieve integrated develop-
ment of subsoil is aimed at advancing the innovative energy and resource-saving geotechnologies, which ensure
the required efficiency and safety of work, including early detection of potential hazards and risks. In this study,
an integrated approach to the processing of remotely sensed data is being developed, which is envisaged to share
the results of the measurements obtained in Russia and Kenya by various satellite-based technologies in both
optical and radar bands.

Keywords: mining industry, digital technologies, geoecology, geomonitoring, spatial data, geotechnology,
subsoil use technologies, satellite images and aerial photographs, satellite data.
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process of self-regulation or environmental measures, in a
tense situation, there is a degradation of certain components
of landscapes or natural resources, which in some cases
leads to a deterioration of living conditions of the population.
In turn, the critical situation is observed with more signifi-
cant and poorly compensated environmental violations, the
threat of depletion of natural resources, a steady increase in
the number of diseases of the population due to the dete-
rioration of living conditions, and the crisis environmental
situation is already identified by very significant and almost
non-compensable changes in the natural environment; the
replacement of natural ecosystems with low-productive sec-
ondary systems; resource depletion and sharp deterioration
of public health, requiring urgent measures. Finally, a cata-
strophic environmental situation means the irreversibility of
changes in nature, the loss of natural resources, the threat
to human life, the loss of the gene pool and unique natural
objects. It can develop gradually, with increasing changes in
nature as a result of multiple exceeds of the permissible limits
of anthropogenic risks, or occur suddenly, in a major man-
made accident or natural disaster of a destructive scale. The
actual spatial localization of environmental problems and the
overall assessment of their severity allows us to speak about
the global scale of the developing environmental crisis — the
solution of modern environmental problems requires joint
efforts of all countries, members of the world community, the
development of complex systems and tools for collecting and
processing multi-format data to monitor the prerequisites of
negative phenomena.

For example, in 1986, a joint scientific project between
the USSR and Germany was implemented to organize satel-
lite geomonitoring by means of multispectral video collec-
tion for the analysis of soil cover and lithosphere layer struc-
ture on the basis of photographic data of vegetation cover
taking into account the dynamics of changes. Widespread
use of satellite radar data began in 1991 with the launch of
the ERS-1 satellite (European Space Agency) with a radar
on board. The initial goal of launching this first civilian satel-
lite radar of medium spatial resolution (20 m) was defined
rather narrowly and was limited to maritime applications
(monitoring of ice conditions, icebergs, shipping, currents,
oil spills, etc.).

However, after the satellite has passed several full cycles
of orbit repetition, it turned out that in addition to marine
applications, this radar has a great potential for performing
various tasks on land. The use of satellite images in conjunc-
tion with ground-based observations of natural-territorial
complexes opens new opportunities for ecological research,
allowing for environmental monitoring with the identification
of its changes in time, to determine the nature of the pollution
distribution under the influence of industrial objects on vast
territories and map in different ecological situations between
objects [1-9]. Combining technologies allows for gains over
separate processing by increasing the amount of information
received and the ability to obtain data.

Modern development strategies
and geomonitoring tools

Remote sensing is also becoming increasingly impor-
tant in mining and environmental research, thanks to a wide
range of rapidly evolving technologies and techniques that
generate big data in less time. Photogrammetry, GNSS,

radar and a set of on-board scanning and monitoring sen-
sors act as key systems, methods and tools. Mini, nano and
microsatellites are among the modern Earth observation
networks that are attracting increasing interest in the global
community aimed at obtaining accurate spatial data to sup-
port integrated geospatial processes and sustainable solu-
tions [10-15].

Advances in artificial intelligence and machine learning
algorithms increase opportunities to study complex mining
and environmental data and model scenarios to determine
optimal options. In particular, this study is based on a model
of Kenya ‘s recent case study on integrating geospatial mod-
elling into systems dynamics. It examines and assesses the
capabilities of mini and micro satellites to scale up and auto-
mate the results of optimal planning and monitoring of min-
ing operations, subsoil use infrastructure and other spatial
facilities.

