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SUMMARY

The report presents the use of hydrochemical research for assessing aquifer salinity of
Quaternary sediments in Kalush mining region, which is located in Ciscarpathian area and is
the only drinking horizon for Kalush city. Based on the laboratory analysis results,
mineralization and salt composition of the selected water samples from observational
hydrogeological wells have been determined. The aquifer salinity map of the study area has
been developed. It has been established that the sources of salinity are currently salt pits Nel
and Ne4, and tailing storage facilities Nel and Ne2. There is currently no threat of salinization
of Limnytsia River.
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Introduction

Groundwater and surface water contamination problem almost always arises in the territories of active
or depleted mineral deposits. To a large extent, this applies to salt deposits, where underground
aquifer contamination occurs as a result of rock or potassium salt dissolution. Brines from
underground workings and quarries, salt pits, tailings, storage tanks, etc. can be considered as
pollutants. Groundwater contamination assessment is carried out by sampling from wells, reservoirs,
and watercourses, followed by laboratory determination of total mineralization, element-by-element
analysis, and groundwater level regime observations, which at the same time make it possible to
establish ways and speed of pollutant migration (Bagriy et al., 2017, Hurska et al., 2015, Kuzmenko et
al., 2013). The presented report aims to substantiate scientific principles for determining groundwater
salinity areas in Kalush mining region, quantifying dynamics of this salinization and its connection
with the river system.

Geological and hydrogeological characteristics of Quaternary deposits in the study area

Quaternary age water-bearing deposits are of practical importance for water supply. These sediments
are suitable for drinking and in water intake areas along Limnytsia River banks and adjacent
territories they are represented by:

* deluvial deposits;

» Lower Quaternary alluvial deposits;

» Middle Quaternary alluvial deposits;

 Upper Quaternary alluvial deposits;

» modern alluvial deposits.
Deluvial deposits make up highland slopes and they are characterized by a variety of lithological
composition, which in turn depends on native rock lithology. These are mostly clays, loams, and
occasionally break stone. Water movement takes place down the slopes into river and stream valleys,
where water often wedges out in the form of springs. Practical significance of waters in this horizon is
insignificant, which can be explained due to the absence of solid and sustained water-enriched
horizon, low water content of water-bearing rocks, and increased water mineralization.
Lower Quaternary alluvial deposits make up ancient (V and VI) Limnytsia River terraces and are
common in the northeastern and southern parts of the studied area. In terms of lithology, these are
loams, pebbles, and sandy loams. Capacity constitutes from 12 to 19 m. Aquifer depth ranges from 10
to 12 m. Horizon is non-pressured and pressured. Static heads, being 1.0-5.0 m high, form loams that
lie in the horizon roof. Well flow rates range from 0.1 to 3.5 I/s at depths of 1.0 - 13.6 m. Filtration
coefficients are 0.3-10 m/day. Water chemical composition is hydro carbonate, calcium, chloride-
sulphate, and calcium-sodium with mineralization of 0.1 - 1.0 g/dm®, occasionally up to 1 - 5 g/dm®.
Mid-Quaternary alluvial deposits make up Il and IV Limnytsia River terraces, which are developed
along the entire river valley. Terrace geological section is represented by loam, sand, and pebbles.
Water-bearing rocks lie on Neogene and Upper Cretaceous rocks. Horizon depth is from 1.0 to 5.0 m.
Water is both non-pressured and pressured, head height varies from 0.5 to 10 m. Sediments are almost
similar to underground waters of Upper Quaternary and modern sediments. Well flow rates are 0.3-
3.0 dm®s at depths of 0.9 - 10.0 m. In terms of chemical composition and physical properties, waters
of Middle Quaternary deposits are almost similar to underground waters of Upper Quaternary and
modern deposits.
Upper Quaternary alluvial deposits make up | and Il Limnytsia River superflood terraces. They reach
their greatest development within the area stretching along the entire valley of Limnytsia River and its
tributaries in the form of a strip 0.5-3.5 km wide. Geological section of Upper Quaternary deposits
consists of soil cover, gravel-pebble deposits with boulders and sand-loam aggregate. Water-saturated
pebbles with gravel and boulders are underlain by water-resistant clayey horizons of Lower Sarmatian
and Baden. Waters are mostly non-pressured. Well flow rates are 0.3-6.0 /s, sometimes up to 16 I/s,
at depths of 1.2-5.4 m. Water levels are subject to significant seasonal fluctuations, which depend on
precipitation amount. Horizon feeds on precipitation infiltration and, partly, on water inflow from

Neogene aquifers that lie below. Groundwater movement is directed towards draining river valleys.
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Waters of Upper Quaternary alluvial deposits are mainly fresh hydrogen-carbonate and calcium ones
with mineralization of 0.1-0.6 g/dm®. However, sulphate-hydrocarbon, sodium-calcium, and chloride-
hydrocarbon waters with mineralization of up to 1.0 g/dm? are also often found there.

