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SUMMARY

The mining regions of Ukraine have specific hydroecological problems, which are most often
associated with the pumping of mine waters of abnormal chemical composition and increased
mineralization compared to water in surface water bodies. Its accumulation in ponds and
tailings storage facilities causes the formation of hydrochemical anomalies. The situation
worsens even more when mine waters are discharged into surface water bodies.

The purpose of the study is to assess the ecological risk of discharge of mine water from the
storage pond (Svystunov creek, Kryvbas) into the Inhulets river for 2005-2021. Intermediate
calculations of the specific discharges of mine water in the specified period, the background
mineralization of water in the Inhulets river nearby Novoselivka village.

It was established that during the time selected for research, the environmental impact from
the discharge of mine waters into the river increases. This happens due to the increase in the
mineralization of the discharged mine waters (from 33.9 g/dm? to 42.3 g/dm?) and the supply
of mine waters to the river (from 0.9 m*/s to 1.52 m%/s). The proposed options for the disposal
of mine waters have been analyzed. The most effective option is their demineralization.
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Introduction

The mining industry has a significant impact on the environment, as it works with the elements of the
lithosphere, hydrosphere and biota. The discharge of mine waters into water bodies is one such
direction of influence, which may increase in connection with possible climate changes (Khilchevskyi
et al., 2020) and a tense situation with water resources (Khilchevskyi et al., 2022b).

To minimize such impacts, environmental risk assessments from the operation of similar enterprises
are currently widely used. Environmental risk refers to the probability of degradation of
environmental components or their transition to an unstable state due to the action of man-made
factors (Bogomaz et al., 2021). Currently, various methods of environmental risk assessment are used
both for different enterprises and for different components of landscapes. The disposal of mine water
in Kryvbas is one of the important hydroecological problems. Although, as a result of the aggressive
war launched by Russia against Ukraine on February 24, 2022, a number of environmental problems
related to water resources arise (Khilchevskyi et al., 2022a; Shumilova et al., 2023).

The purpose of this study is to quantitatively assess the ecological impact during the operation of the
storage pond in the Svystunov creek on the hydrochemical regime of the Inhulets river in the area of
the Kryvbas iron ore basin.

Research materials and methods

The research is based on the results of the hydrochemical monitoring of the state-owned enterprise
"Ukrchormetgeology", which was carried out as part of the hydro-ecological monitoring of mining
enterprises in Kryvbas (2005-2021). Researchers applied normative documents, which are the
regulations for the discharge of surplus return waters of mining enterprises of Kryvbas (2016-2021).
Data processing is based on the statistical methods.

Results

Iron ore has been mined in Kryvbas for more than 130 years and is accompanied by the discharge of
mine and quarry waters into water bodies. It should be noted that the mineralization of such waters is
significant and can reach 160 g/dm?® (Batkivshchyna mine). The disposal of such waters is one of the
main hydroecological problems of Kryvbas.

In 1976, a storage pond was built in the Svystunov creek for the accumulation of mine waters from
the southern group. Mine water constantly flows into the pond. The temporarily permitted maximum
volume of mine water accumulation is 7.75 million m?, and the water mineralization in the pond
reaches 42 g/dm?® (2021). According to the decision of the Cabinet of Ministers of Ukraine, water is
discharged from the pond into the Inhulets river during the inter-vegetation period (Fig. 1). The
beginning of discharges is considered to be the previous release of water from the Karachuny
reservoir. During the growing season, the Inhulets river is flushed with water from the Karachuny
reservoir. The Karachuny reservoir is replenished with water from the Dnipro river through the
Dnipro-Inhulets canal. This scheme of discharge of highly mineralized mine waters from the storage
pond with subsequent washing of the Inhulets river leads to deterioration of hydrochemical and
hydroecological conditions. The State Water Resources Agency of Ukraine and the Ministry of
Environmental Protection and Natural Resources of Ukraine have repeatedly drawn attention to this.

1. Formulas for determining the environmental impact of mine water discharges on river water
mineralization and environmental risk
For the quantitative assessment of the ecological impact from the discharge of mine waters into the
Inhulets river, researchers use the next formula (Bogomaz, Zavialova, 2021):
C

med = .L;J;:"' a tosp > (1)
where Kmwa 1s the coefficient of deterioration of river water quality from the discharge of mine waters;
Vi - flow rate of water discharged from the storage pond to the Inhulets river, m%/s; C - mineralization
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of discharged water, g/dm?; Cy - background mineralization in the Inhulets river, g/dm?; t - time of
operation of the storage pond, years.
It is advisable to estimate the ecological risk (K) by specific values, according to the formula:

K= gﬂ 100%,

1 @)
where Knwa i 18 the environmental impact of mine water discharges during the year; Kmwa 1 -
environmental impact of mine water discharges in the first year of the study (2005).

