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MONITORING

Abstract . The article is devoted to the study of the possibilities of using geographic information systems
(GIS) for monitoring the state of groundwater, which is important for ensuring environmental safety and
sustainable management of water resources. Groundwater is an important source of fresh water for the
population, industry and agriculture, but it is vulnerable to various pollutions caused by both natural and
anthropogenic factors. Therefore, the implementation of reliable monitoring systems that allow timely detection,
assessment and forecasting of changes in water quality is necessary to prevent the deterioration of the ecological
situation and prevent the spread of pollution.

Geographic information systems (GIS ) offer significant opportunities for the collection and integration of
large volumes of spatial data, including satellite images, remote sensing results, automated sensor data, and field
observations. GIS allow creating multi-layered maps reflecting the ecological state of underground aquifers,
modeling pollution processes and predicting their possible impact on nearby ecosystems and water sources.
Thanks to the use of GIS, it is possible to combine data from different sources in a single interactive system, which
simplifies analysis and provides the ability to quickly respond to any detected deviations.

The article examines in detail the key methods used within GIS for groundwater monitoring, including
satellite sounding to analyze changes in the earth's surface, spectral indices to assess the state of vegetation and
soil salinity, and radar methods to determine soil electrical conductivity. Particular attention is paid to the
application of three-dimensional modeling, which allows visualization of the spread of pollution in underground
aquifers, which facilitates decision-making regarding the optimal location of monitoring stations and the design
of protective structures. In combination with automated sensors recording water parameters in real time, GIS
provides continuous monitoring of the physico-chemical indicators of groundwater and allows for prompt
assessment of their condition.

The article also analyzes the possibilities of using predictive modeling in GIS to assess the further spread
of pollution and develop environmental risk management measures. It is described how mathematical models in
GIS can help predict the impact of anthropogenic and natural factors on groundwater, which ensures the
development of scientifically based solutions to reduce pollution and maintain water quality at a safe level. The
implementation of GIS in groundwater monitoring is an important step towards increasing the efficiency of water
resources management, ensuring their protection from pollution and preserving the ecological stability of the
regions.

Keywords: geoinformation systems, groundwater monitoring, environmental safety, satellite sounding,
automated sensors, three-dimensional modeling, predictive modeling, water resources management, aquifer
pollution.

Introduction . Groundwater monitoring is a key element for ensuring ecological stability and sustainable
management of water resources, especially in regions with increased anthropogenic activity. In industrial and
mining areas where the level of contamination can change rapidly due to leaks, increased mineralization or
contamination with toxic substances, groundwater monitoring is critically important. Thus, on the territory of the
Dombrovsky quarry, the accumulation of brines creates an ecological threat to aquifers, which emphasizes the
need for highly accurate and integrated systems for monitoring the state of groundwater.

Geographic Information Systems (GIS) provide an integrated approach to groundwater monitoring by
providing the ability to collect, store, analyze and visualize a variety of environmental data from a variety of
sources. The use of these systems allows detecting changes in the state of groundwater, assessing the degree of
contamination, predicting the dynamics of contamination, and creating models that reflect the interaction between
contaminated zones and aquifers. GIS programs , such as ArcGIS and QGIS, are capable of processing large
volumes of spatial data, which allows you to quickly obtain information about the state of aquifers and make
effective management decisions to protect water resources.

The application of GIS includes the use of satellite sounding, remote sensing data, and spectral indicators
that allow us to assess the state of surface and groundwater in large areas. An important aspect is the creation and
analysis of thematic maps, which provide a reliable representation of the ecological situation. For example, maps
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that display the salinity level or the chemical composition of groundwater help to investigate areas with increased
levels of pollution and develop measures to minimize their impact on the ecosystem.

Modern geoinformation systems also support the creation of three-dimensional models of aquifers, which
allows you to explore not only the plane, but also the deep aspects. Such 3D models make it possible to estimate
the depth of the contaminated layers, adjust the optimal points for installing monitoring stations, and more
accurately predict the movement of contaminants in aquifers. The use of mathematical models ensures the creation
of forecasts regarding the further spread of pollution under the influence of natural and man-made factors, which
is a case for timely use of measures to prevent environmental damage.

