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ANALYSIS OF CHANGES IN GROUNDWATER QUALITY IN AREAS OF MINERAL
RESOURCE EXTRACTION IN WESTERN AND CENTRAL UKRAINE

Abstract. It is a well-known fact that the qualitative characteristics of the environment change during the extraction
of mineral resources. Land resources and the water environment are most affected. The purpose of the study is to identi-
fy the factors that affect water quality changes in areas of mineral resource extraction. Based on long-term research into
the chemical composition of quarry, recycled, and wastewater from industrial processes, groundwater and surface natu-
ral water, an analysis of changes in their quality has been conducted. The study utilized monitoring data of the water
environment around sand, graphite, ilmenite, and iron ore deposits in Ukraine. It was found that the most significant
changes in the water environment occur around iron ore deposits. The main factors that determine the scale of changes
in water quality are the size of the quarry, the presence of external waste dumps and tailings ponds, and the discharge of
wastewater into surface water bodies. According to monitoring data, a water quality change coefficient was determined
as the average value of changes across all investigated parameters. An analysis was conducted of how this coefficient
varies with quarry depth and area. The results indicate an exponential increase in water quality changes around quarries
as their depth and area increase. Among other factors affecting water quality change is the presence of tailings ponds
and dumps near the quarry, but this has not yet been sufficiently researched and will be determined in the future.

Pollution of surface and groundwater by specific elements is determined by the type of mineral resource being ex-
tracted and the types of overlying rocks: on iron ore deposits increases the chloride content, on graphite deposit - in-
crease in magnesium, calcium, and nitrates, on ilmenite sands deposit - raises the levels of bicarbonates, calcium, ni-
trates, sodium, and potassium, on sand deposits - increased calcium and nitrate content in the surrounding surface and
groundwater increases. Additionally, elevated concentrations of sulfates and dry residue were observed in the areas
surrounding all the studied quarries.

It should be noted that for most of the objects studied, pollution of the surrounding aquatic environment is not criti-
cal, since most components do not exceed the maximum permissible concentrations. However, this article did not exam-
ine the time factor, which makes it impossible to predict when changes in water quality may become critical in the future.

Keywords: water quality, mining impact, groundwater contamination, surface water pollution, iron ore deposits,
environmental monitoring

1. Introduction

Water and land are the most vital resources for humanity. The life and health of
the population depend on their quality. It is believed that these resources are most
affected by the extraction of mineral resources. While the impact on land resources
can be observed visually, the impact on water resources is more complex and often
difficult to quantify.

The impact on water resources consists of changes in the hydrodynamic and hy-
drogeochemical regimes of groundwater and surface water in the areas affected by
mineral resource extraction.

It was previously found [1] that the volume of mine water discharged in Ukraine
Is excessively high, approximately equal to the natural flow volumes of the small riv-
ers into which it is discharged.

In [2], the authors analyzed changes in groundwater quality in Ukraine since 1960
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and documented large-scale deterioration. The similar observation is made for surface
waters, including rivers [3-5]. At the same time, [6] notes that under current man-
agement practices, the waters of Ukraine's rivers will not only become unusable but
also dangerous.

According to [7], about 2 million tons of mineral salts are discharged annually in-
to the hydrographic network along with mine water. The authors of the article [8]
note that mine waters contain a high concentration of fine particles (50-70%), which,
unlike larger impurities, do not settle but may dissolve.

Paper [9] notes that the impact of mining operations on water resources is ex-
pressed in the disruption of water exchange, loss of natural water reserves, and pollu-
tion due to the discharge of mine water into surface water bodies. The article [10]
adds to this list the drainage of technogenic waters from tailings ponds.

The authors of [11] note that the greatest impact on water resources is caused by
landscape disturbance during mining, which leads to an imbalance in the natural
drainage system.

The article [12] states that the main factor affecting the quality of water resources
Is the discharge of mine water into the hydrographic network. At the same time, pol-
lution occurs with sulfates, chlorides, nitrates, sodium, and potassium in most mining
regions of the world [13].

The authors of [14] note that natural waters, both surface and groundwater, natu-
rally contain trace elements. However, severe heavy metal pollution is most often
linked to mining activities. The article [15] emphasizes that in the Lviv-Volyn Basin,
wells located near waste rock dumps have detected concentrations of Group 1 toxic
elements close to or slightly exceeding the maximum permissible concentrations
(MPC).