Traditional geodetic and cartographic methods are too
limited in spatial scale and temporal resolution to correspond
to rapid spatial and temporal changes in the relationship
between mining, the environment, and society. Therefore,
new approaches and research innovations are needed that
can provide high spatial and temporal resolution for geovisual
and geomonitoring. For efficient and integrated monitoring
of mining conditions, recommended new techniques should
combine hybrid data from several sources, which are mainly
derived from ground survey and remote sensing techniques.
As global demand for minerals grows, so do global environ-
mental concerns and risks associated with unsafe and unregu-
lated mining. Recent trends indicate a rapid increase in min-
eral and metal consumption with increased industrialization.
This was reflected in a significant 162% increase in iron and
ferroalloy metal production between 2000 and 2016 (Reichl,
Schatz & Zsak, 2018).

The subsoil is impacted adversely by the human activi-
ties carried out to meet the demands of civilization. Visuali-
sation of precise and updated geodata on the environment
is essential to making informed, inclusive, and timely deci-
sions for enhanced safety. This study draws relevant exam-
ples from Kenya and Russia. The two countries represent
different sociocultural, technological, economic, and demo-
graphic profiles. From Kenya, the paper presents a model for
simulating environmental changes across the mineral belt of
Taita Taveta as influenced by mining and other competing
land-use sectors. Examples from Russia shed light on the
challenges typical of the sociocultural, technological, eco-
nomic, and demographic settings different from the mainly
rural Kenyan situation.

Mining is a critical economic sector, but common in expe-
rience shows that unregulated mining activities conflict with,
and adversely impact on, agriculture, water resources, ecol-
ogy, and the social environment. Africa and Russia, both
large and highly populated areas, share in this experience as
well. The mining sector in Africa is young and rapidly growing,
with a high proportion of artisanal miners who form part of
the rapidly growing populations. Kenya’s coastal mineral belt
of Taita Taveta is typical of the competing mining and non-
mining drivers of environmental change in Africa, which inter-
act in complex ways across space over time with divergent
stakeholder interests [16-20].

Space images are the most important source of spatial
information. Recently, however, aerial photography from
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unmanned aerial vehicles, aerial and ground laser
scanning, mobile mapping systems and other
methods of obtaining spatial data have been
increasingly used. Earth observation satellites
trace their history to Russia, following the pioneer-
ing launch of Sputnik 1 on October 4, 1957. Soon
thereafter on January 31, 1958, NASA launched
Explorer 1, in the United States. In recent years,
earth observation and remote sensing satellites
have been advancing in the number and power of
mapping details for enhanced civilian applications.
The satellites conveniently provide all-weather and
wide coverage of geodata for decision support.
There is also a rising number of miniature satellites.
Doves by Planet Labs became the highest number
of miniature earth observation satellites in 2019
(Planet Labs Inc., 2019).

The digital data revolution has been felt in !,fim»;.‘ }} ,
: N . A S ST
Africa, too. The development priorities of the Afri- HLJ‘LJA ey N 4 /\?,.

can Union’s Agenda 2063 require quality data.
The Africa Regional Data Cube (ARDC) has been
supporting open data cube access to deliver a
continental-scale platform and programme which
democratises satellite data processing and analy-
sis. ARDC has inspired the Open Data Cube (ODC) initiative in
Africa for open-source technology and structured geospatial
data, mainly from time-series satellite imagery. The Digital
Earth Africa (DE Africa) initiative is working with the AfriGEO
community to process openly accessible and freely avail-
able data to produce decision-ready products in support of
Africa’s data-driven development needs (Digital Earth Africa,
2019). The provision of Analysis Ready Data (ARD) under DE
Africa removes the burden of pre-processing from users and
reduces the demand placed on computing resources.

Development of satellite observation systems
for subsoil infrastructure. Russian experience

Development of use and technologies of processing
and analysis of space survey data is defined by a number of
advantages as high speed of obtaining data after shooting
(not more than a day), ensuring periodicity of shooting due
to multiple grouping, large spatial coating, control of many
objects on the basis of objective and multifaceted data, scale
of shooting.

