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SUMMARY

Dynamics of chemical composition of Dombrovsky quarry of Kalush-Golinsky potassium
salt deposit during operation and after its decommissioning was analyzed. The change of
hydrochemical conditions in the mining excavation is predicted. Insignificant changes in the
concentrations of major brine ions during 1968-2007 are observed. Over the last decade,
concentrations of major ions have decreased from 2. 4 to 9. 4 times. Since 2008, the tendency
of the water surface layer desalinization of Dombrovsky quarry has been determined. The
rate of salinity reduction per year is 0. 4 g/L. If the rate of the quarry filling is maintained, the
water mirror will rise in 5 years to a maximum mark of 295 m. The predicted salinity in 2027
is 16. 3 g/L. The conclusion on the threat of contamination of the gravel-pebble aquifer used
for local water supply with brines of the Dombrovsky quarry was made.
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Introduction and Theory

Significant environmental pollution in the area of Kalush (Ivano-Frankivsk region) of Ukraine occurs
as a result of the consequences of both the development of Kalush-Golynsky potassium salt deposit
and the process of its unorganized decommissioning.

The Dombrovsky open pit was operated from 1967 to 2005. In 2008, dewatering was stopped after the
flooding and breakthrough of surface water of the Sivka river into the quarry. Since then, the level of
brines began to rise at a rate from 6.3 m/year during 2008-2010 to 1.5 m/year during 2012-2022
(Haidin and Diakiv, 2012). In May 2018, it reached a value of 280.24 m (Zvit, 2018), and in August
2022, according to the decoding of satellite images, +287 m. Currently, the quarry serves as a
groundwater drain. Groundwater levels outside the drainage influence are 294 m (well 10) on the
north and 291.5 m on the south (well 16) (fig. 1). The quarry has a developed area of 50.4 mln m’
(Haidin and Diakiv, 2012). The volume of brines at the beginning of 2020 was 26.89 min m’.
Mineralization in the bottom part was 400 g/L, in the surface layer of water in 2012 was 108 g/L
(Haidin and Diakiv, 2012), in 2021 — 20,32 g/L (Zvit, 2021). The maximum safe filling volume is 41
mln m® (Zvit, 2018). This corresponds to a water level of 295 m in the quarry.

The authors (Malkova et al., 2021) noted that after complete flooding of the quarry and partial
restoration of regional groundwater flow, the amount of water coming with precipitation minus
evaporation and with groundwater will be equal to the filtration of highly mineralized water into the
gravel-pebble aquifer. The authors predict that the depth of variation of seasonal changes in the upper
layer will be approximately to 20 m. Mineralization of upper layer water will vary from 3 to 30 g/L
depending on hydrometeorological conditions of the region.

Other researchers (Haidin and Diakiv, 2012) predict that a freshwater layer 17 m thick will form in
the quarry between 278 and 295 m. The mark of 278 m is due to the fact that this is the roof level of
the saline strata. As a result of the density difference, the fresh water spreads over the brines, almost
not mixing with them. So, the ingress of water from the quarry into the groundwater will not pose a
danger to the environment and the life of the population.

The analogues where the processes of stratification of the water column into fresh and salt water
occurred are Mogilnoye Lake (Russia), Tereblya Lake (Transcarpathia), Big Soda Lake (USA)
(Haidin and Diakiv, 2012). A clear stratification with a pronounced thermocline is observed in the
mentioned lakes. However, the hydrogeological, hydrological and geological conditions of these lakes
are slightly different from those of the Dombrovsky quarry (Malkova et al., 2020), the only one in the
world for open-pit mining of potassium salts. Therefore, this issue requires more in-depth research
taking into account the specific features of this object.

The aim of the work is to study of the chemical composition dynamics of the brines of the
Dombrovsky quarry according to the literature and the data obtained by the authors to confirm or
refute predictions of changes in the hydrochemical conditions in the quarry, which will determine the
danger level of the potential source of pollution of the gravel and pebble aquifer.