The problem of water quality around mining excavations is widespread and has
been studied not only in Ukraine but also in other countries.

In Romania, in regions of extraction of various mineral resources, increased con-
centrations of metals in natural waters are recorded [16-18], and in gold mining areas
a significantly increased sulfate content is also observed [17], while river water
downstream is classified as Class V (the most polluted). Pollutants accumulate in wa-
ter and soil and, as a result, in vegetables [18], which poses a threat to public health.

In Nigeria, in areas of barite and coal mining, increased concentrations of heavy
metals and toxic substances in natural waters are also recorded, exceeding reference
doses [19-20].

The article [20] shows that even decommissioned coal mines have a negative im-
pact on the water quality in the region. The authors show that the water quality con-
tinues to deteriorate, which may be associated with waste rock dumps located on the
surface.

The authors of [21] also note a deterioration in the water quality in areas of de-
commissioned mines in the Maramures region. An increased content of toxic ele-
ments in groundwater has been recorded and, as a result, in surface watercourses.

The authors of publication [22] show that in northern Chile the greatest impact on
the water quality is caused by accumulated tailings.
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In [23], it is noted that in Canada, in order to reduce the impact of mining activi-
ties on the environment, including water resources, the government introduced the
wastewater quality regulations in 2002; therefore, most enterprises discharge mine
waters into tailings storage facilities, which has had a positive effect on the quality of
natural waters.

However, in article [24], the authors show that in the Upper Silesian Coal Basin
(southern Poland), the cessation of mine water discharge into the Bytomka River will
negatively affect its flow, since the share of natural waters in river flows is extremely
low, because due to prolonged transformation the replenishment of the river occurs
largely due to municipal and industrial (including mine) waters.

The aim of the study is to identify the factors influencing changes in water quality
in areas of mineral resource extraction.

2. Methods

Several quarries on the territory of Ukraine were selected for the study, each ex-
tracting minerals using different technological schemes and equipment. A common
feature among the selected objects of study is that they are located on the path of sur-
face and groundwater to a river, which is located in close proximity.

The Zakrupetske sand deposit is being developed using a hydromechanical meth-
od with a dredger and hydraulic transportation of the mineral resource to reclamation
ponds (hydrowaste dumps), where it is dewatered and then loaded into trucks by ex-
cavators. The dredger's water supply is provided through a reverse system, without
supplementation. Water from the reclamation ponds is discharged into the quarry ba-
sin through constructed drainage ditches. The mining front is advancing to the south.

The quarry exposes a single non-pressure aquifer, which is associated with the al-
luvial sands of the Desnian stage of the Upper Neopleistocene on the first floodplain
terrace of the Horyn River, flowing 70-160 meters to the south and west of the site.
Water-bearing rocks are represented by medium- to fine-grained sands that are almost
completely saturated with water. Sand mining at the Zakrupetske sand deposit is car-
ried out without dewatering and uses a reverse water supply system.

The depth of the groundwater table ranges from 0.7 to 2.7 meters. The water-
bearing rock layers are relatively horizontal. Water samples were taken from the
quarry, the Horyn River, and from three points in the nearby built-up area (figure 1).

The Byrzulivske ilmenite deposit is being mined using mechanized excavators in
blocks that are opened by semi-trenches. Different types of overburden rocks are ex-
cavated selectively. Clayey rocks are transported to an external dump, while sandy
rocks are moved to an internal dump. Waste rocks generated during beneficiation are
also placed in the quarry dumps. Dumps, tailings storage facilities, and sedimentation
ponds are located in the mined-out areas. The enterprise employs a recirculating wa-
ter supply system: water from the quarry is directed to a settling pond and, after sed-
Imentation, is returned to the technological cycle at the beneficiation plant.

The ilmenite-bearing deposits are continental alluvial sediments and coastal-
marine sediments represented by sandy rocks (glauconite-quartz sands). The ore
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sands are 7 meters thick and covered by a layer of sands and secondary kaolins with
silicon inclusions.

Pishchanyy, K%L
Niwannnkap)

Figure 1 —Diagram of water sampling points in the Zakrupetske sand deposit

The section contains several aquifers; however, the quarry's water inflow occurs
due to Neogene-Paleogene Lower Cretaceous deposits.

Water samples were taken from the quarry, the sedimentation pond, the Velyka
Vys River, three wells, and three points in the nearby settlements (figure 2).