Thus, the implementation of a geo-information system for groundwater monitoring not only ensures the
accuracy and efficiency of obtaining environmental information, but also contributes to more effective
management of natural resources. GIS technologies are a tool for specialists in the field of ecology and water
resources, which should ensure long-term environmental security of regions with a high risk of groundwater
pollution.

Purpose and task. The purpose of the research is to provide effective monitoring of the state of
groundwater using geoinformation systems for timely detection and forecasting of pollution. The task of the work
is the study of GIS methods that contribute to the detection, analysis and visualization of groundwater data, as well
as the assessment of their application for building models and making decisions in the field of water resources
protection.

Presentation of the main research material. Today, geographic information systems (GIS) are one of the
most effective tools for monitoring the ecological state of groundwater. Thanks to these systems, it is possible to
integrate and analyze data from various sources, visualize the dynamics of changes and predict possible scenarios
of the spread of pollution in aquifers. It allows you to create multi-layered maps and models that help assess the
state of groundwater and the interaction between various environmental factors that affect their quality and
quantity.

Geographic information systems (GIS) are indispensable in groundwater monitoring due to their ability to
integrate, analyze and visualize large volumes of data that cover the physical and chemical characteristics of
groundwater, the ecological status of regions, the level of damage, and spatial and temporal changes in ecosystems.
The use of GIS contributes to greater accuracy, efficiency and systematic environmental control, providing the
possibility of making informed decisions for the protection of water resources [1] .

First, there is the possibility of collecting and processing large volumes of data from various sources, such
as satellite images, sensors, field studies and automated monitoring stations. This data may include information on
salinity levels, concentrations of toxic substances, water conductivity, temperature, and other parameters that affect
groundwater quality. The integration of such data into a single system makes it possible to maintain a
comprehensive picture of the state of waters in the selected territory. The use of satellite images allows monitoring
of large areas and surface changes that may affect aquifers, such as landslides, changes in vegetation or aquifers,
which are the result of both natural and anthropogenic factors.

In addition, GIS contribute to the identification of regularities and the analysis of spatial and temporal
dynamics of pollution. The use of spatio-temporal data allows creating maps and models that reflect the dynamics
of changes in groundwater at different time stages. This is especially important for monitoring areas with a high
level of anthropogenic influence, such as industrial or mining areas. Regular monitoring of pollutant concentrations
makes it possible to accidentally detect anomalous increases in pollution levels, which may indicate leaks or other
sources of pollution, and to ensure a rapid response to environmental threats.

There is a huge potential for predictive modeling, which allows predicting how the state of groundwater
will change under the influence of natural or man-made factors [2] . Predictive modeling can be used to assess
different scenarios, for example, the deterioration of the ecological situation due to increased precipitation,
changing climatic conditions or the expansion of industrial production. Based on such forecasts, experts can
develop measures to prevent further deterioration of water quality, such as the construction of drainage systems,
the creation of protective barriers or the installation of monitoring stations at key points .

Three-dimensional modeling, which is supported by GIS, allows visualization of the distribution of
pollutants not only in the horizontal but also in the vertical dimension, providing a more detailed understanding of
distribution at different depths. This makes it possible to determine the depth of the contaminated layers and their
connection with fresh water horizons. This approach is especially valuable in regions with complex geological
conditions, where surface and underground distribution can be significantly different [3] .

It is possible to analyze the interrelationships of environmental factors, such as climatic conditions, the
intensity of industrial production, the condition of the soil and vegetation, the degree of anthropogenic load on the
territory. Such a comprehensive approach will make it possible to determine the main causes of pollution and
develop effective measures to reduce them. They also provide an opportunity to quickly respond to environmental
threats. Data from satellites, sensors, and field studies can quickly track abnormal changes, such as rising salinity
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levels in a given area, that may indicate expanding water salinization. These systems can quickly analyze data,
assess their impact on the environment and decide on preventive measures, such as installing temporary barriers
or diverting water to prevent further impacts.

