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Abstract. The issue of the possibility of providing the population with water through the available resources of
mine/quarry water formed during the extraction of minerals is considered. The authors show that there is an insufficient
level of local water resources in Ukraine. The situation is especially negative in industrialized regions with high water
consumption. However, in these regions, the mining industry is widely developed, and their activity is accompanied by a
different level of mine workings watering. Today, mine/quarry waters are pumped out and, after sedimentation, dis-
charged into the hydrographic network, polluting it. It is shown that the most rational is to collect, purify and use mine
water.

The methods of mathematical statistics were used in this work: correlation-regression and dispersion analyses,
which were used to analyze data from 10 mines in the city of Kryvyi Rih over a five-year period. The annual level of wa-
ter inflows, the depth of deposit development, volumes of ore extraction, areas of license areas, geological characteris-
tics of ore deposits, etc. were analyzed. A noticeable correlation was established only between the levels of water in-
flows and the depth of deposit development and volumes of ore extraction. Therefore, further the multifactorial analysis
of these factors was performed. During the preliminary analysis, it was established that there is a powerful dyke between
the Frunze and Pokrovska mines, and the mines located on different sides of this dyke often differ in terms of water in-
flows. Because of this, the northern and southern groups of mines were chosen, the data for which were processed sep-
arately. The relationship between water inflows, the depth of deposit development and production volumes was analyzed
according to linear and various non-linear dependencies. The exponential dependence of water inflows on the depth of
deposit development and the logarithmic dependence on the volumes of extraction show the highest correlation coeffi-
cient (0.83-0.86). According to the dependencies given in the article, it is recommended to determine forecasting water
inflows for the design of mine water treatment systems for drinking water supply.

In the article, a general technological scheme with separate collection, sedimentation and treatment of mine waters
is proposed. For the conditions of Kryvyi Rih, this will cover almost half of the population's water consumption.

Keywords: water resources, mine waters, discharge, regularities, water supply, treatment.

1. Introduction

The total amount of fresh water resources of Ukraine is approximately 94 bil-
lion m? [1], which is insufficient in terms per a unit of population.

According to the UNESCO World Program for the Assessment of Water Re-
sources, the water supply per person in Ukraine is approximately 3,000 m?*/year (ex-
ternal and internal resources) [2]. According to FAO Aquastat estimates [3], the sup-
ply of the population of Ukraine with general water resources is 3,964 thousand
m>/1 person/year, and with internal water resources — 1,246 thousand m’/1 per-
son/year. The National Institute of Strategic Studies also notes that in Ukraine water
supply by river runoff is only 1 thousand m?/1 person/year. At the same time, accord-
ing to the assessment of the UN European Economic Commission, a state is consid-
ered water insecure when water resources are less than 1.7 thousand m3/1 per-
son/year. Water supply by region is shown in fig. 1.

In some regions, water supply is lower than the national average: AR of Crimea
and Dnipropetrovsk, Donetsk, Zaporizhzhia, Mykolaiv, Odesa, Kherson regions.

The actual water consumption for 2023 is plotted on the graph (Fig. 1), according
to the State Agency of Water Resources of Ukraine.
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Figure 1 — Water supply and water consumption by regions of Ukraine

Taking into account the water supply in the regions of Ukraine and the concentra-
tion of the largest water consumers, it can be noted that the areas with the least water
supply have the highest level of water consumption (Dnipropetrovsk, Donetsk, Za-
porizhzhia, Odesa regions). At the same time, as noted in [4], groundwater withdraw-
al in the Donetsk, Mykolaiv and Dnipropetrovsk regions exceeds 63% of operational
reserves. Therefore, the involvement of additional volumes of groundwater in the wa-
ter supply system is impossible. Thus, in the areas with the largest water consump-
tion, it is necessary to ensure the comprehensive use of available water resources and
the high level of circulating water supply.

According to Ukrstat Agency, the greatest consumer of water is industry (43%),
slightly less 1s consumed by agriculture (31%) and for communal needs (26%).

In the Donetsk and Dnipropetrovsk regions, the greatest consumers of water
are mining enterprises. Despite the insufficient water supply in these regions, the ma-
jority of mine/quarry water is discharged into the hydrographic network (Fig. 2).
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Figure 2 — Volumes of withdrawal, use and discharge of mine and quarry waters in Ukraine
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This leads to a number of problems: salinization of surface water, depletion of
groundwater, costs of water pumping out and transmission.