The Zavallivske graphite deposit is developed using a mechanized method with
drilling and blasting operations for rock fragmentation. The waste rocks are trans-
ported to an external dump, and minerals to the warehouses by dump trucks.

The geological structure of the deposit consists of crystalline limestone and
quartzite. Below the section, there are graphite-bearing gneisses (productive layer),
with variable thickness: in the northern wing, it reaches up to 250 meters, while in the
southern wing, it sharply decreases to 15 meters.

Tectonically, the Zavallivske graphite deposit is associated with the wings of the
eponymous large fold structure of the second order. Transverse faults and disloca-
tions divide the Zavallivske deposit into a series of blocks, which are characterized by
horizontal displacements ranging from 10 to 150 meters.

The quarry exposes three aquifers: a weakly water-bearing horizon in the eluvial
and eolian-deluviated sediments of the Middle and Upper Neopleistocene; in the sed-
iments of the Baltic stage; and in the fractured zone of crystalline rocks. The quarry is
watered by all three aquifers.

Water from the quarry is pumped out and discharged into the tailings storage fa-
cility, which is located to the east.

Water samples were taken from the quarry, the Pivdennyi Buh River (upstream
and downstream), and from five points in the nearby settlement (figure 3).
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Figure 2-Diagram of water sampling points in the Byrzulivske deposit area
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Figure 3 —Diagram of water sampling points in the Zavallivske deposit area

The iron ore deposit in Kryvyi Rih (name not disclosed due to the commercial
confidentiality agreement) is being developed using a mechanized method with the
application of drilling and blasting operations.

The deposit is formed by the rocks of the iron ore formation of the first, second,
and fourth iron-bearing horizons. The Novokryvorizkyi formation is represented by a
layer of amphibolites. The Skeliovatskyi formation is represented by metasandstones
and quartzites, biotite-sericite (phyllites), biotite-chlorite-sericite (biotite mostly
chloritized), talc, talc-chlorite, and carbonate-chlorite-talc schists. The Saksahanskyi
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formation is iron-bearing, represented by iron-rich and shale horizons.

The deposit is tectonically disrupted, has a large fault and small microfractures,
cracks and cleavages.

The main aquifer that provides water for mine workings is the crystalline rock ag-
uifer. The water-bearing and water-permeable properties of the rocks are determined
by their fracturing, which exhibits an extremely uneven distribution.

Quarry water is discharged into a recycling water supply pond.

Water samples were collected from wells and in the quarry from the sump and
from 4 water points at different horizons (figure 4), as well as from the Inhulets River
500 meters above and 500 meters below the discharge point (not shown on the fig-

ure).
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Figure 4— Diagram of water sampling points in the iron ore deposit area in Kryvyi Rih

The Pershotravneve deposit is developed using a mechanized method with drill-
ing and blasting operations. It is composed of a metamorphic rock complex of the
Kryvyi Rih series, represented by four formations: Novokryvorizkyi, Skeliovatskyi,
Saksahanskyi, and Hdantsivskyi.

The Novokryvorizkyi formation in the deposit area is represented by amphibolites
interbedded with quartz-biotite and, less frequently, quartz-chlorite schists. The rocks
of the Skeliovatskyi formation lie on the eroded surface of the amphibolites and are
represented by arkosic sandstones, quartz-mica schists, and talc-carbonate schists.
The Saksahanskyi formation is iron-bearing and is divided into shale and iron-rich
horizons. The productive layers are the iron-rich quartzites of the fifth and sixth iron-
bearing horizons.

Faulting is widespread in the field. Most of the faults are tectonic zones formed
by breccias.
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Within the deposit, three aquifers are developed: in Quaternary deposits, Poltava-
Kharkiv sediments, and crystalline rocks. The quarry is watered by all three aquifers.

Water accumulates in the quarry sump, from where it is pumped into a retention
pond (located on the western side of the quarry).

Water samples were taken from wells (samples 4, 10-12), from the quarry sump
(sample 7) and the ducker (sample 6), from the water body on the quarry's rim
(swampy area — sample 2), from the retention pond (at two points — samples 1 and 3),
from the drainage ditch (sample 5), from the Petrykivka ravine (sample 9), and from
the Saksahan River (sample 8) (figure 5).

D
‘.