The use of modern approaches makes it possible to develop long-term environmental programs that take
into account the peculiarities of a certain region, the dynamics of disturbance and environmental risks. On the basis
of the obtained data, it is possible to plan measures to prevent pollution for many years ahead, such as the
construction of protective structures, the implementation of water purification and desalination methods, and the
installation of drainage systems to maintain water quality at a stable level [4] .

GIS also facilitate an interdisciplinary approach and collaboration between higher scientific, public, and
private institutions involved in groundwater monitoring. The use of a single platform allows different organizations
to exchange data and coordinate their actions, which is especially important for large environmental projects that
require the involvement of significant resources and specialists from various fields.

Information capabilities are widely used for training specialists in the field of ecology, hydrogeology and
groundwater monitoring. Real data from various projects help to practically apply monitoring methods, improve
skills in working with spatial data, and obtain up-to-date knowledge about predictive modeling and systematic
management of natural resources [5] .

Analyzing the data of the Dombrovsky quarry from the GIS system for 2015 (Fig. 1) and 2024 (Fig. 2), we
can conclude about a significant increase in brines, marked in black in the photo as zones with high salinity. In the
image for 2024, the amount black areas are much larger, indicating a high level of salinity [6] . This indicates an
increase in the concentration of salts in underground and surface waters of the quarry.

Figure 1 — Snapshot (2015) from Sentinel Hub Figure 2 — Snapshot (2024) from Sentinel Hub

Such a series of salinity levels is a serious signal of the aggravation of the problem of salinization of water
resources in the region. The spread of brines can lead to ecosystem degradation, as high salt concentrations
negatively affect vegetation and soil, making the area unsuitable for many species of flora and fauna. In addition,
such changes can cause the migration of contaminated water into nearby aquifers, which threatens the quality of
drinking water for the surrounding areas.

Without the implementation of control measures and the construction of protective structures , the level of
salinity in the Dombrovsky quarry and adjacent aquifers will increase. This is due to several factors:

1. Cumulative nature of the process . Salinity tends to accumulate, reducing the salt level in water is a very
slow process. Accumulated salts will continue to accumulate in the lower horizons, seeping into the ground and
aquifer layers.

2. Infiltration of salts into adjacent horizons. Over time, saltwater can begin to seep into nearby aquifers,
increasing the extent and depth of contamination. This can cause water quality in the region to deteriorate, making
it unfit for consumption and threatening ecosystems.

3. Increasing the risk of fresh water pollution. Since the Dombrovsky quarry is located close to other water
bodies, there is a risk that, through capillary or underground processes, brines may penetrate into fresh water
sources, which are connected for economic and drinking needs [7].

Based on the trends observed in the 2015 and 2024 images, it can be predicted that the area of saline areas
will increase by 15-20% by 2030 if no protective measures are taken. This forecast is based on an analysis of
current salinization dynamics and the maintenance of current infection rates.

In the longer term, without effective control, the salinization of aquifers can lead to serious environmental
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consequences for the region:

1. Extension of sounding. Brines can penetrate aquifers that are currently completely protected. This will
lead to a significant expansion of the zone with high salinity, which will make the area unsuitable for economic
and agricultural use.

2. Negative impact on local ecosystems. An increase in soil and water salinity will negatively affect the
state of local ecosystems, including degradation of vegetation and changes in biodiversity. Many plants and
animals are unable to withstand high levels of salinity, which will lead to a decrease in the number and types of
biodiversity depletion.

3. Risk of environmental disaster. If the salinization process is not stopped or isolated, the penetration of
brines into aquifers of regional or global importance is possible. This will threaten not only local water sources,
but may also have greater consequences for the adjacent regions of Ukraine and neighboring countries, such as
Moldova, especially in conditions of a possible expansion of production works [8] .

GIS data play an extremely important role in the process of monitoring and minimizing the risks of
groundwater salinization. Thanks to the ability to process and analyze a large amount of spatial data, GIS allows
specialists to create interactive maps, predictive models and monitoring systems that help to quickly monitor
changes in the state of aquifers and respond to some threats.

The main ways of using GIS to minimize the risks of salinity are as follows.