To perform calculations according to formula (1), it is necessary to determine some values, namely,
Vi (water supply from the storage pond to the Inhulets river) and Cy, (background mineralization).
According to the regulations for the discharge of excess return water of Kryvbas mining enterprises,
the flow of water from the storage pond in the Inhulets river can vary depending on the discharge time
from 0.55 m3/s to 1.6 m?/s.

Novoeselivka
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Starodobrovilske Mirie waters
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Mine waters
storage pond
Svystunovo

Figure 1 Scheme of the location of the water pipeline for the discharge of mine waters from the
storage pond (Svystunov creek) into the Inhulets river

Table 1 represents the return water discharge regime according to the 2017-2018 regulation with a
discharge duration of 115 days (Regulations, 2017).

Table 1 Regulations for the discharge of mine waters from the storage pond (Svystunov creek) into the
Inhulets river

Time t from the start of discharge, day Water consumption, m*/s
6 0,55
7-11 0,80
12 - 60 1,60
61 -120 0,73

2. Determination of the specific (weighted average) flow of water from the storage pond

It is incorrect to take the average value of water consumption into the calculation of the environmental
impact, since the discharge time at a certain rate varies from 1 day to 60 days. The most acceptable is
the calculation of the specific (weighted average) water consumption (Vg ) from the storage pond
according to the formula:
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where Vi1, Viro, Virn - flow of water coming from the storage pond for 1, 2, n time interval, m3/s; t,
t2 , ta - water supply intervals, day.

Thus, the value of the specific water consumption from the Svystunov creek storage pond for 2017-
2018 is 1.1 m?/s, calculated according to formula (3). Specific water consumption for the period 2005-
2021 was calculated in the same way.

Vf:'s

3. Determination of background water mineralization of the Inhulets river

The background concentration of the Cy, substance is understood as the statistically justified upper
confidence limit of the possible average values of this substance in the body located above the
wastewater discharge (Kationovska, Stus, 2019):

C,=C+22” 6

where C is the average mineralization of the river water in the catchment, g/dm?; Zy, - the critical
value of the Student’s t-test coefficient at the level of significance a=5%; k - degree of freedom, k =
M - 1; M - length of a series of hydrochemical observations, years; ¢ is the root mean square
deviation of water mineralization in the river.

The background value calculated by formula (4) is 2.7 g/dm?. This amount of background
mineralization was chosen for further calculations.

4. Determination of the environmental impact of mine water discharges on the mineralization of the
water of the Inhulets river and the environmental risk

To perform calculations according to formula (1), data on the chemical composition of water in the
Svystunov creek storage pond from the regulations (Ukrvodproekt, 2020) were used.

So, for example, the ecological impact from the discharge of mine water from the storage pond in
2015-2016 is:

C 35.2
= T{},C—h tosp = l.l]ﬁE? = 508.4.
In this way, calculations of the environmental risk from the discharge of mine waters for 2005 to 2021
were performed.
Environmental risk for 2015-2016 is calculated according to formula (2):
_508.4 o/ o

K= 339.0' 100%= 150 % .
The results of environmental risk calculations are presented in the form of a graph (Fig. 2).
The analysis of formula (1) and the graph in Figure 2 shows a constant increase in the amount of
environmental risk, which is associated with an increase in the operating time of the storage pond.
However, the graph (Fig. 2) shows that in 2015-2016 there was a slight increase in environmental risk,
which is associated with an increase in the mineralization of water in the storage pond (33.9 g/dm?® in
2005 to 35.2 g/dm? in 2015). An even greater increase in the amount of environmental risk was observed
in 2018-2019, which is due to the further increase in the mineralization of water in the pond (up to 42.3
g/dm? in 2021) and the supply of water from the storage pond to the Inhulets river (from 1 m¥/s to 1.52
m?/s). In the 2020-2021 Regulation (Ukrvodproekt, 2020), three water supply options are proposed with
flow rates of 0.9 m3/s, 1.1 m3/s and 1.52 m?/s. The value of 1.52 m?3/s was taken into account.

K

mwd

Conclusions
Currently, the following options for handling Kryvbas mine waters have been developed and are being
discussed: 1) discharge of water from the storage pond into the Black Sea; 2) discharge of water from
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Figure 2 Graph of environmental risk values

the storage pond into the Dnipro river; 3) demineralization of mine waters and disposal of the final
product; 4) obtaining solid material: mixing mine water or mine water concentrate with appropriate
binding components and burial in dumps; 5) dilution of mine waters with purified wastewater and
partly with water from the Dnipro river for permanent discharge into the Inhulets river;
6) decentralized utilization of mine waters by mining companies using their own resources.
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