Sample | '

Sample 11

Sample §

Figure 5— Diagram of water sampling points in the Pershotravneve deposit area

Thus, data on the quality of natural and technogenic waters in the quarry impact
zone have been obtained from different regions of Ukraine. At the same time, all the
quarries have different characteristics (size, depth, number of exposed aquifers, etc.)
and extract various minerals using different technological schemes. The sampling
points were located in such a way as to investigate the water quality upstream of the
groundwater and surface water flow (before the source of impact) and downstream
(after the source of impact).

To study the chemical composition of the water, photometric, gravimetric, color-
imetric, electrometric, chromatographic, and complexometric methods were used.

All the water samples were analyzed for 13-27 indicators. To avoid the scale of
comparison, only the main pollutants were considered. Observations were carried out
over a long period, and 10-year averaged data were used for analysis.

To identify the impact of mining operations on the composition of groundwater
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and surface water in the mining area, the methods of analysis and synthesis of
groundwater quality indicators, their comparison with regulatory values, classifica-
tion and generalization were used. Data classification and statistical analysis were
performed using Microsoft Excel.

3. Results and discussion

Figure 6 presents a comparison of the element content in samples from the
Zakrupetskyi sand deposit area. The water analyses show the following:

- The composition of groundwater indicates that the quality of the groundwater in
the quarry meets the standards for groundwater and even complies with drinking wa-
ter quality standards.

- The quality of water in the Horyn River fully meets the standards for surface
water quality.

- In samples 34, the water complies with the MPC for most indicators, but the ni-
trate content significantly exceeds the norm, making the water unsuitable for con-
sumption.

- The water in sample 5 fully complies with the MPC for drinking water.
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Figure 6— Content of microelements in water samples in the Zakrupetskyi deposit area

As seen from the graph in figure 6 (a), the river water, where the first aquifer dis-
charges, contains significantly higher levels of bicarbonates, calcium, and total dis-
solved solids compared to the quarry water. These indicators are not regulated and,
for the most part, their values are mostly formed by the activity of flora and fauna in
the water body. According to figure 6 (b), the magnesium content in the river water is
significantly higher than in the quarry water, indicating that this element enters the
river water not through the discharge or filtration of quarry water, but through the
dissolution of minerals underlying the riverbed.

Water samples 3-5 were taken from the same aquifer that discharges into the
quarry, but they have different chemical compositions. Figures 6 (a) and (b) show
that for all elements except chlorides, the water in samples 3—4 has worse indicators
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than the quarry water, while the water in sample 5 is almost identical to the quarry
water in composition. Considering the direction of movement of the aquifer towards
the Horyn River, wells 3—4 are not located within the quarry's impact zone. The only
water body that may be affected by the quarry's mining activities is the Horyn River.
However, its water quality is different.

Figure 7 presents a comparison of water quality in the area of the development of
the Byrzulivskyi ilmenite deposit.
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Figure 7 —Content of microelements in water samples in the Byrzulivske deposit area

The composition of groundwater, surface and quarry water in the Byrzulivskyi
deposit area is as follows:

- The analysis of the cation-anion composition showed that the waters of sample 1,
the quarry waters (from the settling pond), and the waters of sample 7 belong to the
same aquifer. The waters of sample 2 belong to the second aquifer, while the waters
from wells 8-9 belong to another aquifer. All these aquifers are exposed by the quar-
ry.

- The composition of the groundwater indicates that the quality of the groundwater
in the quarry meets the standards for groundwater and even meets the standards for
drinking water quality.

- The water quality in wells 1 and 2 meets the standards for drinking water quality.

- The water quality in the River Velyka Vys fully meets the standards for surface
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water quality and is suitable for drinking water supply.
- In wells No. 8-9, the water meets the MPC for most indicators; however, the ni-
trate content is significantly exceeded, making the water unsuitable for consumption.
- The water in well No. 7 fully meets the MPC.

The analysis of the graphs in figure 7 (a) — (b) shows that the lowest content of el-
ements is found in the quarry water, the water from the settling pond, the water from
wells 1 and 2, and in well 7. Although the quarry water has the highest calcium con-
tent, the content of this element is significantly lower in all other water samples. Giv-
en the difficulty of calcium dissolution, it is considered that calcium precipitates out
of the water.

Considering the direction of groundwater flow toward the Velyka Vys River,
wells 8-9 are outside the influence of the quarry. However, the water quality in these
wells does not meet the regulatory standards, and among all the samples taken, they
have the highest concentration of all elements. This is likely due to the proximity of
agricultural fields around the wells, where herbicides and various fertilizers are ac-
tively used.

