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SUMMARY

The article presents the results of research on the hydrogeological and hydrogeochemical
conditions of the gravel and pebble aquifer in the territory of the Kalush-Golynsky potash
deposit. Based on chemical analyses of samples collected in 2019-2023, the dynamics of
mineralisation and components of the chemical composition of groundwater in the gravel and
pebble aquifer and surface water in hydraulic engineering structures, that are sources of
pollution, were determined. The salinity halo of the aquifer downstream of the groundwater
flow from the site of hydraulic engineering structures that were part of the mining cycle
during operation and currently contain brines was identified: tailings ponds No. 1, 2 and 3
and sludge pond. It has been established that salt dumps No. 1 and No. 4 are a powerful
source of groundwater pollution.

It 1s proved that increased values of groundwater mineralization are observed in a group of
wells located in the zone of direct influence of hydraulic structures. The results of the study
were used for further refinement of the geofiltration model and for predicting the salinization
of the gravel and pebble aquifer.
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Introduction

In the conditions of operation of the Kalush-Golynsky potash deposit and in the conditions of post-
mining, under the influence of mine openings, dumps, tailings and sludge ponds, there is a significant
salinisation of the gravel and pebble aquifer, which is described in (Kuzmenko and Bahriy, 2013).
The authors (Dovhyi et al., 2022, Malkova et al., 2022, Malkova et al., 2021) studied the chemical
composition of brines from the Dombrovsky quarry during and after its operation. Under these
conditions, it is important to develop measures to protect the main drinking water aquifer from
pollution. In order to determine the levels and directions of salinity spread, as well as to predict
changes in hydrogeological and hydrochemical conditions, the authors made a number of
hydrogeological observations in 2021-2023 (Malkova et al., 2023, Malkova et al., 2022). These works
formed the basis for the creation of a mathematical model of hydrogeological conditions (Sosonna et
al., 2023) and can be used to develop measures to protect the gravel and pebble aquifer from
pollution.

The aim of the study is a comprehensive investigation of the hydrogeological conditions and
hydrogeochemical regime of the gravel and pebble aquifer to predict the salinisation of drinking
groundwater by highly mineralised water contained in hydraulic structures.

Research methodology

Water samples were collected to study the chemical composition of groundwater and surface water in
2021 and 2022. The waters of the gravel and pebble aquifer are predominantly chloride, less often
sulfate-chloride, calcium-sodium, and rarely magnesium-sodium. The thickness of the gravel and
pebble layer of the floodplain terraces ranges from 3 to 18 m. The biggest thickness is observed in the
areas of modern or old beds of the Sivka and Mlynivka rivers. According to the data collected and
analysed by the authors of previous years, on the basis of which the mathematical model of the
territory was built, the average thickness of the gravel and pebble aquifer along the perimeter of the
Dombrovsky quarry is 8 m (Fig. 1). The aquifer is recharged by infiltration of precipitation, water
losses from tailings ponds, sludge ponds and storage tanks.
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Figure 1 Geological and hydrogeological section

In addition, to determine the hydrochemical conditions of groundwater and surface water the results
of chemical analyses for 2019-2020 by NOOSFERA LLC (Zvit, 2020, zvit 2019) and for 2021 and
2023 by Ivano-Frankivsk University of Oil and Gas (Zvit, 2023, zvit, 2021) were analysed.
Groundwater samples were collected from observation wells. The wells were pumped before
sampling. Water sampling during well pumping amounted to 3-4 volumes of water column in the
well. The authors also took samples from surface natural waters (SNW) of the Sivka river, Mlynivka
river and Limnytsia river and hydraulic engineering structures (HES): in the Dombrovsky quarry, ring
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drainage trench (RDT), sludge pit (SP) and tailing pit No. 2 (TP). The results of measuring
groundwater salinity in the observation wells are shown in Fig. 2.
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Results

Taking into account the above dynamics of mineralisation changes by observation points, the largest
increases in mineralisation in 2021-2023 were observed in wells No. 9 and No. 11. On the contrary,
the mineralisation of well No. 10 significantly decreased based on the results of sampling in 2023. In
a number of wells No. 8 and No. 7, mineralisation also decreases depending on the distance to the
source of contamination, 2,890 g/l and 0,22 g/1, respectively.

Taking into account the above material and chemical analyses performed in 2019-2023, a map of
groundwater salinity in the gravel and pebble aquifer was constructed (Fig. 3). The analysis of the
mineralisation distribution allows us to identify the sources of contamination of the gravel and pebble
aquifer. A salinity halo is distinguished downstream of the (TP) No. 1, 2 and 3 and SP. In accordance
with the distance of the wells from this source of contamination, groundwater salinity consistently
decreases in the range of 59,900 g/l (No. 9), 24,400 g/l (No. 11) and 3,519 g/l (No. 10).

Another significant source of groundwater pollution is salt dumps No. 1 and No. 4. The infiltration of
precipitation through these soils leads to the dissolution of salts and their release into groundwater
either directly through the aeration zone or through the loss of salt water from the drainages arranged
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at the bottom of the salt dumps. The influence of salt dumps on groundwater salinity in the area of
well No. 16 is confirmed by the results of the isotope method. The ratio of deuterium to the heavy
isotope of oxygen (**0) corresponds to atmospheric precipitation, not to the water of the Dombrovsky
quarry (Malkova et al., 2023). The mineralisation in the water samples from well No 124 is
unexpectedly high (up to 5,836 g/1), with no known sources of contamination. It is likely that this well
is ‘pulling up’ brines from the gypsum-clay ‘cap’ during pumping before water intake. The design of
this well is unknown, so a more detailed analysis of the reasons for this can be carried out with further
observations. The lowest salinity (less than 1 g/l) of groundwater was observed in samples from wells
4,6,7,12, 7, 17, 20, 24, 61, 74, 75 and 212, which are located outside the influence of significant
sources of aquifer contamination or have negligible influence. According to our own research and
other study results, the sources of aquifer contamination localised in the KS and NW have a salinity of
109,936 g/1 (KS) - 140,840 g/l (NW).
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Figure 3 Map of groundwater mineralisation in the gravel and pebble aquifer for 2022-2023 in the
area of the Kalush-Golynsky potash deposit.
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Conclusions

The hydrogeological conditions of the gravel and pebble aquifer, which is the only source of drinking
water in the Kalush region, were investigated. In 2021, in order to determine the levels and directions
of salinity spread, as well as to predict changes in hydrogeological and hydrogeochemical conditions,
water samples were collected from observation wells located in the drainage zone of the Dombrovsky
quarry, as well as from hydraulic structures, and groundwater levels. The dynamics of mineralisation
changes, and sources of pollution of the gravel and pebble aquifer were determined. A mineralisation
map of the study area was created. The salinity zone downstream of the tailings ponds No. 1, 2 and 3
and sludge pit is identified. Groundwater salinity is 59,900 g/l (No. 9), 24,400 g/l (No. 11) and 3,519
g/l (No. 10), respectively. Elevated salinity values are observed in the group of wells located in the
area of direct impact of pollution sources. The upward trend in salinity remains in wells No. 9, 11, 13,
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124, 212. A downward trend in mineralisation is observed in wells No. 6, 7, 8, 10, 12, 17, 20, 24. It
has been established that the impact of brine leakage from the Dombrovsky quarry will not affect the
pollution of the Dobrivliansky water intake, the only source of drinking water supply for Kalush and
nearby settlements (Fig. 3). Further monitoring is required to predict the salinity of the gravel and
pebble horizon.
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