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INTRODUCTION

In recent decades, a catastrophic ecological 
situation has developed in the salt mines of the 
western regions of Ukraine. Emergency situa-
tions (ES) at the salt mines of the Carpathian re-
gion (Kalush City, Solotvyno urban-type settle-
ment, Stebnyk City) are caused by the complica-
tion of mining-geological, ecological, and socio-
economic conditions, as a result of the inherited 

complex ecological violations and imperfect 
technologies for the operation and conservation 
of unprofitable mines and quarries, mainly by 
flooding, with the activation of dangerous ex-
ogenous geological processes. At the same time, 
the development of karst-collapse and landslide 
processes during the closure of the Solotvyno, 
Kalush, and Stebnyk salt mines led to destructive 
deformations of more than 2,500 buildings, ac-
celerated migration of toxic substances into the 
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basins of the transboundary rivers Tysa and Dni-
ester, which are sources of drinking water supply 
for 10 million persons on the territory of Ukraine, 
Romania and Moldova. 

The ecological safety of Stebnyk mining and 
industrial district (MID) is due to the negative 
impact of mining activities on the environment 
after to the low culture of subsoil use [Rudko  
and Shkitsa, 2001; Bidira, et al., 2022; Pohreben-
nyk and Dzhumelia, 2020; Kumari and Maiti, 
2019; Dyakiv et al., 2015; Rokochinskiy et al., 
2020; Baberschke et al., 2019a; Baberschke et 
al., 2019b; Lee et al., 2017; Wang et al., 2021]. 
Untimely and incorrect scientific-technical, 
mining-technical, monitoring and environmen-
tal protection measures created the prerequisites 
for the emergence of environmental problems for 
the population of the territories of potassium salt 
extraction. A potential danger of the influence of 
the enterprise is created by underground mining 
operations, which are centers of karst formation, 
as well as tailings storage. Erosion of salt-bearing 
dumps by atmospheric precipitation, overflow of 
the tailings storage with mineralized solutions 
and atmospheric precipitation cause the spread 
of geochemical halos of soil salinity, pollution 
of underground and surface water. Scientific and 
technical substantiation and development of tech-
nologies for hydrotechnical reclamation of the 
tailings storage, followed by the application of 
phytoremediation measures, is expedient for the 
optimization of Stebnyk post-mining geosystem 
and the stabilization of the ecological situation.  

The relevance of hydro-technical reclamation 
of the Stebnyk tailings storage facility is due to 
the man-made destabilization of the geosystem of 
the potash deposit. The importance of stabiliza-
tion and ecological rehabilitation of the territory 
of salt mines in the Carpathian region takes on 
special importance in the context of the Associa-
tion Agreement between Ukraine and the Euro-
pean Union, since Article 362 states that the par-
ties to the Agreement will pay special attention 
to issues of a transboundary nature [Association 
Agreement]. 

Territories and objects disturbed during the 
development of minerals must be brought to a 
state that is safe for people and suitable for eco-
nomic use in accordance with the Mining Law 
of Ukraine. Special attention should be paid to 
the prevention of man-made ecological disasters 
caused by technical-operational, climatic, and hy-
drogeological factors, as happened in 1983 when 

brines of potash salts from Stebnyk tailings stor-
age destroyed the entire water ecosystem of the 
upper reaches of the Dniester River basin. 

Statement of the problem

The exploitation of the Stebnyk deposit of 
potash salts led to multimillion-dollar losses, 
threats to health and deterioration of living condi-
tions for people, and a decrease in biological di-
versity of the Dniester River basin. The imperfect 
technology of field development, using tradition-
al methods without taking into account ecological 
requirements, led to the acceleration of the pro-
cesses of dissolution of haloides, led to the activa-
tion of subsidence of the earth’s surface, and the 
karst collapse phenomena. The scale of manifes-
tations of karst and related processes is huge. Not 
only the territories of the mines but also extensive 
areas beyond their boundaries were in the zones 
of danger of failure.  

The second environmental threat is the Steb-
nyk tailings storage, where waste from the chemi-
cal enrichment factory was transported through 
pipelines.  The tailings storage facility is located 
on the northeastern outskirts of Stebnyk City 
near the Solonytsia River (the right tributary of 
the Tysmenytsia River). According to the tech-
nological solution, the hydro-technical structure 
is man-made reservoirs covered with dams, into 
which liquid waste from flotation beneficiation of 
ores was dumped. In the tailings storage facility 
is accumulated 11.2 million m3 of waste. Waste 
causes salinization of groundwater, reservoirs at 
the sites of storage ponds and sludge storage fa-
cilities, which occurs through the infiltration of 
brine through their bottoms, sides, and founda-
tions of dams. In addition to brine, the tailings 
storage contains about 20 million tons of solid 
phase - salt-clay waste from flotation beneficia-
tion [Bilonizhka and Dyakiv, 2009].  

Today, the level of brines in section No. 2 of 
the tailings storage facility of Stebnyk mining 
and chemical enterprise “Polymineral” reaches 
the maximum permissible level. An average of 
1,612,000 m3 of atmospheric precipitation falls 
on the entire area of the tailings storage annually, 
and about 572,000 m3 evaporates from it, i.e., the 
excess water is 1,040,000 m3 per year. The total 
volume of waste together with atmospheric pre-
cipitation grew in the tailings storage by an av-
erage of 1,368,000 m3 per year [Bilonizhka and 
Dyakiv, 2009]. 
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It should also be taken into account that dur-
ing heavy rainfall, excessive water saturation 
of dams and overflow of mineralized solutions 
through ridges of dams is quite possible. Taking 
into account the significant content of soluble 
salts in dams, there is a threat of their critical 
water saturation with subsequent catastrophic de-
struction. The growing risk of a hydro-technical 
accident is evidenced by the fact that karst pro-
cesses continue to develop along the dam in the 
territory of the tailings storage, which leads to the 
formation of subsidence and filtration of brines 
through the body of the dam with surface and un-
derground water pollution. The breakthrough of 
brines from the tailings storage facility may lead 
to catastrophic transboundary pollution of the 
Dniester River runoff, similar in its negative con-
sequences to the destruction of the tailings stor-
age facility in 1983.  

