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SUMMARY 

Military conflict continues in Donbas, posing unforeseeable hazard to people and the environment. This 
region is one of the largest and most dangerous natural and man-made geosystems with a high density 
of potentially hazardous facilities. 

Therefore, assessment of environmental status of reserve drinking and industrial water supply sources 
in Donetsk and Luhansk Oblasts in uncontrolled territories and under control of the Government of 
Ukraine is conditioned by active exploitation of dug wells, wells and springs outside the central water 
supply system of Donbas by local residents vulnerable to pollution. 

Based on the geodata integrated into the GIS, models of the Siverskyi Donets river basin surface water 
pollution dynamics were built by the authors. The authors were built the models of surface water 
pollution dynamics in the Siverskyi Donets Basin using GIS. For construction of pollution spatial 
distribution models and assessment of surface water quality, the authors proposed the use of 
geostatistical methods to obtain interpolation surface pollution level. 
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Introduction 
 
These studies are related to a number of academic directions at the Institute of Telecommunications and 
Global Information Space. The main areas of research are information technology development, 
environmental safety management systems (Azimov et. al., 2019; Okhariev and Trysnyuk, 2019; 
Trysnyuk et al., 2019) and mathematical modelling (Trofimchuk, 1996; Gomilko et.al., 1999). It is 
essential to note a number of studies of hazardous processes in the Earth's crust and soil layer, set in the 
context of landslide problems (Trofimchuk, 2002; Trofymchuk et al., 2014; Kaliukh et al., 2019). A 
new method for solving the inverse problem in well logging electrometry has been found for the 
development of mineral deposits (Myrontsov, 2019a; 2019b). GIS and remote sensing methods were 
used to assess the anthropogenic impact, ecological monitoring and management (Korchenko et al., 
2019; Trofymchuk et al., 2019). 
For construction of pollution spatial distribution models and assessment of surface water quality, in this 
paper the authors proposed the use of geostatistical methods to obtain interpolation surface pollution 
level.  
 
Method 
The military conflict takes place in the world's largest coal-mining technogenically saturated region, 
which is one of the largest and most dangerous natural and man-made geosystems with a high density 
of potentially hazardous facilities. Its area is up to 20 thousand km2, nevertheless, the system of 
ecological monitoring of the most environmentally disturbed in the controlled and uncontrolled 
territories has a fragmentary and incomplete character. 
Up to 5 million people live in this area, and more than 4,000 potentially hazardous facilities with a high 
level of mineral, water, land, biotic and other natural vital resources exploitation are located at industrial 
and urban agglomerations. In the context of the armed conflict, surface water bodies, first of all, the 
Siverskyi Donets River basin, which is the main source of drinking and industrial water supply for the 
Donbas water hydraulic complex (40-80% of local water consumption), have significant threats of 
dangerous environmental degradation (Figure 1). 
 

 
Figure 1 Impacts on the Siverskyi Donets River Basin 
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Therefore, the ecological status assessment of the backup drinking and industrial water supply sources 
for the population of Donetsk and Lugansk regions in the uncontrolled territories and those under the 
control of the Ukrainian government (November 2016, OSCE, Centre for Humanitarian Dialogue, 
ITGIS NASU, UkrCPRI SESU) was conditioned by active exploitation of vulnerable to pollution dug 
wells, boreholes and springs outside “The Water of Donbas” water supply central system by the local 
citizens (Yakovliev and Chumachenko, 2017). 
It is taken into account that the surface hydraulics Donbas water complex is (85-90%) based on the use 
of the Siverskyi Donets river surface flow with little involvement (10-15%) of protected groundwater. 
As a result, damage to the technological elements of this system in context of environmental and man-
made impacts of military factors, as well as emergency discharges of contaminations into the riverbed, 
canals and reservoirs in the Siverskyi Donets River basin, results in a reduction or complete cessation 
of water supply to the public water supply systems in the region. 
During such periods, the use of water from local sources of water supply (dug wells, individual 
boreholes, captured springs), which sanitary-hygienic condition is often unknown or dangerous, 
becomes widespread. 
Besides, there is an increase in the impact of additional regional pollution on both surface and 
underground sources of drinking and industrial water during floods of mines and uncontrolled outflows 
of mineralized and polluted water. 
According to the recommendations of local units of the State Emergency Service of Ukraine, Ministry 
of Healthcare, State Geological Service and regional military-civilian administrations, 35 survey points 
of drinking water sources with simultaneous soil sampling (in the catchment area) and measurement of 
the radiation background (Donetsk region - 23 samples, Lugansk region - 12 samples) in the controlled 
area and 26 survey points of drinking water sources with simultaneous soil sampling (in the catchment 
area) in the territory which is not under the control of the Ukrainian government (Donetsk region - 26 
samples) were defined. 
The prevailing use of underground water, which is better protected from the dangerous impact of the 
industrial factors of pollution and has a stable chemical composition indicator, drinking and industrial 
water systems within the Lugansk region, was taken into account during the samples amount 
specification. 
 
