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SUMMARY 

 
 

The karst formation is a characteristic result of negative anthropogenic activity and its impact on natural 

landscapes, which leads to their further modifications. A striking example of karst processes in Ukraine 

is the territory of Stebnyk Mining and Chemical Enterprise «Polymineral» in Lviv region. General 

surface deflection has been traced in the exits of the potassium salt deposit mines, as well as sub-vertical 

movements, which led to the emergence of several sinkholes. Given that the deformation processes in 

the territory of Stebnyk deposit are in an active stage, there is a high likelihood of new failures formation 

in residential areas and strategically important infrastructure objects, which confirms the importance of 

monitoring the deposit area. The study analyses the current methods for researching sub-vertical 

movements, their advantages, and disadvantages. The results of the UAV survey of the Stebnyk potash 

deposit area are presented, a digital elevation model of the sinkholes is created based on the 

orthomosaic, and their quantitative parameters are calculated and analysed. 
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Introduction 

 

Active mining activity increased the anthropogenic impact on the Precarpathian landscapes and 

intensified exogenous processes and their dynamics. The major objects of mining industry in the region 

were potassium salt deposits (namely, Stebnyk and Kalush-Holynsk ones) (Pavlyuk, 2010). The 

extraction of the Stebnyk deposit, according to the initial projects, was conducted in two underground 

mines, an extraction method being room-and-pillar mining. Waste area was maintained by leaving inter-

chamber and inter-storey pillars (Hlotov & Biala, 2022). The complex hydrogeological structure of 

Stebnyk deposit contributed to the ingress of groundwater into the mine extraction levels (inflows of 

water arose as a result of the post-salt aquifer cross-section by mine production) leading to appearance 

of the cones of depression formation. At the moment when the cones of depression reach the place of 

water inflow, the salts dissolve in fresh water, therefore, the inflow of water to the mine increases due 

to the expansion in the permeability of the post-salt aquifer. Because of voids formation within the 

cones of depression, anthropogenic processes are observed, namely the formation of technogenic karst 

(Figure 1), characterized by subsidence and deflection of the surface (Hotynian & Tomchenko, 2009). 

 

 
Figure 1. Draft of the karst phenomena development in the area of mine No. 2 (Hotynian & 

Tomchenko, 2009) 

 

In the article (Pavlyuk, 2010), the author reveals that when the levels of potassium mines are flooded, 

erosion processes most quickly affect the ceiling due to the process of brines segregation (the most 

aggressive waters in relation to salts are in the upper part of the water layer). Consequently, when the 

upper levels of the mine are flooded (in 2016, the II level of mine No. 2 was flooded, Stebnyk deposit, 

Figure 1.) there will be the greatest threat of catastrophic sub-vertical collapses in a significant territory 

of the extraction area. 

 

It should be noted that local failures occur due to the destruction of two adjacent pillars. As a result, the 

inter-storey ceiling collapses, which leads to further destruction of the pillars of higher levels. In this 

case, the integrity of the aquifer post-salt layer is disturbed, and then unstable cap rock collapses. The 

pillars' destruction occurs due to three factors: - reduction of the rock resistance to compression because 

of their humidification; - the dissolution of walls and ceiling; - fluid pressure on walls and ceiling. The 

loss of the capacity formula and stability of one of the pillars leads to load increase on the neighbouring 

pillars by one and a half times, respectively, thus their strength also decreases (Gajdin, 2008). 

 

Gajdin (2008) provides data showing that in 2008 the maximum surface deflection at the site of mine 

No. 2 in Stebnyk was 13 m, the maximum subsidence rate was 32.7 mm per year. The constant increase 

in the flow of fluid into the mines and the seismic load contribute to a decrease in the pillar’s rigidity 
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and, consequently, reduce their strength, which led to several sinkholes in the aquifer section, in the 

valley of the Vyshnytsia River. 

 

On September 30, 2017, karst sinkhole No. 27 occurred on the territory of the Stebnyk deposit, whose 

funnel reached 220-230 m in diameter, and about 47 m in depth. Power transmission line 220 was 

broken, as its pillars fell into the funnel. Also, the Drohobych water supply system was damaged 

because of failure (Savchyn et al., 2019; Hlotov & Biala, 2022). On March 15, 2020, a new sinkhole 

(No. 28) formed within the exit of mine No. 2 of Stebnyk Mining and Chemical Enterprise 

«Polymineral» at seam 10 Pivdenno-Skhidnyi (partially above seam No. 14), in the direction of the 

main flow of karst waters. 

 

Deformation processes are taking place in the minefield area of the western flank of mine No. 2, and 

they are recognized as activated ones. A number of researchers (Gajdin, 2008; Pavlyuk, 2010; Savchyn 

et al., 2019; Hlotov & Biala, 2022) emphasize the likelihood of further landslides in the territory of 

Stebnyk potassium salt deposit, namely in areas where there are hydro and power supply facilities, 

residential buildings, and the Lviv-Truskavets highway. Pavlyuk (2010) notes that in order to study and 

control the processes of the technogenic karst formation of the Stebnyk deposit and prevent dangerous 

exogenous processes associated with it, it is necessary to conduct the monitoring of its geological 

environment with the involvement of geographic information systems. 