Results

To analyze the chemical composition of the upper layer of brines of the Dombrovsky quarry, the data
of the State Enterprise «Potassium Plant» (Kalush), Ivano-Frankivsk National Technical University of
Oil and Gas, State Institution «Radioenvironmental Centre of Ukraine of the National Academy of
Sciences of Ukraine» (Kyiv), State Institution «The Institute of Environmental Geochemistry of NAS
of Ukraine» were used. As can be seen from Fig. 3, during 1968-2007, there were mainly minor
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changes in the concentrations of major ions. During this period, water levels in the excavation were
stable, due to drainage that ceased in 2008 (Malkova and Dolin, 2020).

As aresult, after the flood a decrease in concentrations of major ions between 2007 and 2010 from 1.8
to 9.4 times was recorded. During 2010-2022, concentrations of major ions further decreased from 2.4
to 9.4. During the period of 2018-2022, sodium ion concentrations decreased almost twice (Fig. 3).
The concentration of chlorine ion, which occupies a 77%-eq. fraction in solution, and mineralization
during the same period decreased by 1.5 times (fig.2, 3). That is, the rate of mineralization decrease
over the year is 0.4 g/L. As mentioned above, as of August 2022, the brine level mark is 287 m. In
case the rate of water level increase in the quarry will continue, the water surface will rise up to the
mark of 295 m for 5 years, that is, by 2027.
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Figure 1 Hydroisogyps map for September, 2021
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During this period, mineralization can decrease to the level from 18.3 to 16.3 g/L. This is a very
conservative forecast. because for the year according to samples from 09.2021 and 08.2022
mineralization and concentrations of major ions almost did not change. That is, according to the
available data, there is a decrease in the rate of desalinization of the upper layer of water in the
Dombrovsky quarry. It is clear that water mineralization will be significantly higher with depth. This
means that the predictions (Haidin and Diakiv, 2012) regarding the formation of the freshwater layer
between the 278-295 m mark are not justified. As a result, if the water level in the quarry rises above
groundwater levels (in 2022 - 291.5 m), the quarry brines will become a significant source of
pollution of the gravel and pebble aquifer, which is the only source of drinking water supply for
Kalush and other villages.
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Figure 2 Dynamics of mineralization at the brine surface (author’s simulation according to
experimental data of State Enterprise “Potassium Plant” (Kalush), Ivano-Frankivsk National
Technical University of Oil and Gas, Institution “GIRCHIMPROM” (Lviv), State Institution
«Radioenvironmental Centre of Ukraine of the National Academy of Sciences of Ukrainey» (Kyiv),
State Institution “The Institute of Environmental Geochemistry of NAS of Ukraine (Kyiv)

180
160

140

=

*120

=

2

=100

=} ——la+

c

80

L =—(l-

=

Q

o 60

40

20

0
W O N F O 0 O N T O 0 O F & W O N T O W0 O N S W W o N
(=T S S o S R = N « < B « < B+ < B« < B T = T = I = B ) B e Y e R = B = T = T e e T O IO o R o
[=2 T =) N =) T = TR = T = I = T = N = T = N = T = N O = T = O = IO = ) B = Y = Y = Y = T = T = T = I = T == = T = I = |
HHHHHHHHHHHHHUE{HNNNNNNNNNNNN

Figure 3 Dynamics of sodium ion and chlorine ion concentrations in samples from the water surface
layer of the Dombrovsky quarry
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Conclusion

The chemical composition dynamics of the brines of the surface layer of the Dombrovsky quarry
during the development of potash ore and after the decommissioning of the Kalush-Holinsky deposit
are analyzed. After the flood of 2008, there is a steady trend of water desalination in the mining pit.
As of August 2022, the mineralization of the surface layer of water in the northern and southern parts
of the quarry was 18.3 g/L. The rate of reduction of mineralization per year is 0.4 g/L. Therefore, if
the rate of water filling in the quarry is maintained to the maximum mark of 295 m in 2027, the
mineralization of the water surface layer will be about 16.3 g/L. It was determined that if the level of
quarry’s water rises above the level of underground waters (by 2022 — 291.5 m), pit brines will
become a significant source of pollution of the gravel-pebble aquifer, which is the only source of
potable water supply for the city of Kalush and other villages .
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