Figure 8 shows a comparison of water sample quality in the Zavallivske graphite
deposit area. As is shown in figures 8 (a) and (b), the water in the quarry (sample 4)
contains the highest levels of contaminants. The water samples 1 and 2 are the clean-
est and meet drinking water quality standards. The water from well 1 is located at the
incoming flow. The quarry receives atmospheric water, surface runoff, and water
from three aquifers, where the composition of these waters mixes and averages out.
The water in the Pivdennyi Buh River upstream of the deposit development area is
the cleanest and complies with the standards for surface and drinking water quality.
However, downstream (on the outflow), the underground (samples 3, 8, 9) and sur-
face (sample 6) waters show an increased content of elements, indicating the negative
impact of mining activities. The water in well 3 is the most mineralized, with the dry
residue in the sample nearly twice exceeding the MPC. Additionally, the sulfate lev-
els exceed the MPC by 2.5 times, and the nitrate levels are 1.5 times higher, making
it unsuitable for drinking. In samples from wells 8 and 9, there is an excessively high
content of sodium, potassium, magnesium, and sulfates. A seasonal pollution factor is
also observed (in the summer), which may be linked to both agricultural and mining
(dusting) activities.

Figure 9 shows a comparison of the quality of water samples in the area of the
iron ore deposit in Kryvyi Rih.

The results of the analysis indicate that the highest content of trace elements is
found in the water from the quarry, sampled in the sump (sample 3) and at the 210
horizon (sample 5). At the same time, the iron content in the water samples is highest
at the 75 and 195 horizons (sample 1 and sample 6, respectively). Moreover, water at
different horizons of the quarry has varying chemical compositions and, consequent-
ly, different qualities. The cleanest water is observed in samples 1, 4, and 6. The wa-
ter collected from wells on the downstream flow (sample 7) and the opposite bank of
the river (sample 8) is similar in quality to the quarry water sampled from the 195
horizon.
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Figure 8 — Content of microelements in water samples in the Zavallivske deposit area
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Figure 9— Content of microelements in water samples in the iron ore deposit area

This indicates that the water flowing through the quarry is saturated with various
elements, and when it reaches the sump (the lowest point), it is mixed and has the
worst quality. At the same time, no significant impact on the groundwater in the quar-
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ry area has been observed.

To study the impact of mining on surface waters, the water quality in the quarry
(from the sump — sample 3) was compared to the water sampled 500 meters upstream
(sample 9) and 500 meters downstream (sample 10) from the discharge point of re-
turn water from the settling pond into the Inhulets River, as visually represented in
figure 10.
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Figure 10— Comparison of microelement content in water samples from the quarry and the Inhulets
River before and after the discharge of process water

As shown in figure 10, the water in the Inhulets River upstream from the enter-
prise's discharge point is already polluted beyond permissible limits, specifically:
chloride content is 1.7 MPC, sulfate content is 1.25 MPC, nitrite content is 1.2 MPC,
and dry residue is 2.3 MPC. According to the enterprise's technological scheme, wa-
ter from the quarry sump is pumped into a settling pond, from which it is discharged
after settling (the quality of water in the settling pond was not studied).

Therefore, when discharged, the water has a slightly improved quality compared
to the water from the quarry. After water discharge, the water quality in the Inhulets
River deteriorates (see figure 10) by all indicators. This indicates the evident impact
of mining activities on the region's surface water.

Figure 10 shows a comparison of water quality in the Pershotravneve field area.

The data in figure 11 show that the most polluted waters are those in the drainage
channel around the foot of the Pershotravnevy’s dumps, which is polluted by runoff
from the dumps.

The water from the quarry sump (sample 7) is more polluted than the water taken
from the quarry's culvert (sample 6).

The water from the wells located upstream of the groundwater flow (samples 12
and 4) is already contaminated. Sample 12 shows elevated chloride levels (1.8 MPC),
while sample 4 has increased sulfate concentrations (3.8 MPC). The dry residue
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ranges from 1.5 MPC in sample 12 to 3.45 MPC in sample 4. This is due to the fact
that these wells are located on the downstream flow of groundwater relative to the
Hanyvskyi quarry and waste dumps. The water in well 11, which is also on the down-
stream flow, is even more polluted, with the concentrations of all elements increased
by 1.3 to 8times. This indicates a significant impact of mineral extraction on
groundwater quality.

a) b)