1. Constant monitoring and periodic detection of changes.

GIS provides the possibility of regular monitoring of the state of groundwater and allows recording changes
in salinity, levels of damage and other physicochemical parameters. The use of satellite images, automated sensors
and ground observations allows for constant storage of updated data, which significantly increases the accuracy of
assessing the current state of aquifers.

For example, with the help of regular analysis of GIS data, it is possible to detect the tendency of increasing
salinity in a certain area in time. This allows for prompt decision-making, for example, regarding the installation
of additional drainage systems to avoid the further spread of brines.

2. Use of 3D modeling to assess the spread of pollution.

Three-dimensional modeling in GIS is a powerful tool for studying the dynamics of the spread of pollutants
in groundwater. With the help of 3D models, it is possible to visualize not only the horizontal, but also the vertical
movement of brines, which clearly assesses the depth of their penetration and the impact on deep aquifers.

For example, in the case of the Dombrovskyi quarry, 3D modeling can be used to determine the places of
the greatest accumulation of brines in deeper horizons, which allows obtaining risk points for fresh water. Thanks
to such modeling, specialists can develop more effective strategies to stop or slow down the seepage of salts, in
particular, to determine the optimal places for the construction of protective barriers.

3. Predictive modeling.

Using GIS mathematical models, it is possible to predict how the level of groundwater salinity will change
in the future, depending on factors such as rainfall, temperature fluctuations, geological conditions and other
factors.

For example, if forecast modeling shows that precipitation is expected to increase in the near future, this
could contribute to further spread of brines. In such a case, based on the forecast, risk reduction measures such as
expansion of the drainage system or strengthening of existing barriers can be planned in advance.

4. Optimizing the location of monitoring stations.

GIS data help to optimize the location of monitoring stations, which allows for more accurate control of
the state of groundwater in different parts of the territory. Thanks to the analysis of thematic maps and 3D
modeling, it is possible to determine the place with the highest concentration of pollution, where the installation
of monitoring stations is most appropriate.

Optimum location of stations reduces monitoring costs and provides more accurate data that can better
predict the spread of pollution.

5. Timely response to environmental threats.

Thanks to the data obtained from GIS, specialists can quickly respond to sudden changes in the state of
groundwater, for example, to a sharp increase in the level of salinity or the emergence of new polluted areas. Using
GIS, you can quickly analyze data, assess the impact of changes on the environment and make appropriate
decisions.

GIS also allows for the creation of long-term monitoring and management programs that take into account
environmental risks and allow planning activities for many years ahead. The use of historical data and models of
salinity dynamics additionally allows specialists to develop forecasts and plan measures to prevent environmental
disasters in the future.

Long-term planning based on GIS includes, for example, the construction of protective structures, the
creation of complex drainage systems, the implementation of cleaning and desalination methods that minimize
risks for the region and preserve water resources [9].
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Conclusion. The implementation of geographic information systems (GIS) in groundwater monitoring is
an extremely effective approach to ensuring environmental security and sustainable management of water
resources. Modern capabilities allow for the integration of huge amounts of data, including satellite images,
automated sensors and the results of field studies, into a single platform for comprehensive analysis of the state of
groundwater. The use of GIS provides not only efficiency and accuracy in data collection, but also creates a tool
for identifying dynamics and regularities in changes in water quality, especially in conditions of anthropogenic
influence.

One of the key achievements of GIS is the possibility of creating thematic and three-dimensional maps that
allow a deeper understanding of the spatial and temporal distribution of pollution in aquifers. Thanks to such maps,
experts can not only identify current "hot spots" of pollution, but also predict potential risks that may arise in the
future. For example, the use of 3D models helps to investigate how deeply polluted waters spread and to identify
areas that require additional protection measures.

Predictive GIS-based modeling is another extremely important aspect that allows for the development of
different scenarios for the development of the salinity situation. The inclusion of climatic and anthropogenic
factors in the calculations makes it possible to build forecasts that take into account possible changes in natural
conditions, such as an increase in the level of precipitation or changes in temperature, which can affect the salinity
of aquifers. Such forecasts are the basis for creating long-term risk management strategies, developing measures
to reduce the impact on ecosystems and ensure a stable state of groundwater.