Results 
 
Given the above-mentioned conditions in this region, an indicative scheme of rapid research has been 
developed to assess the most vulnerable element, which is critical for ensuring environmental and health 
safety in the region. 
It is worth noting the role of modern technologies, namely the use of contact remote monitoring methods 
and geoinformation technologies (GIS). Based on the geodata integrated into the GIS, models of the 
Siverskyi Donets River basin surface water pollution dynamics were built by the authors. 
The use of geostatistical methods, which allowed to obtain an interpolation surface of the pollution level 
values and build appropriate maps of the probability of surface water quality change of the entire basin 
was proposed by the authors for constructing models of the pollution spatial distribution and estimating 
the quality of surface water. 
At the present stage of the Donbas natural-technogenic geosystem critical changes due to the 
complication of mining and geological conditions in the uncontrollable flooding of mines and the 
influence of the armed conflict factors the following dangerous processes take place: 

● Increase in the areas of water levels and flooding of lands leading to activation of dangerous 
sliding, subsidence and other processes; 

● Destructive subsidence of the surface, particularly within adjoined cities and villages and the 
growing threat of critical infrastructure objects destruction; 

● Activation of explosive and toxic gases (methane, radon, etc.) migration; 
● The risk of man-made earthquakes in the context of the increase in the number of flooded mines; 
● Acceleration of pollution migration to underground and surface sources of drinking and 

industrial water supply. 
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The above-mentioned complex impact processes form a single unbalanced hydro-geodynamic system 
of the Donbas mining and industrial zone (covering up to 15 thousand km2, population 3.4 million 
people), with dangerous changes in the geological medium as the biosphere and health and safety basis 
in the controlled and uncontrolled territories. Taking into account the above mentioned a comparison 
of the ecological-stabilizing potential of the Chornobyl Exclusion Zone and the Donbas geological 
medium was made by authors (Table 1). 
The results of the analysis indicate the need for maintaining the groundwater level during the flooding 
of the mines below of the crust weathering bed of coal rocks to prevent their active subsidence 
deformation and accelerated migration of contaminated mine water (post-mining scheme of the Rur 
Coal Mining Basin, Germany). 
 
Table 1. Comparison of changes in the ecological status of the geological medium of the Exclusion 
zones and the unconditional (obligatory) resettlement of the Chornobyl NPP and the impact area of the 
massive closure of mines in the Donbas (Influences levels: red – critical, yellow – dangerous, green – 
background). 

 
Types of environmental 
impact on the geological 

medium 

Level of impact on the geological medium 
Chornobyl NPP emergency 

area 
Area of influence of mass closure 

and flooding of mines 
Landscape-geochemical Emergency radio 

geochemical contamination 
followed by auto-
rehabilitating cleanup (up to 
90% by 2035). 

Element-by-element persistent 
geochemical contamination of soils 
and bottom sediments 

Lithospheric - equilibrium No changes in the upper zone 
of the lithosphere. 

Irreversible violation of the 
geomechanical state of subsoils 

Hydrological: critical 
changes in surface run-off 
quality  

Short-term radionuclide 
pollution of the Dnieper River 
Basin 

Regional sustainable pollution of 
surface run-off  

Hydrogeological: aquifers 
(underground hydrosphere) 

Trace (at the level of regional 
background) nuclide flow  

Regional pollution of underground 
horizons, loss of drinking water 
resources 

Gas-geochemical, including 
the atmospheric surface 
layer 

Short-term contamination of 
the atmosphere with 
radionuclides 

Saturation of the upper zone of the 
lithosphere with explosive gases in 
the mining zone 

Engineering-geological Almost no changes in 
engineering-geological 
conditions 

Regional disturbance of rocks 
equilibrium in the coal-mining zone 
 

Engineering-
seismogeological 

Relatively stable condition, 
except deformation of rocks 
at the base of buildings at the 
Chornobyl NPP industrial site

Reduction of engineering-
seismogeological subsoil in the zone 
of influence of mining by 1-3 points 
 

 
Conclusion 
 
Geospatial models for the quality of water bodies, ecological, geological state of the subsoil with the 
predominance of their irreversible disturbances of geological medium, including the interaction of 
surface water and groundwater (destruction of regional watersheds, river beds in coal mining areas, 
etc.) is the basis for regulating the activities of water users; provision of measures for sustainable 
environmental management; informing the relevant authorities and the population about possible 
dangerous situations, including water-ecological, at both local and state levels. 
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In our opinion, Earth remote sensing technologies (interferometry, multispectral imaging, etc.) are the 
only method of detecting dangerous changes in the ecological state of the subsoil at the initial stages of 
the impact of flooding of mines in temporary occupied and controlled areas considering the critical 
destruction of the subsoil and surface water bodies ecological status monitoring system, as well as the 
complexity of conducting traditional aboveground ecological observations in the context of the armed 
conflict. 
According to the previous experience of using the ERS materials within the territories of the Donbas 
coal-mining zone, it is advisable to use them after floods and in the marginal period (June-October), 
when changes in the ecological status of landscapes, geological medium and the hydrographic system 
have maximum contrast. 

To increase the informativeness of the ERS data, they can be used together with the geoinformation 
model of the water-ecological status of the transboundary Siverskyi Donets River basin. 
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