Therefore, the most rational is the implementation of complex development of
deposits with the extraction of groundwater as a concomitant mineral with the man-
datory introduction of a system for its treatment.

The purpose of the work is to determine the possible resources of mine water for
substantiating this water supply to the population in mining regions in conditions of
fresh water shortage.

Analysis of publications. The problem of the use of mine and quarry waters is
considered by researchers all over the world. In work [5], it is shown that all over the
world, minerals are mined in regions with a shortage of water. To solve the problem
of fresh water shortage in mining regions, the authors of the article [6] recommend
collecting and purifying all mine/quarry water, process water, rainwater, and waste
water in sedimentation tanks. The authors of the work [7] also propose to arrange the
recirculation of water with its purification and further use, instead of its withdrawal,
which will lead to less fresh water extraction and pollution.

It should be mentioned that in world practice, mine waters are actively used in
various directions, including for drinking water supply [8—13]. In Ukraine, this direc-
tion is just in the process. However, mine waters are actively used in our country for
other needs [14—15]. In order to use mine water, many methods of its purification
were developed, including treatment in the mine by cavitation [16—17], or in sedi-
mentation tanks by biological methods [18—20], physical and chemical methods [21—
23], etc. The relevant ministry developed a standard [24] for the conditions of the
coal mines development regarding the use of mine water for drinking water supply.

Many scientific studies were carried out on the analysis of mine and quarry waters
of the Kryvyi Rih iron ore basin. In work [25], the territory of the Left Bank dumps
of the «YUZHNIY GOK» Mining and Processing Plant is considered. Eleven
sources of water filtration are installed along the perimeter of the dumps, which are
divided by chemical composition and hydrogeological conditions of origin. It was
proven that hydrogeological features are determined by geological and tectonic struc-
ture, climatic and geomorphological factors, man-made influence. More detailed
studies of the influence of geomorphological factors are given in articles [26-28].
The method of comparative statistical analysis of previously obtained and modern
data (hydrogeological, hydrological, engineering-geological and geophysical) of the
studies of the territory was applied to identify the degree and nature of man-made
changes in the state of the hydrogeological structure of the earth's crust in the area of
the deposit development.

However, according to the conducted analysis, there are no valid regulatory doc-
uments for the conditions of ore mines, which would specify any decisions on the use
of mine and quarry waters for water supply to the population. Therefore, this problem
is still relevant.
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2. Research methods
Correlation-regression linear and non-linear a

nalysis, including multifactorial,

was used in this work to estimate the forecasting resources of mine water.

3. Theoretical and experimental part

From the point of view of water supply, the most problematic area in the

Dnipropetrovsk region is Kryvorizhzhia.
Mining operations have been carried out in thi

with different intensity. At present, 8 quarries, 9 mines and 3 mines are operating in
hydroprotection mode. Mining enterprises are located in a belt from north to south
along the Western Ingulets marginal raise, which separates the Kirovohrad and Mid-

dle-Pridnipro megablocks (Fig. 3).
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Figure 3 — Location of iron ore mines and quarries
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Water inflows of varying intensity are observed in the mines and quarries (Table 1).

Table 1 — Water inflows to the mines of Kryvorizhzhia

Name of mines Water inflows by year, thousand m’ Average water

2012 | 2013 | 2014 | 2015 | 2016 inflows

E/ET;)V ska Mine (former Lenin |\ /¢3¢ | 15044 | 14392 | 13684 | 1199.5 1411.06

Kozatska Mine (former Gvar- | 11105 | 19302 | 13104 | 1136.6 | 929.3 1143.8

diyska Mine)

Yuvileyna Mine 7462 | 1002.4 | 1006.1 | 843 | 796.4 878.82

Kolachevskyi Mine (former

Ordzhonikidze Mine) 1612 | 1593 | 1461 | 126 136 145.72

ﬁfﬁ?“wvneva‘]} renazhna 5854 | 628 | 569.9 | 563.4 | 587.1 586.76

Pokrovska Mine (former Ok~ | 1500 3 | 14956 | 1466.5 | 1273.9 | 1287.8 1402.22

tyabrska Mine)

Kryvorizka Mine (former Bat- | 3,6, 1 | 3709 ¢ | 4416.6 | 4619.1 | 4784.3 4162.18

kivshchyna Mine)

Frunze Mine 6654 | 7822 | 6615 | 805.7 | 986.1 780.18

Mine Administration Arce-

lorMittal Kryvyi Rih (former | 3673.1 | 3454.8 | 3229 | 3066.4 | 2791.1 3242.88

Artem 1 Mine)

Gigant-Drenazhna Mine 3143.6 | 33265 | 3291.9 | 3121.8 | 27048 3117.72

About 17-20 million m? of highly mineralized mine water (mineralization from 5
g/1to 96 g/l [24]) is pumped out to the surface annually.