Modern alluvial deposits make up floodplains and riverbeds of Limnytsia, Sivka, Mlynivka, and
Berezhnytsia rivers. Lithologically, they are composed of pebbles, gravel, and sand. Deposit thickness
varies from 2 to 8 m. Groundwater is associated with pebbles and gravel with boulders made from
sand-clay fillers. Aquifer depth ranges from 0.4 to 6.6 m. Waters are non-pressured. Well flow rates in
modern alluvial deposits range from 1.0 to 27.8 I/s at depths of 0.4 to 3.7 m. Water levels undergo
significant seasonal fluctuations, which depend on precipitation and river water levels. As for water
chemical composition, floodplains are hydrocarbon and calcium, sulphate-hydrocarbon, sodium-
calcium, chloride-hydrocarbon, and fresh with mineralization not exceeding 1.0 g/dm®.

Hydrogeochemical research of Kalush mining region

In order to monitor salinization area, as well as to determine groundwater mineralization degree,
observation wells equipped with filters for the first aquifer are used. This is a horizon of pebbly
sediments. It lies at depth of 0.5 to 13 m and has thickness of several to 12 m. Only 20 observational
hydrogeological wells were drilled in the study area. By 2022, five wells had been destroyed. Samples
for laboratory hydrogeochemical analyzes were taken from Dombrovsky quarry, sludge accumulator,
tailing Ne2, Limnytsia river and 15 wells located within Kalush mining region. Determination of
chemical and physicochemical indicators was carried out with the help of the following devices:
spectrophotometer Ulab 102 HD, spectrophotometer HACH LANGE DR 3900, system of sample
preparation and determination of total nitrogen in accordance with Kjeldahl method (device for
measuring mass nitrogen fraction) VAP 450, pH meter Horiba Ltd Lagua-RS 1100, conductometer
Horiba Ltd Lagua-RS 1100. Elemental composition was studied using optical emission spectrometer
with inductively coupled plasma Avio 500. Research results on mineralization and salt composition
are illustrated in Table 1.

Research results proved very high salt content in Dombrovsky quarry, sludge collection tank Ne3,
tailing storage facility Ne2, and Dombrovsky quarry drainage trench. Thus, with the maximum
permissible concentration (MPC) of salt content in water equal to 1000 mg/dm?®, mineralization level
of water in Dombrovsky quarry sample is 24 times higher than the norm and constitutes
24829 mg/dm®; in sludge collection tank Ne3, it is 80 times higher than the norm and is
80356 mg/dm?; in tailing storage facility Ne2, it is almost 84 times higher than the norm and accounts
for 83916 mg/dm?; in drainage trench, it is almost 2.6 times higher than the norm and constitutes
2604 mg/dm®. Water and sewage qualitative composition is characterized by chloride and sulphate
salts presence. With the norm value of chloride content equal to 300 mg/dm?, in Dombrovsky quarry
samples MPC exceeds by 36 times, in tailing storage facility Ne2 and sludge collection tank Ne3 - by
140.6 and 173.6 times respectively, in the drainage trench - by 3,6 times. Sulphate content in
Dombrovsky quarry at the norm of 100 mg/dm?® exceeds it by 56 times, in drainage trench - by 2.1
times. According to ionic composition indicators, high content of calcium, magnesium, potassium and
sodium salts is observed, which is above the established quality standards. In addition to salt
composition, the content of ammonium ions and nitrites in these two samples is high. To analyze
observation wells, we will divide them into 3 groups.

First group - samples with the salt content that does not exceed MPC norm and belong to low- and
medium-mineralized ones. First of all, this is sample Ne20, taken from Limnytsia River, where
mineralization is equal to 186 mg/dm®, wells Ned, Ne6, Ne7, Ne24, Nel5, with a content of 497
mg/dm?®, 504 mg/dm®, 345 mg/ dm?®, 495 mg/dm®, 264 mg/dm? respectively.

The second group - samples with salt content that do not exceed the norm and belong to highly
mineralized samples - sample N3, Nel2, Nel7, Ne212, where mineralization is equal to 747 mg/dm®,
649 mg/dm?, 886 mg/dm?, 707 mg/dm?® respectively.

Third group - samples with salt content exceeding MPC. This is sample Ne5, samples Ne8-Ne10, Nel 1,
Nel3, Nel6, Nel8, Nel9, where mineralization is equal to 1072 mg/dm®, 4421 mg/dm?, 8474 mg/dm®,
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18164 mg/dm®, 3764 mg/dm®, 5199 mg/dm®, 8465 mg/dm?®, 4344 mg/dm? and 4183 mg/dm®
respectively. In these samples, except for sample Ne5, ammonium ions content is high.

