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SUMMARY 

 
 

The report presents an analysis of the earth’s surface subsidence and depression at Stebnyk potassium 

salt deposit for the period from 2003 to 2019. Possible causes of subsidence, including deformational, 

hydrogeological, and mining ones, have been identified. The report also indicates how it was possible 

to eliminate the undesirable consequences of raw material extraction in the post-exploitation period. 

The regime topographic and geodetic observations of the earth’s surface subsidence along reference 

profiles in the mining area have been analyzed. Spatial modelling of the earth’s surface subsidence has 

been carried out and practical changes in deformation dynamics have been determined. The high 

efficiency of geodetic observations has been proven and the main factors that cause a sharp degree of 

the earth’s surface subsidence and depression have been established. The real mould of subsidence and 

significant depressions, which pose a threat to agricultural land use and industrial facilities operation, 

have been indicated. 
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Introduction 

 

The consequences of underground mining include subsidence and depressions on the earth’s surface 

during operational and post-operational periods. This largely concerns deposits of rock and potassium 

salt, including those in the Western region of Ukraine. The most distinct subsidence and depression 

processes are observed at Stebnyk potassium salt deposit, Kalush-Holyn potassium deposit, and 

Solotvyn rock salt deposit (Savchyn et all, 2019, Bagriy et all, 2017, Kuzmenko et all, 2018, Trevoho 

et all, 2020). To prevent depressions and subsidence, the following methods are used: goaf stowing of 

the exhausted space with mining products, uncontrolled infiltration of surface water into mine workings, 

filling the excavated voids with brines saturated to the concentration that does not dissolve clods, 

selection of saturated brines for raw material processing. 

 

Research methods 

 

The purpose of the presented report is a quantitative assessment of the earth’s surface deformations in 

the area of Stebnyk potassium salt deposit and an analysis of changes on the earth’s surface over time. 

Stebnyk potassium salt deposit consists of two mines. Mine №1 is maintained in a dry state. The issue 

of its further exploitation is under consideration. Mine №2 was decommissioned by means of "wet 

preservation" and is flooded with brine. That is why considerable subsidence and sinkholes are observed 

on the territory of Mine №2. 

 

The mine conservation began in 2004 under the program “Comprehensive Project of Mine №2 

Conservation and Disturbed Lands Reclamation" and was supposed to end in 2014. However, the 

conservation amount plan was not accomplished, and the schedule for filling the mine was far behind 

the planned indicators. Therefore, the project adjustments were proposed in 2006, 2009, and 2012. After 

Mine №1 became private property in 2013 with the obligation of its environmental support, the process 

of void filling moved forward and, by the end of 2019, Mine №2 was filled with a total volume of brines 

of 14667195 m³. The questions arise: what was it filled with, what consequences did it lead to, and how 

was the deformation control of the rock mass carried out? 

 

Research results 

 

The method of monitoring the earth’s surface deformations was regime observations, which were 

carried out along 9 reference lines starting from 1970. These observations were performed annually by 

Stebnyk State Mining and Chemical Enterprise "Polymineral", which is the owner of Mine №1. 

Additional studies required regime hydrogeological observations in the mine shafts and wells along 

with geophysical studies, which were implemented by the method of gravimetry, time-domain 

electromagnetic sounding, and the method of Earth’s natural pulsed electromagnetic field. 

 

In order to find out the reasons for the significant subsidence of the earth's surface within Mine №2 

boundaries, spatial comparisons and superimposition of the following cartographic materials were 

performed: 

• space photographs of the research area; 

• exhausted mine workings of mining horizons; 

• layout of topographic and geodetic profile lines and rappers; 

• results of topographic and geodetic measurements;  

• geological maps and sections, in particular, the soles of the gypsum-clay cap; 

• hydrogeological observations of wells. 

 

The dynamics of the earth's surface subsidence are illustrated in the form of subsidence graphs along 

profile lines. Vivid examples are the graphs of profiles I and III, which are located near karst ink holes 

(shown below on the map of subsidence mould). The graphs are shown in Fig.1 with a three years interval 

and they demonstrate the subsidence development in millimeters along the ordinate axis and the profile 

length in meters along the abscissa axis. The graphs analysis shows slight subsidence of the earth's surface 
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from 2003 to 2013, an increase in the rate of subsidence after 2013 and significant changes after 2016, 

namely in the period from 2016 to 2019. The explanation for this is the following. Starting in 2014, the 

flooding of the first (from the surface) horizon of Mine №2 began, the chambers of which were not laid 

according to Comprehensive Project of Mine №2 Conservation. In addition, a significant inflow of 

drainage (infiltration) water into the mine workings was observed - 12.15 mil m³ to a total of 14.67 mil 

m³ (namely, 83% of the total volume), that is, significantly more than the planned volumes. 

 

 

 
Figure 1 Graphs of the earth's surface subsidence along I and III profile lines 

 

During infiltration, these waters were saturated with fresh salts (0.2-0.3 gm/dm³) to the ones of 

maximum possible rate (430 gm/dm³), dissolving the salt in the upper part of the rock mass. At the same 

time, the partially saturated waters in the tailing reservoirs, which were pumped into mine shafts, 

accounted for only 17% of the total filling balance, that is, an insignificant part of the volume. 

It should be noted that the center of the hydrogeological mould coincides with the maximum subsidence 

of the daylight surface. 

 

Fig. 2 shows the rapid characteristics of the maximum subsidence on profile lines I and III, which 

coincides with catastrophic consequences of subsidence, that is, significant failures. 

 

Fig. 3 illustrates a planar mould (sinkhole) of the distribution of the earth's surface deformations from the 

beginning of subsidence development until 2019. The analysis of the map indicates the formation of a planar 

subsidence zone, which is consistent with underground workings and areas of reduced pillar strength, and 

coincides with further earth's surface depressions. It is to be recalled that on the night of September 30, 2017, 

in the village of Modrychi, Drohobych district, Lviv oblast, at Mine №2 of Stebnyk State Mining and 

Chemical Enterprise "Polymineral", a collapse of karst rock with a diameter of 230 meters and a depth of 50 

meters occurred. A new sinkhole near Stebnyk was formed on March 15, 2020. The depth of the sinkhole 

was about 100 meters, and the area was 150x50 meters. No one was hurt as a result of the events. 
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Figure 2 The rate of land subsidence at individual reference points 

 

 
Figure 3 Mould of earth’s surface subsidence at Stebnyk potassium salt deposit 
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Conclusions 

 

1. Topographic and geodetic observation analysis by year was carried out. A database has been 

developed that includes data for all years of observation. 

 

2. Graphs of the earth's surface subsidence were constructed by individual profile lines in dynamics. 

 

3. Spatial models of the earth's surface subsidence distribution are obtained. Zones dedicated to the 

earth's surface depressions have been established. 
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