Modern GIS also make it possible to create early warning systems that can detect changes in water
parameters in real time. Such a system provides the ability to immediately respond to sudden changes in the state
of groundwater, which is critical for preventing environmental disasters. This opens up prospects for more efficient
management of water resources, especially in regions with a high level of anthropogenic load, such as the
Dombrovsky quarry, where the risk of pollution is increased.

Using the example of Dombrovsky quarry monitoring for 2015 and 2024, it is possible to draw a conclusion
about the effectiveness of the GIS system in studying the dynamics of brines, which shows an increase in the
concentration of salts in the underground and surface waters of the quarry, which threatens the pollution of surface
and underground waters in the environment. Based on the trends observed in the 2015 and 2024 images, it can be
predicted that the area of saline areas will increase by 15-20% by 2030 if no protective measures are taken. The
application of 3D modeling can be used to determine the places of the greatest accumulation of brines in deeper
horizons, which allows to obtain points of risk for fresh water. Thanks to such modeling, it is possible to develop
more effective strategies to stop or slow down the seepage of salts, to determine the optimal places for the
construction of protective barriers.

Therefore, the implementation of GIS in groundwater monitoring is an important step on the way to
ecologically balanced development. Geoinformation systems provide specialists in the field of ecology,
hydrogeology and water resources management with an effective tool for analysis, forecasting and timely response
to environmental challenges. The development and improvement of GIS technologies allows to increase the level
of safety of water resources, providing a reliable basis for preserving ecological stability and protecting the quality
of groundwater in the long term.
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'HauionanbHuii TexHiunuii ynisepcurer Ykpainu

«KuiBchknmii nosritexniyanii incrutyT imeHi Iropst Cikopcbkoro»

BUKOPUCTAHHSA T'EOTH®OPMAIIIMHUX CUCTEM JJ11 MOHITOPUHI'Y
CTAHY HNIA3EMHUX BOJ

Cmamms nPUCesIYeHa BUSUEHHIO MONCIUGOCMel suKopucmanis eeoingopmayiinux cucmem (I'IC) ons
MOHIMOPUHZY CIMAHY NIO3EMHUX 600, WO MAE 8AXHCTUSE 3HAUEHHA ONA 3a0e3neuenHs eKono2iunoi 6e3nexu ma
CManoeo ynpasiinia 600HuMu pecypcamu. I1iozemui 00U € 8axciusum 0xcepeiom NPIicHOi 600U Ol HACeNeHHs,
NPOMUCIOBOCII MA  CITbCbKO20 20CNO0ApCmEa, OOHAK GOMU 6pA3IUGI 00 PIZHOMAHIMHUX 3a0pYOHEHb,
CHPUYUHEHUX SIK NPUPOOHUMU, MAK i anmponozennumu gaxmopamu. Tomy enposaddicenns HAOIHUX CUCEM
MOHImopuHzy, AKi 00360AI0Mb CEBOEYACHO GUABNAMU, OYIHIOBAMU MA NPOZHO3Y8AMU 3MIHU AKOCMI 600U, €
HeOOXIOHUM 071 3aN00ieaHHs NOCIPUWEHHIO eKO02IYHOI cumyayii ma 3ano0ieanHs NOUUPeHHIO 3a0pyOHeHHS.

Teoingpopmayinini cucmemu (I'IC) 6iokpusaromv 3HauHi Modcaugocmi Oas 30upanus ma inmezpayii
genUKuUx 00cA2i6 NPOCMOPosUX OAHUX, 30KpeMd CYNYMHUKOSUX 3HIMKIG, Ppe3Vibmamie OuCmanyiino2o
30HOYBAHHSA, OAHUX ABMOMAMUI0BAHUX CEHCOPI8 Ma NONbosux cnocmepedxcens. I1C 003601510mb cmeoplosamu
bazamowaposi kapmu, wo 8i000padtcaiomy exoI02i4HULl CTAH NIO3eMHUX 8000HOCHUX 20PU3OHINIE, MOOeTI08AMU
npoyecu 3a6pyOHEeHHs. [ NPOSHO3Y8AMU IX MONCIUGULL GIIIUS HA NPUJLE2Ti eKOCUCmeMU ma 0dxcepeia 600u. 3a80sKu
suxopucmannio I'IC moodicna noconygamu 0aui 3 piznux 0dicepen y COUHitl iHmepaKkmugtiltl CUCmeMmi, Wo Cnpouye
ananis i 3a6e3neyye ModICIUBICMb WUBUOKO20 pedsy8anis Ha OYOb-aKi 8UAGIEH] GIOXUIEHHSL.