Part of the mine water is used by the enterprises as return water supply for the
technological cycle, and the excess water is discharged into storage ponds and further
into the Saksagan River and the Ingulets River. After discharge of excess return and
mine waters, the channels of the mentioned rivers are washed with water from the
Dnipro River, in accordance with the Orders of the Cabinet of Ministers of Ukraine.

However, in the conditions of insufficient water resources in this region (see Fig.
1), such solutions are not rational.

Therefore, in the conditions of insufficient local water resources in Ukraine in the
mining regions, it is worth reviewing the directions of mine water management.

However, to ensure the population's water supply, it is necessary to forecast pos-
sible resources.

For this, a correlation-regression analysis was performed based on the available
data in order to establish the dependence of water inflow volumes on various factors:
the depth of the deposit development, the area of the licensed area, the volume of ore
extraction, the age of the mine, geological characteristics of the ore deposits. Howev-
er, a stable dependence of water inflows on the specified factors was not found, ex-
cept for the depth of the deposit development and volumes of ore extraction, which is
demonstrated below in the graphs (Figs. 4-5).
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At the same time, characteristic is the upward pattern of changes in water inflows
due to the depth of the deposit development and the downward pattern of changes
due to the volume of ore extraction. For the dependence of the change in water in-
flows with depth, it was established that the mines were located in two rows of points
(see Fig. 4). The analysis of the location of the mine fields (Fig. 3) showed that three
mines in the south are located behind a discontinuity, which formed a dike filled with
water-bearing rocks. It is the presence of the dike in the direction of the incoming
flow which causes increased water inflows into the group of mines behind the dyke.
Therefore, for the further analysis, it was decided to divide the mines into two groups
- northern and southern.
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Figure 4 — Dependence of water inflows on the depth of the deposit development
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The nature of the regularity of changes in water inflows with depth is the same for
both groups, the correlation coefficients of the obtained dependencies are high
(R?=0.97 for the northern group and R?>=0.85 for the southern group).

The dependence between the water inflows and the volumes of ore extraction is
noticeable, the correlation coefficient is R?>=0.5.

Several attempts were made in order to establish a functional multifactorial de-
pendence: linear dependence (expression (1)) and various forms of non-linear de-
pendence (expressions 2-5), which would take into account the change in water in-
flows with changes in the depth of the deposit development and volumes of mined
ore.

According to the results of the correlation-regression analysis, the following equa-
tions were obtained

0=-175.908+2.87-4-1.037-H, (1)
0=5669.934-5.60-A—2.318-H+0.004-4-H 2)
0= —2962.82+1807644-%+ 2.824-H , 3)
0=21276.84-2675.73-In4-0.51-H , (4)
0=11976.3-1725.2-In A+ 94.596 - *0026H | (5)

where Q is water inflows, thousand m?/year; 4 is volume of ore extraction, thousand
tons/year; H is depth of the deposit development.

The results of regression statistics according to equations (6) — (10) are shown in
Table 2.

Table 2 — Results of regression statistics

According | According | According | According | According
Parameter to the equa- | to the equa- | to the equa- | to the equa- | to the equa-
tion (1) tion (2) tion (3) tion (4) tion (5)
Multiple R 0.63811166 0.647729 0.677341 0.590252 | 0.729247
R-square 0.40718649 0.419553 0.458791 0.348397 0.5318
Normalized R-square 0.3663028 0.357362 0.421466 0.28634 | 0.499511
Standard error 1065.36793 1072.857 1017.942 083.684 | 946.7952
Number of observations 32 32 32 24 32

According to the results of regression statistics, equation (5) has the highest corre-

lation coefficient. However, according to the Chaddock scale, R?>=0.53 shows only a
moderate relationship. In order to find a more accurate dependence, it was decided to
take into account the peculiarities of the geological structure of the territory and to
perform further processing by groups of mines (see Fig. 3).
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For the northern group of mines, equation (5) takes the form
0=136.74-In A+44.803- %0021 _g47 607, (6)

For the southern group of mines, equation (5) takes the form
0 =-5604.07 —388.318 - In A + 5700.129 - " 00064 (7)

The correlation coefficients are equal to R?=0.86 for expression (6) and R>=0.83
for expression (7), which indicates a high correlation.