Table 1 Mineralization and salt composition of selected water samples

c -
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Samle s2|S2|22 b |s2|g2|ie| s
£ & o Te |© s g =
=
MPC and ASLI 1000 | 100 300 | 15-7,0 | 180 40 <50 | <120 |
Sampling location Research results

1 Dombrovsky quarry 24829 | 5600 | 10840 115 1668 | 379 1121 5023
2 Tailing storage Ne2 83916 613 42186 733 560 8566 | 30260 2681
3 Sludge collection tank 80356 | 162 | 50268 479 477 | 5528
4 e ety 2604 | 210 | 1080 | 46 | 392 | 333 | 28 62
5 Well Ne3 747 117 235 4,8 78 11 3,73 139
6 Well N4 497 17 180 4,0 46 20 0,02 0,02
I Well Ne5 1072 100 377 8,6 97 45 33 151
8 Well Ne6 504 88 117 51 80 14 0,542 29
9 Well Ne7 345 50 62 4,6 52 22 1,42 53
10 Well Ne8 4421 950 1012 47 856 49 112 170
11 Well Ne9 18164 | 331 8578 111 1580 395 489 2954
12 Well Ne10 3764 500 790 41 640 112 53 270
13 Well Nel1 8474 | 2000 | 2595 66 928 243 129 923
14 Well Ne12 649 57 422 4,3 61 15 3,94 53
15 Well No13 5199 159 1920 31 592 34 2,68 1037
16 Well No24 495 95 177 3,3 36 18 0,014 86
17 Well Nel5 264 18 95 2,0 29 6,4 0,630 15,33
18 Well Nel6 8465 | 1400 | 2693 48 690 165 114,8 145,0
19 Well Ne17 886 142 150 7,6 87 39 1,45 1125
20 Well Ne124 4344 58 1420 8,6 92 46 1117,0
21 Well Ne19 4183 900 1338 37 432 187 103,0 882,5
22 Well Ne212 707 80 331 4,9 70 17 3,33 92,61
23 Well Ne20 443 114 113 4,6 48 27 34 9,3
24 Limnytsia River 189 12 76 1,4 22 3,5 1,57 4,54

Studies of samples taken from Kalush mining wells showed that the maximum salt content value,
equal to 18164 mg/dm® was recorded in well Ne9. In this well, sulphate content is 331 mg/dm?,
chlorides — 8578 mg/dm?®, calcium — 1580 mg/dm?®, potassium — 489 mg/dm? and sodium —
2954 mg/dm®. In sample Ne9, sulphate content ranges from 117 mg/dm® (well Ne3) to 2000 mg/dm®
(well Ne11), which exceeds maximum permissible concentration by 1.17 to 20 times. Exceeding MPC
for chloride content was recorded in 10 samples: the lowest content was recorded in well No212 —
331 mg/dm®, the highest in well Ne9 — 8578 mg/dm®, which exceeds maximum permissible
concentration by 1.1-28.6 times respectively.

Calcium content in seven wells and magnesium in six wells is higher than the norm value of 180
mg/dm® and 40 mg/dm?® respectively. Recorded values of calcium content range from 432 mg/dm?®
(well Ne19) to 1580 mg/dm® (well Ne9), magnesium — from 49 mg/dm® (well Ne8) to 395 mg/dm?®
(well Ne9). Potassium norm value is equal to 50 mg/dm?, and according to the content of this element
in six samples, an excess of 1.06-9.8 times was recorded; potassium content varied from 53 mg/dm®
(well Ne10) to 489 mg/dm?® (well Ne9). Sodium norm value is 120 mg/dm®, and according to the
content of this element in 10 samples, an excess of 1.16 - 24.6 times was recorded; sodium content

varied from 139 mg/dm?® (well Ne3) to 2954 mg/dm?® (well Ne9).
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Figure 1 Aquifer salinization area within Kalush mining region
Conclusions

1. On the territory of Kalush mining region, which is located in Ciscarpathian area, salinization
of Quaternary horizon aquifer with potassium production waste is observed.

2. Agquifer salinization sources are salt pits, tailing storage facilities and storage tanks, which is
proven by hydrogeochemical studies.

3. Exceeding MPC in terms of chloride and sulphate content by 1.2 to 28 times is observed near
tailing ponds Ne2 and Nel, and salt pits Nel and Ne4.

4. According to hydrochemical observation results, it was established that Dombrovsky quarry
currently works as a drain.
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