 

Methods and Data 

 

The high risk of landslides and sinkholes in the places where technogenic karst is formed attracted the 

attention of a wide range of researchers, which led to the appearance of a number of methods for 

studying and monitoring exogenous processes caused by anthropogenic activity. These studies can be 

sorted basing on the data from: field surveys; laser scanning; optical satellites images; aerial images 

from unmanned aerial vehicles (UAVs); synthetic aperture radars (Jaboyedoff et al., 2012; Casagli et 

al., 2017). The choice of input data directly depends on the purpose of the study and will have its 

advantages and disadvantages. 

 

In the article (Scherer et al., 2019) the authors compare the method of radar interferometry and the 

method of the structure by motion in the study of vertical surface changes/movements. Among the 

advantages of using radar interferometry are high data accuracy in the vertical plane, availability of 

global coverage data, coverage of large territory in the image, and free availability of some data can be 

also noted. However, there is also a low spatial resolution (especially for data that is freely available) 

and complex technical processing. With regard to the structure from motion method, special advantages 

are high spatial resolution which allows identifying even minor changes, non-complex data processing 

algorithms. However, it is worth taking into account the need to perform experimental work (physical 

and legal access to the survey site is required) which significantly limits the time monitoring frames, 

the effect of GNSS receiver errors on the accuracy of coordinate measurement, limited and much 

smaller captured survey area relative to interferometry data. 

 

Fields of research with the expediency of using radar interferometry are monitoring at global or regional 

levels, determination of centimetre-scale vertical movements, and time series research. The areas of 

research using the structure from motion method include monitoring of local phenomena and those that 

have occurred recently, determination of elevation changes of small areas/objects, and research with 

the integration of other digital elevation models (DEM) (Scherer et al., 2019). 

 

On March 19, 2020, the territory of the mine exits of Stebnyk Mining and Chemical Enterprise 

«Polymineral» was surveyed using the Trimble UX5 HP UAV. During the survey, new failure No. 28 

was covered, taking into account the speed of water inflow and the formation of karst lakes in the place 

of landslide No. 27, the obtained data will allow monitoring the depth changes and vertical dynamics 

of the funnel in the future. The non-vegetation period of the survey contributes to a clear deciphering 

of the sinkhole’s contours No. 27 and No. 28, as well as places of water inflow to the funnel (Figure 

2.), surface cracks. 
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Figure 2 Fragment of the orthophotoplan with sinkholes No. 27 (below) and No. 28 (above) on the 

territory of Stebnyk Mining and Chemical Enterprise «Polymineral» 

 

Results 

 

DEM of landslides No. 27 and 28 was constructed on the basis of UAV survey data in the Global 

Mapper software (Figure 3).  

 

 
Figure 3 DEM of landslides No. 27 (below) and No. 28 (above) 

 

Landslide No. 27 is characterized by streamlined contours, a gradual, smooth decrease in height from 

the surface above the cliff (absolute height over 350m) to the karst lake formed inside the funnel (the 

boundary of the inner karst lake is located at an absolute height of 313m), the average slope of the 

sinkhole indicates the transition of its development to the damped stage. Landslide No. 28 was in an 

active stage at the time of the survey, which is confirmed by an essential, sharp change in height (there 

are sections where the height changes from 332 m to 297 m at distance 5 m, the slope is 80%) and the 

presence of cliffs. 

 

To calculate the funnels volumes, triangulated irregular networks (TIN) were built (of the entire funnel 

surface, as well as of the reference surface, according to the points with the highest absolute height). 

The volume of the funnel of landslide No. 27 is 477890.51 m3 (the length of the funnel on March 2020 

was 240 m, and the width was 219 m). The volume of the funnel of landslide No. 28 on March 2020 

was 191653.16 m3 (with a length 107 m, a width 75 m, the lowest absolute height of 284 m). 
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For the DEM realistic view, the created orthophoto was superimposed on 3-dimensional model of the 

landslides (Figure 4). 

 

 
Figure 4 DEM of landslides on the territory of Stebnyk Mining and Chemical Enterprise 

«Polymineral» with texture 

 

Conclusions 

 

The complex geomorphological structure of the potassium salt deposit in Stebnyk and the constant 

increase in the inflow of surface water into the levels of the mine contribute to the technogenic karst 

formation, which subsequently leads to the emergence of new subsidence of the surface and sinkholes. 

The created orthophotoplan is the basis for further monitoring and research of the landslides dynamic, 

and subsequent determination of sub-vertical surface movements with high accuracy. Further 

monitoring of the potassium deposit in Stebnyk using UAV survey will make it possible to apply the 

structure from motion method and evaluate deformation processes. 
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