Therefore, it is necessary to urgently develop 
and implement measures to reduce the dynamics 
of the increase in the level of highly concentrated 
brines in the tailings storage and create a monitor-
ing system for the condition of a potentially dan-
gerous facility. 

Background

The analysis of studies on the environmental 
problems of  mine workings of potash mineral fer-
tilizers indicates the existence of a fundamental 
basis of the phenomenology of ecological safety 
of the salt-mining regions of the Pre-Carpathian 
region [Rudko and Shkitsa, 2001; Goshovsky et 
al., 2002]. The authors [Haydin et al., 2012] sum-
marized the numerical, in-depth, and detailed, but 
fragmentary and scattered results of geo-ecolog-
ical studies of the salt-extracting mining com-
plexes of the Pre-Carpathian region. The works 
of M. D. Grodzinsky, E. A. Ivanov, and I. P. Kov-
alchuk, etc. are devoted to landscape, geological, 
and geographical studies of the influence of the 
mining industry on the environment. The works 
of Y.M. Semchuk, E.I. Kryzhanivskyi, S.S. Ko-
rynya etc. are devoted to the problems of ensuring 
environmental safety at the stage of liquidation 
of potash mines. The works of G.I. Rudko, A.M. 
Haydin, I.I. Zozulia, V.O. Dyakiv and etc. are de-
voted to the issue of engineering protection of salt 
and sulfur deposits in the Pre-Carpathian region. 
The results of the study of brines in flooded pot-
ash mines of Pre-Carpathian region are presented 
in the work [Haydin et al., 2012]. 

A general description of the current ecologi-
cal state in the area of influence of Stebnyk MID 
is described in a number of scientific works [Var-
lamov et al., 1971; Dyakiv at al., 2015; Ivanov, 
2018]. During 1967-1988, waste from the concen-
trator factory of Stebnyk potash plant accumulat-
ed in the tailings storage of Stebnyk MID. The en-
richment factory produced potassium-magnesium 
mineral fertilizer (calimagnesia (K2SO4·MgSO4)) 
with a K2O content of up to 17–18%. The tech-
nological scheme of the processing of potassium-
magnesium ores of the Stebnyk deposit consisted 
in dissolving potassium salt rocks with hot water, 
settling the insoluble clay residue, and separating 
the clarified highly concentrated oil from the sed-
iment and crystallization of calimagnesia from it. 
However, the polymineral composition of potash 
ores and their high content of clay material (10-
15%, sometimes up to 20%) greatly complicated 
the technology of their processing. Practically, 
this technology turned out to be very imperfect. 
The waste contained not only clay material, un-
dissolved polyhalite, and halite, but also oil with 
a high content of sodium chloride and potassium-
magnesium salts. 

During the operation of the mining and chem-
ical enterprise, more than 25.5 million tons of 
“tailings” – liquid waste from the flotation ben-
eficiation of ores – were accumulated, of which 
4.2 million tons were in the liquid phase. “Tail-
ings” are fairly stable finely dispersed suspen-
sions. They accumulate and are stored almost in-
definitely in tailings storage, which have become 
a constant threat to environmental disasters. The 
first emergency situation occurred in 1983 when 
after the flooding of one of the mines at the en-
terprise, underground voids were blamed. Then, 
on September 14, 1983, after a heavy rain, the 
earth dam of tailings storage No. 2 between pick-
ets 7 and 8 broke through. A huge mass of highly 
concentrated brine and solid waste (silt) flowed 
into the basin of the Solonytsa River, and from 
it – into the Tysmenytsa River and further into 
the Dniester River and the Black Sea. The total 
mass of the release was more than 5 million tons 
of brines, the salt content of which reached 335 
kg/m3 . It was a mudflow with powerful hydraulic 
pressure. A huge mass of salt waste polluted the 
entire surrounding area (rivers, gardens, fields, 
forests), which harmed the flora and fauna of the 
area, as well as the hydrobionts of the Solonytsia, 
Tysmenytsia, Dniester rivers, and the Black Sea. 
The accident highlighted all the shortcomings of 



123

Ecological Engineering & Environmental Technology 2023, 24(2), 120–130

the technologies for storing industrial waste from 
the production of potash fertilizers and arranging 
the tailings storage facility. 

As a result of the unauthorized discharge of 
brines from the tailings storage facility of Steb-
nyk MCE “Polymineral”, which was carried out 
on July 26-30, 2008, water was polluted due to 
the ingress of 16,700 m3 of dissolved brines into 
the hydrographic network of the Solonytsia-Tys-
menytsia-Dniester rivers. The content of pollut-
ants in wastewater exceeded the permissible stan-
dards of sulfates – by 25 times, chlorides – by 6 
times, mineralization - by 18.5 times [ Regional 
report]. The authors [Revega, 2006; Petrochenko 
and Petrochenko, 2022; Ivanov, 2018] established 
that the soluble parts of salt rocks contain trace 
elements – Bromine, Iodine, Manganese, Boron, 
Strontium, Barium.  