Content of element, mg/dm? Content of element, mg/dm?
7552
o N 2182.56 1552
462,08 2546.0%57_“5
8 : 4"8"89620406 o ’
12 L2t
2 FP 6345¢
= 17¢3454.06
- 4 [ETTOT3 s
4 Y2509
7 T 2691.84 5560
431.68 ~1019.59
# 1583'?3‘4 E 5% 46376.6
B & B 117555
34 2
£ 6 1344 3 s
. 2
2 . o O W67R605 B
5 o &l =
2 206 881.27 E ., I 3803.91 6863
£ . % o
s ) 034 IE——
v ” | &g 551431 .
61
2 8756
1 bds 3 [ 5463.52
3 621,55, 8224.49
3 702.39 11 JSE08 s e 4875.36
620.16 e 3622
3 = 1720.32
8 %%—% 0 2000 4000 6000 8000 10000
i 113 .08
0 500 1000 1500 Dry residue Sulfates
Magnesium ® Calcium ® Bicarbonates Chlorides Sodium + potassium

Figure 11— Content of microelements in water samples in the Pershotravneve deposit area

According to the technological scheme, the water from the quarry is pumped into
a settling pond and after settling is discharged into the Saksahan River. Samples were
taken from the settling pond in the tank (sample 3) and near the pumping station
(sample 1). As shown by the data in figure 11, the water quality is almost the same,
but worse than that of the quarry water. The water sample was taken from a natural-
technogenic swampy area on the western side of the quarry near the settling reservoir,
and it has a lower quality than the quarry water. The pollution of the water in the set-
tling pond and the swampy area is explained by the location of these objects, which
are affected by runoff from the waste heaps. The water in the Saksahan River, down-
stream of the discharge point of the quarry wastewater, has lower concentrations of
chlorides, sulfates, nitrates, nitrites, iron, and total dissolved solids compared to the
water in the quarry and the settling pond, but it is more polluted than the water in the
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wells at the inlet flow. The water quality in the Saksahan River is influenced by the
discharge of quarry water, process water (such as from the Petrykivska stream — sam-
ple 9), and natural runoff from technogenic objects (waste heaps). Accordingly, it is
possible to note the existing impact of mining on surface water quality, but it is not
possible to isolate the impact of the actual extraction of minerals.

The surface water quality in Ukraine was previously assessed using the Water
Pollution Index (WPI), later the Specific Combinatorial Water Pollution Index
(SCWPI) [25], and since 2024 according to Environmental Standards [26]. However,
no such assessment exists for groundwater; therefore, it is classified based on pollu-
tants. It should be noted that all existing water pollution index models allow only
classification, leaving uncertainties regarding the impact of pollutants [27].

To assess the impact of mining activities on the quality of groundwater and sur-
face water, this study uses an algorithm for comparing the content of each pollutant at
different sampling locations. Specifically, the contents of substances in groundwater
upstream of the quarry and within the quarry are compared, as well as those within
the quarry and downstream of it. This algorithm is similar to the calculation of the
WPI, except that instead of maximum permissible concentrations, the content of the
i-th substance at the sampling point upstream of the groundwater flow is used.
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where k, k’ are the coefficients of water quality change in the quarry and downstream
of the quarry, respectively; n is the number of investigated water quality parameters;

clo, ¢, cSU™P are the contents of the i-th substance in water samples upstream of

the quarry, downstream of the quarry, and in the sump, respectively.

To assess changes in river water quality, the water quality change coefficient was
calculated by averaging the comparison of substance contents before and after the
discharge of industrial waters (in the case of such discharge).
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where k; is the coefficient of water quality change after discharge; n is the number of
investigated water quality parameters; Cf, C2" are the contents of the i-th

substance in water samples before and after the discharge of industrial waters into the
river, respectively.
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The results of the calculations are presented in Table 1.

Table 1 — Results of the study of changes in water quality around mining excavations

Name of the deposit developed by an open pit K k’ Kr
The Zakrupetske sand deposit - 1.0 -
The Byrzulivske ilmenite deposit 1.1 1.1 -
The Zavallivske graphite deposit 3.1 1.2 1.01
The iron ore deposit - 2.5 1.15
The Pershotravneve deposit 7.0 4.3 1.02

As the study showed, river water quality changes only slightly, since there is no
direct discharge of quarry waters (only after settling). However, groundwater quality
changes significantly.

The presented data indicate that the quality of groundwater and surface water
around the quarries is influenced by the following factors:

- The size and depth of the quarry; the larger and deeper the quarry, the greater
the impact.