Mining industries require data from satellite navigation
systems and space surveys, taking into account the specif-
ics of technological process and infrastructure of coal mines,
quarries of non-ferrous metals, gold, diamonds, extrac-
tion and transportation of oil and gas resources, logging,
etc. Structural processing of big data and dynamic model-
ling ensures reduction of production costs for creation and
improvement of geotechnologies, growth of industrial safety
of mining infrastructure facilities, geoecological monitoring
of environment condition, detection of landscapes caused by
man-made and natural changes.

Figure 1 shows the results of combining a satellite image
and a digital model of the quarry, as well as the dynamics of the
development of subsidence processes for mining operations
at the quarry.

The most difficult process of forming information tech-
nologies using remote monitoring methods is the process
of decrypting space images. In order to obtain reliable

Fig. 1. Combining a satellite image and a digital model of a quarry.
Development of subsidence processes in mining operations

information, it is necessary to have data of related ground
observations recorded during remote monitoring. The per-
missible time deviation can be 2-3 years if during this period
there were no emissions into the atmosphere of burn concen-
trations of gases or salvo discharges into natural water bodies
of liquid wastes.

The essence of the related monitoring consists in the
control of natural and man-made objects in the territories of
mining complex activity made at an interval of 10-20 years.
By processing and analyzing space surveys, comparing
them with ground observations (Including panoramic photo-
graphs), itis also possible to identify with the help of a special
program the disturbed territories, with the subsequent quan-
titative assessment of their area, comparing the obtained val-
ues of the area in the selected time interval, then determine
the specific “increase” of the territory unresolved per unit of
produced products (I million tonnes of ore or concentrate or
metallurgical conversion product, etc.) [21-25].

A technique based on the integration of terrestrial obser-
vations and space scanning information has been used to
detect the hidden defoliation processes of coniferous for-
ests (different defoliation stages) associated with violation
of the soil nutrition regime. Under conditions of air industrial
contamination with acid-forming substances (sulphur com-
pounds), the acidity and absorption capacity of soils change,
that is, the natural mode of their nutrition is disturbed and, as
aresult, the defoliation process is developed.

This changes the reflective properties of the surface, which
can be fixed by the scanner in the infrared range, determining
the area of damage.

Features in the application of monitoring and
results of spatial data analysis in Kenya

The Kenyan study used a GIS database of 53 mine loca-
tions spread across Taita Taveta County and confirmed the
need for integrated dynamic models to enhance policy, plan-
ning and monitoring in the mining sector. Measuring approxi-
mately 17,000 km2 (KNBS, 2019), the region is rich in gem-
stones and industrial minerals.
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GIS proximity analysis — mines to nearest waters
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Fig. 2. GIS proximity analysis of how water bodies are close
to the 53 mines studied in Taita Taveta

Demographics and the following five land-use sectors
were identified as key components and important determi-
nants or drivers of change in the study area: mining, forests,
surface waters, agriculture, and the Tsavo national park tak-
ing up 60% of the spatial extent. Using a system dynamics
model, time-series spatial metrics were integrated with attri-
bute data on the sectors.

GIS data layers were created for the surface water bod-
ies, agroecological zones, mining hotspots, key centres,
transportation network, and critical zones. Sentinel 2 and
PlanetScope satellite images were used to study the patterns
of land-use changes with a particular focus on the mining
hotspots.

Based on the principles of system dynamics, STELLA, a
python-based dynamic simulation software application, was
used to develop a stock and flow simulation model combin-
ing the following six model sectors: 1) updatable area under
mining and exploration reserves; 2) updatable area under
agriculture; 3) updatable area under surface water bodies;
4) updatable area forests; 5) updatable area under wildlife
conservation zone/Tsavo National Park; 6) sector for simu-
lating demographic changes and their influence on water
demand and development spaces.

The following results have been extracted from the results
obtained in this study. The mining activities in the area are
mainly surface artisanal mining of gemstones and small-
scale mining. The mapping and GIS spatial analysis of unreg-
ulated extractive activities along Voi River, the main river
passing through the region’s most populated urban center of
Voi, established the risk posed by their close proximity to the
river, mostly within 35 meters of the riverbed [26-30]. Labo-
ratory tests further confirmed rapid changes in turbidity and
Total Dissolved Solids (TDS) closer to the mining and quar-
rying hotspots.