The work [Carcavilla, et al., 2009; Ivanov, 
2018] analyzed the ecological problems of res-
toration of post-mining geosystems in the areas 
of extraction and beneficiation of potash salts of 
Transcarpathia, suggested reviewing some incor-
rect project decisions regarding the conservation 
of Stebnyk Mining and Chemical Enterprise. The 
authors [Mokryi et al., 2018] developed the con-
cept of environmental safety of the hazardous 
waste management system of Stebnyk tailings. 
The block model of the environmental safety 
monitoring system is substantiated. It is proposed 
to develop an ecologically and economically ac-
ceptable strategy of hazardous waste management 
on the basis of effective control of the material 
balance of brines and the creation of a special-
ized enterprise with technological complexes for 
the processing of ore and accumulated brines of 
Stebnyk tailings storage. The infrastructural and 
investment strategy for sustainable development 
of Stebnyk MID was developed by the authors 
[Mokryi et al., 2018]. 

The works [Wang et al., 2021; Rokochinskiy 
et al., 2020; Dyakiv et al., 2015; Carcavilla et al., 
2009; Alexandrowicz, 2006; Bidira et al. 2022; 
Pohrebennyk and Dzhumelia, 2020; Wang et al., 
2022; Ozbay et al., 2021; Zhyrnov et al. 2021] 
describes the algorithm for leaching, karstifica-
tion, and self-isolation of easily soluble salts from 
near-surface salt-clay deposits of the sides and 
base of the tailings storage. The authors of [Lee et 
al., 2017; Rokochinskiy et al., 2020; Kumari and 
Maiti, 2019; Fazekašová D. et al., 2021; Černoch 
and Košťál, 2019; Vergara et al., 2022; Kosichen-
ko and Baev, 2020; Dzhumelia and Pohrebennyk, 

2021] started work on the restoration of the biotic 
cover of the territories adjacent to Stebnyk tailings 
storage. The dynamics of edaphic conditions stud-
ied in the considered works should be taken into 
account when designing reclamation works and 
phytomelioration of Stebnyk man-caused relief. 
The authors of [Tsaitler et al., 2009] substantiated 
the need to develop a reclamation and phytome-
lioration project for Stebnyk tailings storage using 
cultures of mixed composition. Biogroups were 
created in devastated areas with the mycorrhized 
planting material of common oak and red oak. This 
will ensure the endo-ecogenetic successional stage 
of phytoremediation of Stebnyk tailings storage.

According to information sources, in recent 
years, an emergency environmental situation has 
arisen at  Stebnyk MID, which resulted in the loss 
of an operating mine, a complete emergency shut-
down of the salt mining enterprise, degradation 
of the landscape, the emergence of a destabilized 
terrain, and the development of huge karst sink-
holes even outside the mining diversion, and the 
breach of the tailings storage. The tailings storage 
constantly pollutes the basins of the Solonytsia, 
Tysmenytsia, and Dniester Rivers with brine, the 
excess of which, more than 1 million m3/year, 
is formed as a result of precipitation exceeding 
evaporation. There are also direct economic loss-
es: about 1 million hryvnias is spent annually on 
the supervision and maintenance of the tailings 
storage facility. The ecological problems of Steb-
nyk tailings storage facility attract the attention 
of the public and have been repeatedly covered in 
the mass media, as they have acquired nationwide 
and international significance due to their scale 
and socio-economic consequences.

The basis for solving the environmental 
problem caused by Stebnyk tailings storage and 
determining the directions for its implementa-
tion can only be the scientific and technological 
justification of the hydrotechnical reclamation of 
the man-made landscape through the creation of 
Stebnyk Hydropark.  

Purpose – scientific and technical substan-
tiation of the hydrotechnical reclamation of the 
tailings storage through the creation of Stebnyk 
hydropark. 

Task – development of pre-project proposals 
for the creation of a hydrotechnical network for 
the interception of surface water from the catch-
ment area located above and the removal of at-
mospheric precipitation, in order to prevent an 
emergency situation caused by a possible rapid 
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rise in the water level in the tailings storage and 
a breach of the dam. 

Object of research – hydrochemical and 
hydrophysical processes of the formation of the 
level of brines in Stebnyk tailings storage, which 
exceeds the permissible norm by several times 
and their level is rapidly increasing. 

Subject of research – structural and techno-
logical solutions for the design of direct distribu-
tion channels, and water discharge structures, to 
reduce the hydrodynamic pressure and prevent 
the breach of the Stebnyk tailings dam and the 
flow of brine into the Dniester river network. 

MATERIALS AND METHODS

Research methods are based on a systematic, 
scientifically based analysis of theoretical studies, 
generalization and systematization of experimen-
tal data. To identify the tailings storage, the tech-
nology of landscape spatio-temporal forecasting 
of exogenous geological processes and filtra-
tion phenomena of brine penetration through the 
thickness of the dam was applied. The inventory 
of the hydrodynamic state of the tailings storage 
facility is based on the accounting of the influ-
ence of natural and anthropogenic factors on the 
hydrochemical and hydrophysical parameters of 
the dynamics of brine filling up to a critical level. 
The inventory of the tailings storage facility was 
carried out on the basis of visual observations 
and inspection of the object and analytical works 
– data analysis of documentation, interviews of 
personnel, using European methods [Ivanov and 
Kovalchuk, 2020; Vykhryst et al., 2018]. 

The design of the hydro-technical system “tail-
ing storage – direct distribution and outlet chan-
nels” is based on a mathematical model of the wa-
ter balance in conditions of continuous replenish-
ment of ground and surface water and an increase 
in their level. To visualize the proposed technical 
solutions for the hydro-technical reclamation of 
the tailings storage, geo-information technologies, 
software complexes, and tools for analyzing the 
proximity of geospatial objects are used. 