- The number of exposed aquifer layers.

- The presence of tectonic disturbances.

- The discharge of quarry water into surface water bodies after settling.

- The presence of external waste heaps and tailings ponds.

To determine the numerical values of the influence of the specified factors on
changes in the water quality for each of the investigated sites, graphs were construct-
ed, which are presented in Fig. 12.
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Figure 12 — Dependence of water quality changes on the depth and area of quarries
As can be seen in Fig. 12, the greater the depth and area of the quarry, the greater

the change in water quality, with the dependencies having a similar exponential na-
ture with a high correlation coefficient. However, there is no discernible pattern of
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pollution due to the presence of dumps and tailings ponds, which will be investigated
further.

Pollution of surface and groundwater by specific elements is determined by the
type of mineral being extracted and the types of overlying rocks. During the extrac-
tion of all the studied minerals, the content of total dissolved solids and sulfates in-
creased around the quarries. In addition, the development of iron ore deposits signifi-
cantly increases the chloride content in both groundwater and surface water. The ex-
traction of graphite also leads to an increase in magnesium, calcium, and nitrates. The
extraction of ilmenite sands raises the levels of bicarbonates, calcium, nitrates, sodi-
um, and potassium. The extraction of sand deposits leads to an increased calcium and
nitrate content in the surrounding surface and groundwater increases.

The most effective solution to prevent the pollution of groundwater and surface
water is to intercept the water before it enters the quarry [28]. If such solutions are
not feasible, it is recommended to collect quarry water separately from different aqui-
fer layers [2] and treat it according to the content of elements [16]. This technological
solution has another advantage: it will significantly improve the geomechanical con-
dition of the sides [29].

External dumps have a significant impact on groundwater and surface water [30].
Therefore, it is recommended to capture and treat leaks from under the dumps sepa-
rately.

The water generated during the beneficiation of mineral resources and the clear-
ing of tailings ponds [31-33] should not be mixed with quarry water, which has better
quality.

4. Conclusions

Based on the analysis of long-term monitoring data on the quality of quarry, sur-
face and groundwater in the areas of mineral extraction, the article reveals changes in
the quality characteristics of water around the deposits. The main factors determining
the impact on changes in the quality of groundwater and surface water are the depth
of the quarry, the presence of external waste heaps, and the discharge of processed
water into water bodies. Around all the deposits, the content of sulfates and total dis-
solved solids has increased in both groundwater and surface water. Nitrates and cal-
cium levels increase around graphite, ilmenite, and sand deposits. Around iron ore
deposits, the chloride content in the water significantly rises, which is due to the ex-
posure of the relevant rocks in the quarry and the presence of tectonic disturbances.

Using an algorithm similar to the determination of the Water Pollution Index for
surface waters, changes in groundwater quality within the quarry were assessed rela-
tive to upstream waters, and downstream of the quarry relative to water in the sump.
In addition, for two deposits, changes in river water quality were investigated, which
showed only minor changes, which is associated with the absence of direct discharge
of quarry waters.

It has been established that as the depth and area of the quarry increase, pollution
of the surrounding aquatic environment also increases.

It should be noted that in some deposits, the increase in the content of certain el-
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ements in groundwater and surface water is not critical and does not exceed the regu-
latory limits. Also, the study did not consider the time factor, so it is impossible to
assert that, in the future, changes will not occur that could cause the concentration of
certain elements to exceed the maximum permissible concentration.
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AHANI3 3MIHU AKOCTI I'II.EI,3EMI:IVIX BOO B PAMOHAX BMOOBYTKY KOPUCHUX KOMANMWH Y
3AXIQHIA TA LEHTPANbBHIN YKPAIHI
EybHosa O.A., JlesyeHko K.C., PiomiHa .M., Kawkans0a H.I., KyuyyaypHa 5.€.