Overall, 53% out of the mines mapped in this study were
located less than 4 kilometers from adjacent water points,
as shown in Fig. 2. In Fig. 3, the satellite imagery from Sen-
tinel-2 on the area shows the pattern of land clearance and
developments around active mines at 10 m spatial resolu-
tion.

In Fig. 4, scenario simulation from 1979 - 2029 shows
simulated population growth (line-4) in Taita Taveta and
how it causes increasing annual water demand (line-5). The
simulated spatial extent of the mining space agrees closely

Fig. 3. Classified Sentinel 2 imagery on the study area, Taita
Taveta, Kenya. Land clearance visible around active mines
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Fig. 4. Simulated changes in the share of mining space,
population growth and water demand:

1 — simulated active mining area; 2 — active mining area; 3 —
Reclamation; 4 — County population; 5 — Annual water demand

with the active mining area (line-1 and line-2) as a confir-
mation of the reliability of the assumptions for simulation
scenarios.

Reclamation targets can also be monitored through this
model, and updates using spatial data are possible to inform
policy, planning and management for sustainable mining and
environment.

The model has a high level of adaptability, which allows
to update spatial data of time series to build various effec-
tive solutions in the field of mining planning and technology
selection. Model sectors can be updated by incorporating
time series data at spatial scales of different land use and
vegetation cover classes derived from multispectral and dif-
ferent time satellite imagery.

Conclusion

In order to monitor mineral development infrastructure
and prevent emergency situations, timely monitoring of
movements and deformations of the Earth ‘s surface and
structures is necessary using the method of interferometric
processing of a series of satellite radar images. This technol-
ogy allows to determine displacements and deformations of
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the Earth ‘s surface and structures with accuracy to several
millimeters. The use of satellite imagery for environmental
monitoring allows full one-time coverage of the entire area
of the production facility, and remote methods allow for envi-
ronmental assessment not only within individual observation
points, but also at any selected site. Digital relief models are
successfully used to monitor earthworks, calculate the vol-
ume of dumps and develop erosion processes in meliorated
quarries and dumps.

In the field of mining technologies, the idea of transform-
ing into a technosphere the principles that ensured the eco-
logical purity of the functioning of biological systems and
the creation of mining environmental technologies based
on them is promising. The emergence of biologically justi-
fied restrictions on the level of technological impact will give
focus and specificity to research on the creation of real geo-
technologies, the properties of which ensure unconditional
implementation of these restrictions and create a techno-
logical basis for ensuring the environmental safety of min-
ing of mineral resources in territories occupied by natural
biota of the Earth [31-35]. The development of systems for
the acquisition, processing and analysis of spatial data and
technologies makes it possible to develop reliable models
to support mining planning decisions and, in the future, to
obtain even more accurate forecasts taking into account the
prerequisites of negative phenomena and risk management
strategies.
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BIOCHEMICAL IMPACT OF THE TYRNYAUZ FIELD
DEVELOPMENT ON THE BAKSAN RIVER

In recent decades, heavy met-
als as environmental pollutants are
of increasing concern. Heavy met-
als are proved to be the main pol-

The influence of the Tyrnyauz tungsten-molybdenum plant on the water ecosystem of the Baksan River
is investigated. The anomalies cased by mining activities in groundwater and surface waters, in suspended
matter and in bottom sediments in long sections of the river valley are revealed. The relationship between the
protein in bottom sediments and the concentrations of some heavy metals is determined and explained.

lutants of the atmosphere, ground-
water and surface water, soil cover,
etc. Unlike organic pollutants
decomposable in a varying degree,
heavy metals are incapable to dis-
integrate but only re-spread among different components of
water ecosystems—water, suspended solids, bottom sedi-
ments and biota, and, therefore, they should be considered
as constantly present in ecosystems [1]. Increasing concen-
trations of heavy metals in various natural objects is detri-
mental to the living world, therefore, identifying sources of
pollution, their distribution, developing methods to combat
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pollution seems to be a very urgent task both in general and
for specific regions where these processes have their own
specifics.

In this regard, the topic of choosing the most informative
indicators in assessing the extent of technogenesis is also
relevant. There is a need to study the geochemical condi-
tions of migration of pollutants and their role in the functioning
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