RESULTS AND DISCUSSION

Based on the results of identification and in-
ventory studies, ecological monitoring of the area 
of influence of Stebnyk tailings storage, it was 

established that the main cause of its harmful im-
pact on the environment is the inefficient technol-
ogy of processing polymineral ores, which led to 
the formation of a huge amount of waste, which 
became the cause of an ecological disaster. The 
tailings storage is currently an extremely power-
ful, if not the largest, source of pollution (salini-
zation) of the aquifer, surface watercourses, and 
soil cover in the studied area. Improper operation 
and the lack of an effective system for collecting 
and draining atmospheric water became the main 
reason for the current crisis state of the facility. 

When using the accepted field development 
technology, the liquid waste was pulp from clay 
material, undissolved polyhalite, and halite, and 
brine with a high content of NaCl and potassium-
magnesium salts. In the tailings storage, on the 
one hand, precipitation of the solid phase – clay 
and undissolved salt minerals – and on the other 
hand, crystallization and precipitation of halite in 
the lower, highly mineralized part of the water 
column. The volume of waste was 900 m3 per day 
and, accordingly, 328 thousand m3 per year. The 
salt content in tailings brine increases with depth 
from 157.55 g/l on the surface of the salt pool 
to 436.98 g/l in its bottom part [Bilonizhka and 
Dyakiv, 2009]. The characteristics of brine and its 
chemical composition are given in Table 1. 

The tailings storage facility consists of two 
sections with a total area of about 125 hectares 
(Fig. 1). The area of the first section, which con-
tains the solid phase of enrichment waste, is 69 
hectares. The second section is filled with brine 
and divided by a bridge into two sections – the 
southern section, with an area of 28.9 hectares, 
and the northern section, with an area of 26.9 
hectares. 

According to the data of PJSC Stebnyk Min-
ing and Chemical Enterprise “Polymineral”, the 
tailings storage facility is currently filled to a 
critical level, which increases the risk of a dam 
breach and the flow of brine into the Dniester riv-
er network. The level of brines in the tailings stor-
age facility is recorded at the mark: section No. 1 
– 310.64 m (permissible 312 m); section No. 2 – 
303.38 m (allowable 304 m). The level of brine in 
section No. 2 is approaching the absolute mark of 
304 m (maximum permissible), which creates a 
threat of overflow through the protective dam, or 
a threat of a breach of the dam and damage to the 
protective hydrotechnical structure. The problem 
of overfilling the capacity of the tailings storage 
facility by the enterprise was previously proposed 
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Table 1. Salt composition of brine from the Stebnyk tailings storage facility, g/l, section No. 2, southern section 
[Bilonizhka and Dyakiv, 2009]

Depth, m Ca(HCO3)2 CaSO4 MgSO4 MgCl2(Na2SO4) KCl NaCl The amount 
of salts

Content of K-Mg 
salts, %

0.1 0.16 0.68 27.14 11.91 24.68 92.98 157.55 40.45

0.5 0.09 0.75 39.23 1.21 24.67 121.97 187.92 34.65

1.0 0.12 0.71 42.12 4.58 26.42 135.56 209.51 34.91

1.5 0.19 0.68 44.99 9.09 29.55 124.83 208.79 40.05

2.0 0.16 0.68 45.00 4.54 29.66 129.83 209.87 37.74

2.5 0.25 0.61 65.06 (20.10) 36.23 142.87 265.12 45.79

3.0 0.32 0.54 107.99 (16.59) 55.39 191.32 372.15 48.36

3.5 0.27 0.61 119.13 3.63 63.30 203.02 389.96 47.72

4.0 0.23 0.61 122.00 10.46 67.24 210.59 411.13 48.58

4.5 0.24 0.61 119.13 9.33 65.23 202.34 396.87 48.80

5.0 0.19 0.64 125.37 6.66 67.25 204.02 404.13 49.31

6.0 0.23 0.61 126.26 8.23 67.25 202.14 404.72 49.85

9.0 0.27 0.58 122.30 (46.74) 69.04 198.00 436.98 54.49

Figure 1. Ecological and cartographic model of the hydro-technical network of the projected Stebnyk hydropark: 1 
– saline reservoirs of medium depth; 2 – shallow saline reservoirs; 3 – the boundary of the reservoir during periods 
of intense rainfall; 4 – flat strongly salty surfaces, almost without signs of vegetation; 5 ‒ flat, slightly raised saline 
surfaces of maps with a meadow-swamp stage; 6 ‒ flat raised slightly saline map surfaces with a shrub-grass 
stage; 7 ‒ flat raised low-salt map surfaces with a tree-shrub stage; 8 – individual trees; 9 ‒ mounds; 10 ‒ steep-
walled pits at the site of drained reservoirs; 11 ‒ steep and flat surfaces of the upper parts of dams according to 
[National standard] section No.1, which contains the solid phase of enrichment waste, 12 – the proposed network 
of hydraulic channels; 13 – border of the southern part of section No. 2; 14 – the border of the northern part of 
section No. 2; 15 – siphon pipelines with regulating valves and chambers with flow meters for supplying 
brines from the northern to the southern section of section No. 2.
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to be solved by different authors in different 
ways. The first is the dosed temporary discharge 
of brines into the Dniester river water network 
during the flood period, which is absolutely unac-
ceptable, taking into account the high mineraliza-
tion and toxicity of the brines and the low water 
level of the water network. The second is the in-
creasing the height of the dam of the protective 
hydro-technical structure, which is also unaccept-
able because the mechanical stability of the dam 
is broken due to the active penetration of brines 
through the thickness of the dam. The third is the 
pumping of brines from the tailings reservoir into 
the developed karst voids, which is also unaccept-
able, as it leads to the activation of karst collapse 
phenomena in the adjacent territories. The hydro-
geological and engineering-geological conditions 
of operation of the Stebnyk tailings storage facil-
ity are complicated. Therefore, it is necessary to 
develop and implement methods, concepts, and 
technical solutions that will be aimed at prevent-
ing the level of brines in the tailings storage from 
exceeding and the occurrence of negative con-
sequences for the environment, the population, 
causing material damage. 