3. The results and their discussion

According to the results of the correlation-regression analysis, the regularities of
changes in water inflows in the Kryvorizhzhia mines were established, according to
which it is possible to establish forecasting indicators with changes in the depth and
volumes of ore extraction, which will make it possible to determine project values for
water supply to the population.

It is known that mine waters feature high mineralization. Earlier studies [23, 25,
29-31] established that waters in different horizons of mines and quarries differ sig-
nificantly in terms of mineralization. In addition, in mines, underground water is usu-
ally collected at different horizons in the equipped reservoirs. Therefore, in order to
ensure the use of such waters for the water supply, it i1s suggested not only to collect
them, but also to pump them out and treat them separately (Fig. 6).
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1 — reservoirs on different horizons of the mine; 2 — water pipes; 3 — mine shaft; 4 — sedimentation
tanks on the earth's surface; 5 — water treatment plants

Figure 6 — Scheme of separate collection and treatment of mine waters



150 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2023. Ne 167

The following technological scheme is proposed (see Fig. 6). Mine water is col-
lected into reservoirs 1 on different horizons and then is pumped out to the surface
into separate sedimentation tanks 4 through the separate pipelines 2 located in the
workings of the shaft yards and the shaft 3. After sedimentation, the most mineralized
water (usually a Quaternary aquifer) is fed to the circulating water supply system for
technical needs of the enterprise itself. Other part of water is supplied to separate
treatment plants, where it is further purified to the quality of drinking water. Methods
of water treatment depend on the quality of the water and the content of mineral
components in it (it is not subject of this article). After treatment, water from various
treatment plants is fed into the common water main for supplying to consumers.

With a general norm of 4.11 m?/month per person and with population of 603.904
people, the annual level of water consumption in the city of Kryvyi Rih is 29,784.545
thousand m*. Almost half of the required amount of water can be provided by mining
enterprises after water treatment.

In addition, the man-made load on the hydrographic network, which is the receiv-
er of settled highly mineralized mine waters, will decrease.

5. Conclusions

In some regions of Ukraine, there is a great insufficiency of local water resources.
Most of these regions also have high levels of water consumption due to the large
number of mining and industrial enterprises and high population density. However, in
areas with highly-intensive mineral extraction, a great volume of mine/quarry water
1s pumped out, which is mostly unused and discharged into the hydrographic network
after clarification. Such water use is unacceptable due to pollution of surface fresh
water and irrational use of underground water. In order to determine possible re-
sources of mine water which can be used for supplying water to the population, a cor-
relation-regression analysis of statistical data on Kryvorizhzhia mines was performed,
which showed the existence of a logarithmic-exponential relationship between the
volumes of water inflows and the depth and volumes of ore extraction.

However, the disturbance of the massif also causes a significant impact on the wa-
ter inflows. Thus, the presence of a powerful dyke between the mines led to a differ-
ent level of their water level, therefore, two dependencies were proposed for the cal-
culation of forecasting water inflows, respectively, for the northern and southern
groups of mines. It should be noted that the given dependences is applicable only for
the mines of Kryvorizhzhia for forecasting calculation of mine water resources.

In the conditions of the mines, it is proposed to arrange separate collection, pump-
ing out and treatment of underground water on different horizons, since they feature
different mineralization and composition, which requires different methods for their
purification and lead to different possibilities of water use.
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OBI'PYHTYBAHHS PIWEHb LLIOAO BOAO3ABE3NEYEHHA HACENEHHSA B NPHUYOA0BYBHMUX
PEFOHAX B YMOBAX HEQOCTATHOCTI MICLLEBUX PECYPCIB
Eyb6Hosa O.A., babiu K.B., PromiHa [J.M., Jleg4eHko K.C.