AHoTauis. 3aranbHOBIAOMOK € 3MiHA SKICHUX XapaKTEpPUCTUK OOBKINNS Npu po3pobui KOPUCHWMX KOMamuH.
Haibinbwwit BNNuB 3a3HaloTb 3eMenbHI pecypcu Ta BogHe cepeposule. MeTow aocnimkeHHs € BUSBNEHHS haKTopiB,
L0 BMMMBAKTL Ha 3MiHY SKOCTi BOOM B paloHax BUOODYTKY KOPUCHKX komamuH. Ha nigcTasi BaraTopivHmx QOCnimkeHb
XIMIYHOrO CKnagy kap'epHuX, 060POTHIX, 3BOPOTHUX MPOMWUCHOBKX BOA, NIA3EMHUX Ta NOBEPXHEBUX MPUPOLHWX BOA
BWKOHAHO aHania 3MiHu ix skocTi. [1ns gocnimkeHb BUKOPUCTAHO AaHi MOHITOPWHIY BOOHOrO CepefdoBuLla HABKOJIO
nilaHoro, rpad)iToBOro, iNbMEHITOBOTO, 3aMni3opyaHNX POOOBWL B YKpaiHi. BuseneHo, Wwo Hanbinbwmx 3miH BOAHE
CepenoBULLE 3a3HAE HABKOMO 3anisopyaHux pogosuuy. Cepeqd ronoBHWX (hakTopiB, WO BM3HAYaOTb Maclutab 3miH
SKOCTI BOA € pO3MIpK Kap’epy, HasBHICTb 30BHILLHIX BiBaniB Ta XBOCTOCXOBMLL, CKWAAHHS 3BOPOTHWX BOL B NOBEPXHEBI
BO/Hi 00'eKTH.

3a [OaHUMKU MOHITOPUHTY BCTaHOBNEHO KOEILiEHT 3MiH  SKOCTIi BOAM, SIK CEPEOHE 3HAYEHHS 3MIHW BCiX
AOCTIMKYBaHMX MOKa3HMKIB. BUkoHaHO aHanis 3amiHn koedilieHTa SKocTi BOAM Big rMWOWHW Kap’epy Ta WMOro Mo
BCTaHOBNEHO EKCNOHEHLianbHMi XapakTep 3pOCTaHHs 3MiH SKOCTi BOAM HABKONO Kap'epiB npu 36inbLueHi ix rnnbuHn Ta
nnowi. Cepeq iHWMX (hakTopis, L0 BMINBAIOTb HA 3MiHYy SIKOCTI BOAW € HAsIBHICTb XBOCTOCXOBMLY Ta Bigsanis 6ing
Kap'epy, NPOTe Lie MOKM HeA0CTaTHBO AOCTIMKEHO Ta Byae BCTAaHOBMNEHO B NOAANbLLOMY.

3abpyaHEHHS OKpPEMUMU eNeMeHTamMu NOBEPXHEBUX Ta MiA3EMHUX BOL 3yMOBIOETHCS TUMOM KOPWUCHOI KONanuHw,
Lo BK1AobyBaEeTbCA, Ta BUAAMM MOKPUBHUX MiPCHKUX NOPIA: Ha 3ani30pyAHMX POLOBMLLAX NiABMLLYETLCS BMICT XIIOPUAIB,
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Ha rpachiToBMX - MarHin, kanbLiit i HITpaTh, INbMEHITOBMX MICKIB - BMICT GikapboHaTiB, kanbliito, HITpaTIB, HATPItO i Kanito,
nilaHoro pofoBMLLA - BMICT KanbLjto Ta HiTpaTiB. OKpiM TOro, HaBKOMO BCIX JOCNIMKEHUX Kap'epiB NigBMLLMBCSA BMICT
CcynbchaTiB Ta PO3YUHEHNX PEYOBUH.

Cnig 3a3HaumnTy, Wo Ana GinbwocTi gocnimkeHnx 06’ekTiB, 3a0pyAHEHHST HABKOMMLLHLOrO BOAHOTO CEPeaoBHLLa He
HOCWUTb KPWUTMYHWA XapaKTep, OCKiNbkM OinbLiCTb KOMMOHEHTIB He nepesuwytots [OK. lpote B i cTatTi He
BOCNigKyBaBCA (PaKTOp Yacy, WO He A€ MOXNMBOCTI 3GiACHUTW NPOrHO3 HAa MaMbyTHE — KOMM 3MiHM SKOCTI BOAW
MOXYTb CTaTW KPUTUYHUMM.

KnioyoBi cnoBa: skicTb BOAYW, BMAMB ripHUY0400YBHMX NiANPUEMCTB, 3a0pyaHEHHS IPYHTOBWX BOA - 3abpyAHEHHS
NOBEPXHEBUX BOZ, POAOBULLA 3aMi3HOT PyAW, MOHITOPUHI HABKOMMULLHLOTO CEepeoBuLLa.