In order to prevent an emergency situation due 
to a possible sharp rise in the water level in section 
No. 2 of the tailings storage facility, it is necessary 
to urgently carry out hydro-technical measures to 
organize the interception of surface water from the 
catchment area located above and the removal of 
atmospheric precipitation falling on the area of the 
tailings storage facility. To ensure the environmen-
tal safety of section No. 2, hydro-technical recla-
mation of the tailings storage facility through the 
creation of Stebnyk hydropark, the development, 
and implementation of the project of hydro-tech-
nical structures is expedient. The concept of the 
implementation of the hydro-technical reclamation 
project of Stebnyk tailings storage facility is pre-
sented in Figure 2.

The proposed technical solutions for the hydro-
technical reclamation of the tailings storage facility 
include proposals for designing a network of direct 
distribution and outlet channels on the territory of the 
already dry section No. 1, for the unloading of sec-
tion No. 2 (Fig. 1). Clarified water from section No. 
2 should be diverted to the channels by spillways, 
which can be made as horizontal bypass pipes in the 
body of the internal dam. The drainage algorithm 

Figure 2. Diagram of the implementation process of the hydro-technical 
reclamation project of Stebnyk tailings storage facility
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includes a gradual lowering of the brine level first 
from the southern section, followed by a subsequent 
lowering of the level in the northern section. Ex-
isting siphon pipelines with regulating valves and 
chambers with virgin flow meters are used to sup-
ply brine from the northern to the southern section 
No. 2. Preference should be given to structures that 
allow adjustment of the spillway threshold mark. 
The throughput capacity of spillways must ensure 
the removal of a dangerous volume of clarified wa-
ter from the tailings storage facility. Drainage struc-
tures of the tailings storage facility must be designed 
in accordance with SNiP 2.04.02, SNiP 2.04.03, 
SNiP 2.06.05, DBN B.1.1-25, DBN A.2.2-1.

Structural and technological decisions on the 
design of direct distribution channels and water 
discharge facilities should be made taking into 
account engineering-geological, hydrogeologi-
cal, topographic, and seismic conditions. Consid-
eration the relief of the area, the transport length, 
the width, and depth of the channels, and the soils 
of the base of the projected water network, with 
the determination of the schemes of transportation 
of clarified water, will ensure an ecologically safe 
hydrodynamic state of the system “tailing storage 
– direct distribution and outlet channels”. 

When designing the hydro-technical network 
of structures made of materials whose character-
istics can change significantly over time, as well 
as under the influence of climatic and other fac-
tors, measures must be taken to prevent the devel-
opment of destructive processes in structures and 
foundations. The material used for the construc-
tion of direct distribution and outlet channels, and 
water discharge structures must be strong, durable, 
and corrosion-resistant in relation to clarified wa-
ter from the tailings storage facility. It is necessary 
to take into account the climatic conditions when 
choosing the construction of channels. 

The proposed hydro-technical system consists 
of a tailings storage facility and direct distribution 
channels, a discharge facility, which are determined 
based on the results of calculating the water bal-
ance of the projected network (Fig. 1). The annual 
water balance of the “tailings storage facility – di-
rect distribution and outlet channels” system must 
be developed taking into account the characteristic 
seasons (summer, winter, spring) for an extended 
period of operation, before the implementation of 
technologies for the use of waste stored in the tail-
ings storage facility. 

Clarified water must be diverted from the tail-
ings storage facility using direct channels, and 

overflows, which will also accumulate surface run-
off, the design of which is carried out in accordance 
with DBN B.2.4-1, SNiP 2.01.14, SNiP 2.04.03, 
DBN B.1.1-25. The estimated primary maximum 
water consumption should be calculated taken into 
account the annual probability of excess (security), 
which is handled in accordance with the conse-
quences class (responsibility) of the accumulators 
[Rokochinskiy et al., 2020; National standard; 
Kowalewski and Śpiewanowski, 2020]. For con-
sequences class СС3 (significant consequences) – 
0.1%, for subclass СС2-1 (medium consequences) 
– 1%, for subclass СС2-2 (medium consequences) 
– 3%, for class СС1 (minor consequences) – 5% , 
verification maximum costs – respectively 0.01%, 
0.1%, 0.5%, 1%. According to the local conditions 
of the relief, the surface runoff of water must be 
taken into account in the water balance of the “tail-
ings storage – distributional diversion channels” 
system. When designing water drainage structures, 
direct distribution and outlet channels, the estimat-
ed annual probability of exceeding the maximum 
water consumption is assumed to be 10%. 