AHoTauif. Po3rnsHyTo NUTaHHS MOXIMBOCTI BOA03abe3neyeHHs: HaceneHHs 3a paxyHoK HasiBHWX PecypciB LIaxT-
HWX / Kap'EPHMX BOf, LLO YTBOPIOKTLCS NpU BMAODYTKY KOPUCHMX KOManuH. B cTaTTi nokasaHo, o B YkpaiHi HedocTaTHiN
piBeHb 3abe3neyeHoCTi MicLueBuMmM BogHUMK pecypcamu. OcobnnBo HeraTuBHa CuUTyaLis B MPOMMCIIOBO PO3BMHEHIX
perioHax, [e BUCOKe BOAOCMOXMBaHHS. [poTe B LMX Lie perioHax po3BMHEHa ripHM4og00yBHa NPOMUCNOBICTb, Lisnb-
HICTb SIKOI CYMPOBOMKYETLCA Pi3HUM PIBHEM 0OBOAHEHHS TipHMUMX BUPODOK. Hapaai WwaxTHi / kap’epHi BOAW BigKkauyoThb-
€A Ta Micns BigCTOBAHHS CKMAAOTLCA B rigporpadiuHy mepexy, 3abpyaHtoroum ii. MokasaHo, Wo HampaLioHasbHile
LaxTHi BOAK 36MpaTi, 04NLLyBaTH Ta BUKOPUCTOBYBATMU.

B poboTi BMKOpUCTaHI METOAM MaTeMaTUYHOI CTAaTUCTUKW: KOPENsLiHO-PErpeciinHMin Ta AUCNEPCHUIA aHanisu, 3a
[0MOMOrOK0 SIKMX NpoaHanisoBaHo AaHi 3 10 waxt M. Kpueoro Pory 3a n’atupiyHnid nepiod. AHarnidyBaBcs piuHui piBeHb
BOAONPUNNMBIB, rMMbuHA BedeHHs pobiT, 0b'emu BMOOOYTKY pyaw, Nnowi NiLeHsiMHUX QiNSHOK, reonorivHi xapakTepuc-
TUKW pyOHWUX NOKNagiB Towwo. MomiTHa Kopensyis BCTaHOBMEHa TifbkW MiX PiBHAMW BOAOMPUNIMBIB Ta rMNOUHOI po3-
pobku i 06’emamn BuaobyTKy pyan. Tomy B noganbLIOMy BUKOHAHO 6araTothakTopHUiA aHanis came Lux YMHHMKIB. [pu
nonepeaHLOMY aHariai BCTAHOBIEHO, L0 MiX waxtamu iM. ®pyHae Ta «[ToKkpoBCbka» 3HAXo4MUTLCA MOTYXKHA Javka, Ta
LaxTK WO pO3TallOBaHi MO Pi3Hi CTOPOHW L€l falkn B pasut BigpisHATLCA 3a Bogonpunnmeamu. Yepes Le BUAINEHO
NiBHIYHY Ta NiBAEHHY rPyMu WaxT, AaHi no skux obpobneHo okpemo. MpoaHanisoBaHoO 3B’S30K MiX BOAOMPUNIIMBAMY,
rmnbuHOK BefeHHs pobiT Ta ob’'emamm BUObYTKY 3a MiHIMHOK Ta Pi3HUMW HEMIHIMHUMK 3anexHOCTAMW. HanbinbLumi
koediuieHT kopensuii (0,83-0,86) nokasye ekcnoHeHLjanbHa 3anexHicTb BOAONPUNNMBIB Big runbuHM pobit Ta norapu-
tmiyHa — Big 06’emiB BUOoOYTKY. 3a HaBeLEHUMW B CTATTi 3aNEXHOCTAMM PEKOMEHAYETLCS BCTAHOBMKOBATY MPOrHO3HI
BOAONPUNNBY ANS NPOEKTYBAHHS CUCTEM OYULLEHHS LWAXTHUX BOZ ANS MUTHOTO BOAOMOCTaYaHHS.

B craTTi 3anponoHOBaHOro 3aranbHy TEXHOOTYHY CXeMY OKPEMOro 30MpaHHsl, BiACTOOBAHHS Ta OYMLLEHHS LLAXT-
HWx Bog. [ns ymoB KprBOpixoks Lie 4O3BONUTbL NOKPUTU Maibke NONOBUHY BOAOCMOXMBAHHS HACENEHHS.

KntouoBi cnoBa: BOAHI pecypcu, LWaxTHi BOAW, CKMAAHHS, 3aKOHOMIPHOCTI, BOR03abe3neyeHHs!, OUMLLEHHS.
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