Y ecmammi ooknaono pozensioaromuvcs kirouogi memoou, ski euxopucmosyromovcs 6 pamkax I'IC ons
MOHIMOPUHEY NIO3eMHUX 800, 30KpeMd CYNYMHUKO8e 30HOY8AHHS OJNd AHANI3Y 3MIH HA NOBEPXHI 3eMil,
CREeKmMpanbHi iHOeKcu OJis OYIHKU CIAHY POCIUHHOCME Md COTOHOCHI IPYHMIB, a MAKONC pAOiONOKAYIUHI Memoou
011 GU3HAYEHHs eneKmponposionocmi tpyumie. Okpemy yeacy npulileHo 3acmoCy8aHHIO MPUBUMIPHO0
MOOEN0BAHHSA, SIKe O0360J5€ BI3YaANi3y8aAmu NOWUPEHHs 3a0pYOHeHb Y NIO3eMHUX 6000HOCHUX WAPAX, WO
nojeauwye NpuiHAMmMs pilienb w000 ONMUMATLHO20 POZMAULYBAHHS MOHIMOPUHZO8UX CMAHYIL Ma
NPOEKMY6AHHs 3AXUCHUX CNOPYO. Y NOECOHAHHI 3 a8MOMAMU306AHUMY CEHCOPaMU, Wo @IKcyloms napamempu
600u 8 pescumi peanvrozo uacy, I'lC 3abesneyye 6e3nepepsnuii KOHMPoORL 3a QI3UKO-XIMIYHUMU NOKAZHUKAMU
niozeMuux 600 i 00360JIA€ ONEPAMUBHO OYIHIOBAMU iX CAH.

Cmammsa makoosic anHanizye MoJICIUBOCmi 3acmocy6anHts npocHo3no20 mooemosanns y I'IC ona oyinku
nOO0ANbUO20 NOWUPEHHSA 3a0PYOHEHsA ma PO3POOKU 3ax00i6 3 YNPaeinHsA exono2iunumu pusuxamu. Onucano, sx
mamemamuyni modeni y I'IC moocymev Oonomoemu nepedbauumu GnIUE AHMPONOSEHHUX MA NPUPOOHUX
gaxkmopie Ha niozemHi 600u, WO 3abe3neuye po3pPOOKY HAYKOBO OOIPYHMOBAHUX piuieHb O 3MEeHUEeHHs
3a6pYOHeHHs. ma NIOMPUMAHHS AKOCMI 600U Ha be3neunomy pieni. Bnposaodicennsn I'lC y monimopune niozemHux
600 € BAJNCIUBUM KPOKOM 00 NIOGUWEHHS eeKMUSHOCMI YIPAGIIHHA 80OHUMU pecypcamu, 3a0e3nedents ix
3axucmy 6i0 3a6pyOHeHb ma 30epediCeH sl eKOI02IYHOL CabiibHOCMI Pe2ioHis.

KawuoBi caoBa: ceoingopmayiiini cucmemu, MOHIMOPUHE NIO3eMHUX 600, eKONoziuHa be3neka,
CYNYMHUKO8E 30HOVEANHA, ABMOMAMU30BAHI CEHCOPY, MPUBUMIDHE MOOENIO8AHHS, NPOSHO3HE MOOENIO8AHHS,
VYIPABAIHHA BOOHUMU PECYPCAMU, 3A0PYOHEHHS BOOOHOCHUX 20PU3OHMIE.
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