The water balance equation (for a certain time 
∆t) of the designed hydro-technical system, under 
conditions of continuous replenishment of ground-
water and an increase in its level, has the form:

 

 , (1)

where:   – the amount of water that is diverted from 
tailings storage No. 2 to unload the dam;

  – the amount of water that enters the 
network of direct distribution and outlet 
channels through filtration;  

  – the amount of precipitation falling on the 
soil surface of tailings storage facility No. 1; 

  – the amount of moisture consumed by 
plants (transpiration); 

  – the amount of moisture evaporated 
from the soil; 

  – the amount of moisture that comes 
from the surface of groundwater when it 
is shallow; 

  – the amount of excess surface water 
that enters the hydro-technical system and 
is retained in it due to irregular water in-
take, flooding during floods, the inflow of 
stormwater and melt water, etc.; 

  – runoff of excess surface water not ab-
sorbed by the soil beyond the boundaries 
of the reclaimed massif and discharge of 
water beyond the boundaries of the system; 
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  – moisture reserve in the soil of the 
reclaimed massif above the groundwater 
level at the beginning of the considered 
time interval Δt; 

  – moisture reserve in the same layer of 
the soil, which can be kept in it without 
flowing into the groundwater and corre-
sponding to the maximum field moisture 
capacity of the soil; 

  – underground inflow within the 
boundary of this area of groundwater, in-
cluding the possibility due to the inflow of 
filtration waters from nearby flooded; 

  – outflow of groundwater beyond the 
boundaries of the reclaimed massif in 
the water intake, or towards neighboring 
lands by lateral spreading. 

The change in the groundwater level ΔH (mm) 
is taken as the average for this massif. The average 
is also the lack of saturation to full moisture content 
or water yield of soils  [Bochever et al., 1965]. 

The proposed hydro-technical system is a 
significant addition to the dust suppression sys-
tem in section No. 1 of the tailings facility and 
takes into account local climatic conditions. Re-
ducing dust emission is a means of protection 
against tailings pollution of atmospheric air, 
plants, soil, and surface water. Dust suppres-
sion technologies are provided at tailings stor-
age facilities, since air pollution may occur with 
a wind speed of more than 5 m/s exceeding the 
MPC of pollutants outside the sanitary protec-
tion zone (SPZ). As practice shows, environ-
mental problems associated with environmental 
pollution by eco-pollutants from tailings ponds 
arise both during the operation of enterprises 
and after their decommissioning [Trakhtengerts. 
2015; Alexandrowicz, 2006]. Harmful sub-
stances enter the environment from tailings due 
to dust formation, deflation, and migration into 
surface waters and underground aquifers. Dust 
formation and deflation make the main contribu-
tion (80%) to environmental pollution from tail-
ings. Deflation leads to the blowing of particles 
from the surface layer, which can be transported 
to a considerable distance and settle in places 
where the lifting force of the wind is weakened. 

The dimensions of the zone of secondary pol-
lution can reach 1 km or more from the tailings 
storage. Over the years, internal dams build-up, 
which affects the distance of dust from their sur-
face. This leads to the need to increase the size of 

the sanitary protection zone of the tailings stor-
age facility, the possibility of deterioration of the 
sanitary and hygienic situation. The probability of 
an ecologically dangerous situation is increasing 
not only at the location of the tailings storage fa-
cility. Due to the increase in the level of the con-
tent of heavy metals in vegetation, the migration 
of eco-pollutants along biological chains occurs, 
as well as the suppression of the vital activity of 
most plants and animals. It is known that when 
the amount of dust is removed by more than 58 
kg per month on 1 ha, the effect of suppressing 
the vital activity of most plants and animals in 
the area is observed. Therefore, it is necessary to 
constantly monitor the state of the sludge fields, 
ensure the hydrological balance of the tailings 
storage facility, ensure protection against wind 
deflation of environmental pollutants from the 
surface of the tailings storage facility. 

To effectively control the dust generation of 
section No. 1, it is necessary to maintain the mini-
mum possible basin area for the entire period of 
operation. Wetting and fixation of the dust-emit-
ting surface will be ensured by maintaining a con-
stant water level on the surface of the designed 
hydraulic system of channels. The most effective 
technology for dust suppression is phytomeliora-
tion, implemented by creating a plant cover on the 
surface of the tailings storage. The recommended 
phytomelioration method of dust suppression is 
based on the results of studies of the vegetation 
cover of section No. 1 [Ivanov and Kovalchuk, 
2020] and own experience of phytomelioration of 
man-made landscapes [Righi et al., 2020]. 

CONCLUSIONS

Stebnyk tailings storage facility is a complex, 
long-term hydraulic engineering facility that is 
not only under the influence of the natural envi-
ronment, but also many social and economic fac-
tors (distribution of responsibility in emergency 
situations, departmental subordination, human 
factors). Management of a tailings storage is a dy-
namic, complex, and interconnected system that 
requires an integrated “state-business” approach 
to environmental protection from the destructive 
consequences of accidents throughout the entire 
life cycle of a tailings storage. For the possibil-
ity of further functioning of the tailings storage 
facility, it is necessary to put into operation an 
effective system of collection and removal of 
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atmospheric precipitation. Since this is the main 
condition for the possibility of operating the tail-
ings storage facility in the future.

The developed concept of hydro-technical 
reclamation of the tailings storage facility through 
the creation of the Stebnyk hydropark will make it 
possible to ensure: control over the level of brines 
and discharge of water from the tailings storage 
facility; absence of violations of the ecological 
balance and quality characteristics of water and 
water bodies; scientifically based values of pollut-
ant concentrations and water quality indicators in 
the proposed hydro-technical network; compliance 
with sanitary and hygienic norms in the locations 
of water supply sources and water use; ecological 
safety of people’s life and water ecosystems of the 
water network of the Dniester river basin; achiev-
ing and maintaining the appropriate ecological and 
chemical state of surface and underground water 
bodies. The proposed hydro-technical network will 
perform a significant dust-suppressing function, as 
it will reduce the area of dust emission from the 
dry surface of section #1 of the tailings storage. 

The practical implementation of the developed 
project proposals will ensure an ecologically safe 
hydrodynamic state of the “tailings storage – direct 
distribution and outlet channels” system, which 
will eliminate the threat of brine overflow through 
the protective dam, or the threat of dam breach and 
brine flow into the Dniester river network. 

REFERENCES

1. Alexandrowicz Z. 2006. Geoparki – nowe wyzwa-
nie dla ochrony dziedzictwa geologicznego. Przeg. 
Geologiczny, 54(1), 6–41.

2. Association Agreement between Ukraine and the 
European Union. https://www.kmu.gov.ua/diyal-
nist/yevropejska-integraciya/ugoda-pro-asociacyu 
(in Ukrainian)

3. Baberschke N., Irob K., Preuer T., Meinelt T., and 
Kloas W. 2019. Potash mining effluents and ion 
imbalances cause transient osmoregulatory stress, 
affect gill integrity and elevate chronically plasma 
sulfate levels in adult common roach, Rutilus ru-
tilus. Environmental Pollution, 249, 181–190. doi: 
10.1016/j.envpol.2019.03.004.

4. Baberschke N., Schulzik L., Preuer T., Knopf K., 
Meinelt T., and Kloas W. 2019. Potash mining ef-
fluents and ion imbalances cause transient stress in 
adult common roach, Rutilus rutilus. Ecotoxicol-
ogy and environmental safety, 180, 733–741. doi: 
10.1016/j.ecoenv.2019.05.069.

5. Bidira F., Asmelash Z., Kebede S., and Bekele A. 
2022. Phosphate and nitrate removal from coffee 
processing wastewater using a photoelectrochemi-
cal oxidation process. Journal of Environmen-
tal and Public Health, vol. 2022, 4382491. doi: 
10.1155/2022/4382491.

6. Bilonizhka P., Dyakiv V. 2009. Chemical and min-
eral composition of potash ore beneficiation wastes 
of the Stebnyk deposit and their impact on the envi-
ronment. Bulletin of Lviv. UN-TU Series of Geol., 
23, 162–174. (in Ukrainian)

7. Bochever F.M., Garmonov I.V., Lebedev A.V., and 
Shestakov V.M. 1965. Fundamentals of hydrogeo-
logical calculations, Nedra. Moscow. (in Russian)

8. Carcavilla L., Durán J. J., García-Cortés Á., López-
Martínez J. 2009. Geological heritage and geoconser-
vation in Spain: Past, present, and future. Geoheritage, 
1(2–4), 75–91. doi: 10.1007/s12371-009-0006-9.

9. Černoch P. and Košťál J. 2019. Preparations for re-
mediation of a former surface mine – a technical 
reclamation area. Acta Polytechnica CTU proceed-
ings, 23, 14–19. doi: 10.14311/APP.2019.23.0014.

10. Dyakiv V.O., Bilyk N.Т., and Datsyuk Yu.R. 2015. 
Experimental modeling of the interaction of salt and 
clay aerosols and mineralogical assessment of the 
suitability of the atmosphere of the mine No. 1 of 
Stebnyk MCE Polymineral for speleotherapeutic 
treatment. 2nd International Scientific and Practi-
cal Conference Subsoil use in Ukraine. Prospects 
for Investing, Ukraine, Truskavets, 270–275.

11. Dzhumelia E. and Pohrebennyk V. 2021. Methods of 
soils pollution spread analysis: Case study of mining 
and chemical enterprise in Lviv region (Ukraine). 
Ecological Engineering and Environmental Technol-
ogy, 22(4), 39–44. doi: 10.12912/27197050/137872.

12. Fazekašová D. et al. 2021. Soil contamination in the 
problem areas of agrarian Slovakia. Land, vol. 10, 
no. 11. doi: 10.3390/land10111248.

13. Goshovsky S.V., Rudko H.I., and Presner B.M. 
2002. Ecological safety of techno-natural geosys-
tems in connection with the catastrophic develop-
ment of geological processes, Nichlava. Lviv, Kyiv. 
(in Ukrainian)

14. Haydin A.M., Dyakiv V.O., and Zozulya I.I. 2012. 
Brine in flooded potash mines of Precarpathia, 
Chemical industry of Ukraine, no. 3 (110), pp. 32–
38. (in Ukrainian)

15. Ivanov Ye. 2018. Problems of reclamation and phy-
tomelioration of geosystems of potash deposits of 
Precarpathia. Trends and prospects for the develop-
ment of science and education in the conditions of 
globalization. Proc. of the 34th International sci-
ence and practice Internet conference, Pereyaslav-
Khmelnytskyi, 34, 16–19. (in Ukrainian)

16. Ivanov Ye. and Kovalchuk I. 2020. Analysis of the 
formation of plant communities within the limits 



130

Ecological Engineering & Environmental Technology 2023, 24(2), 120–130

of the Stebnytskyi tailings repository based on the 
interpretation of space images. Proceedings of the 
VIII International Scientific and Practical Internet 
Conference “Global and Regional Problems of In-
formatization in Society and Nature Use ‘2020’, 
Kyiv, 186–189. (in Ukrainian)

17. Kosichenko Y.M. and Baev O.A. 2020. Hydraulic 
efficiency of irrigation channels in the course of 
operation’, Vestnik MGSU, 15(8), 1147–1162. doi: 
10.22227/1997-0935.2020.8.1147-1162.

18. Kowalewski O. and Śpiewanowski P. 2020. Stock 
market response to potash mine disasters. Journal 
of commodity markets, 20, 100124. doi: 10.1016/j.
jcomm.2020.100124.

19. Kumari S. and Maiti S.K. 2019. Reclamation of 
coalmine spoils with topsoil, grass, and legume: a 
case study from India. Environmental earth scienc-
es, 78(14), 1–14. doi: 10.1007/s12665-019-8446-2.

20. Lee S.-H., Ji W., Yang H.-J., Kang S.-Y., and Kang 
D.M. 2017. Reclamation of mine-degraded agri-
cultural soils from metal mining: lessons from 4 
years of monitoring activity in Korea. Environmen-
tal Earth Sciences, 76(20), p. 720. doi: 10.1007/
s12665-017-7076-9.

21. Mokryi V.I., Grechanyk R.M., Moroz O.I., Petrushka 
I.M., and Kravtsiv R.V. 2018. Environmental safety 
of the hazardous waste management system of the 
Stebnytsky tailings repository. National Forum 
“Waste Management in Ukraine: Legislation, Econ-
omy, Technologies”, Kyiv, 108–110. (in Ukrainian)

22. National standard of Ukraine for determining the 
class of consequences (responsibility) and category 
of complexity of construction objects DCTU-Н B 
V.1.2-16:2013. [Online]. Available: https://www.
minregion.gov.ua/wp-content/uploads/2016/01/
DSTUNBV.1.216.pdf (in Ukrainian)

23. Ozbay G., Jones M., Gadde M., Isah S., and Attarwala 
T. 2021. Design and operation of effective landfills 
with minimal effects on the environment and human 
health. Journal of Environmental and Public Health, 
vol. 2021, 6921607. doi: 10.1155/2021/6921607.

24. Petrochenko V.I. and Petrochenko O.V. 2022. Sys-
tematization of floods and anti-flood measures. 
Reclamation and Water Management, 1, 50–59. doi: 
10.31073/mivg202201-317. 

25. Pohrebennyk V. and Dzhumelia E. 2020. Envi-
ronmental assessment of the impact of tars on 
the territory of the rozdil state mining and chemi-
cal enterprise “Sirka” (Ukraine). Studies in Sys-
tems, Decision and Control, 198, 201–214. doi: 
10.1007/978-3-030-11274-5_13.

26. Regional report on the state of the natural environ-
ment in the Lviv region in 2008. (in Ukrainian)

27. Revega O. 2006. Induction of chromosomal aberra-
tions by liquid waste from the production of Stebnyk 
DHHP “Polymineral” in the Allium test, Visnyk of 
Lviv Univ. Biological Series, 41, 46–53. (in Ukrainian)

28. Righi R., Samoili S., Cobo M.L., Baillet M.V.-P., 
Cardona M., and Prato G. De. 2020. The AI techno-
economic complex System: Worldwide landscape, 
thematic subdomains and technological collabora-
tions. Telecommunications Policy, 44(6), 101943.

29. Rokochinskiy A.M., Volk P.P., Koptyuk R.M., 
and Prykhodko N.V. 2020. Water need formation 
on the drained lands in the variable climatic, agri-
cultural and ameliorative conditions. Reclamation 
and Water Management, 1, 76–85. doi: 10.31073/
mivg202001-231. (in Ukrainian)

30. Rudko H.I., Shkitsa L.Ye. 2001. Technogenic and 
ecological safety of salt-extracting mining com-
plexes in Precarpathia. Environmental ecology and 
life safety, 5–6, 68–71. (in Ukrainian)

31. Trakhtengerts H.Ya. 2015. Environmental impact of 
waste storage facilities of the mining and beneficia-
tion complex of Ukraine. Environment and health, 
no. 2, pp. 58–61, 2015. (in Ukrainian)

32. Tsaitler M.Y., Skrobach T.B., and Senkiv V.M. 2009. 
Problems of restoring the biotic cover of man-made 
territories in the region of Truskavetsko-Skhidnytsia 
recreation zone. State and biodiversity of ecosystems 
of the Shatskyi National Nature Park: Mater. of sci-
ence conference, Lviv, pp. 65–67. (in Ukrainian)

33. Varlamov A.A., Kozlov S.S., Lipnytskyi V.K., Khod-
kov A.E. 1971. Hydrogeological conditions of the 
Stebnyk deposit of potassium salts. Mat. in hydroge-
ology and geol. the role of underground waters, Pub-
lishing House of LSU, Lviv, 124–132. (in Ukrainian)

34. Vergara Á., Palma S., Álvarez A., and Zandarín M. 
T. 2022. Hazards in mining: A novel model for the 
prediction of run-out distances in tailings dams us-
ing CFD. International Journal of Rock Mechanics 
and Mining Sciences, 153, 105049. doi: 10.1016/j.
ijrmms.2022.105049.

35. Vykhryst S., Mudra K., Osiiskyi E., Skoblei M., 
and Yarosevich O. 2018. Methodological recom-
mendations for determining the main anthropogenic 
loads and their effects on the state of surface waters. 
[Online]. Available: https://www.davr.gov.ua/fls18/
mvod1.pdf (in Ukrainian)

36. Wang J., Wu F., Shang J., Zhou Q., Ahmad I., and 
Zhou G. 2022. Saline soil moisture mapping us-
ing Sentinel-1A synthetic aperture radar data and 
machine learning algorithms in humid region of 
China’s east coast. Catena (Giessen), 213, 106189. 
doi: 10.1016/j.catena.2022.106189.

37. Wang J., Zhang Q., Li M., Liu H., and Zhu C. 2021. 
Effect of compressive behaviours of tail salt filling 
materials on roof deformation in potash mine. Ad-
vances in Civil Engineering, vol. 2021, 1–10. doi: 
10.1155/2021/6678258.

38. Zhyrnov P., Tomchenko O., Pidlisetska I., and Myko-
laienko O. 2021. Analysis of the geoecological situa-
tion in Kalush: current situation and ways of solving 
the problem. Geodesy and Cartography (Vilnius), 
47(4), 170–180. doi: 10.3846/gac.2021.13256.


