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Abstract. The issue of wastewater treatment in open-pit mining of mineral
deposits is associated with great difficulties. Due to the constant tightening
of requirements for the quality of discharged wastewater, its treatment in the
sedimentation reservoirs and clarification ponds does not ensure the
achievement of MPC values; in addition, these treatment facilities occupy
significant areas of land. It should also be noted that the open-pit mines, as
a rule, have several water outlets remote from each other, besides changing
their location as the development of mining operations proceeds. For
example, OJSC "UK "Kuzbassrazrezugol" has more than 30 places of water
use, taking into account that the company structure includes 7 open-pit
mines. In the article some results of analyses of pit waste water before and
after its treatment in artificial filtering massifs at the mining enterprises of
Kuzbass are presented. Preliminary dependences of changes in pollutant
impurities in quarry water on different composition of coal waste have been
established.

1 Introduction

Currently, a significant part of the existing and prospective [4, 6, 7] Kuzbass open-pit
mines treat wastewater in artificial filtering massifs from coal waste [9, 11, 14, 19, 21, 23].
Given that the trend of growth in the rate of surface coal mining in Kuzbass persists [17, 30,
34-39], and as a consequence, the volume of water discharged by mines will inevitably
increase, further research is needed to improve the environmental safety of mining
operations. Industrial testing of wastewater treatment by filtration in overburden massifs was
conducted at treatment facilities built according to recommendations of the authors, at
enterprises of OJSC "UK Kuzbassrazrezugol", hereinafter referred to as "site 1" and "site 2".
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The research consisted in taking and analyzing samples of waste water before and after
treatment in the filtering massifs. The filter arrays were constructed from overburden mined
at the corresponding open pit.

2 Methods

The sediments of the Kuznetsk coal basin (Kuzbass) are represented mainly by sandstones,
mudstones, and siltstones. A large number of sediments are carbonized. Since these
overburden rocks are widely used for the construction of artificial filtering massifs for the
treatment of open pit wastewater, it is necessary to understand the influence of their
lithological constitution on the quality of treatment [31-33]. The mineral and microstructural
composition of rocks has a rather strong influence on the adsorption properties of rocks [1-3,
5,8, 10, 12, 13). For example, siltstone on carbonate cement will have a more pronounced
ability to absorb petroleum products than hard sandstone on siliceous cement [15, 16, 40].
This is due to the significant specific surface area and the more porous structure of the
argillite cement compared to the mentioned sandstone [20, 22, 24-29].

Since the sedimentary strata within Kuzbass are represented by different lithological
formations, the filtering capacities of the filtering massifs at different mining enterprises will
also be different.

In order to establish the influence of the lithological composition of rocks on their
filtration capacity, the rocks of different series of Kuzbass were studied at two different
enterprises. Mass spectrometry and chemical analysis methods were used to determine the
quality of filtered water. Water samples were taken both before and after filtration.

3 Results

The results of studies of changes in the composition and properties of wastewater during
filtration in the overburden are presented in Table 1. The obtained results of industrial
effluent treatment were compared; for the purpose of information protection [18] the
experimental sites are marked as "site 1" and "site 2".

It was established that the pH value decreases, the maximum value is 9.07; the minimum
value is 7.73. It is known that the concentration of hydrogen ions (pH) is due to the ratio of
concentrations of free carbon dioxide, bicarbonate ions, the content of humic substances,
basic carbonates and hydroxides. In our case, carbonates change similarly to pH.

Sulfates increase after the water passes through the filter at "site 2" and decrease at the
"site 1" open pit. Similar changes can be observed for chlorates, nitrites, nitrates and
carbonates. It can be assumed that as a result of prolonged contact (up to 7-8 hours) of
industrial effluents with the carbonaceous filter massifs, processes of leaching (washout)
occur, which lead to a change in the salt composition.

For example, sulfate content in open pit "section 2" after treatment increases by 4 times,
chloride-ion by 2 times, nitrate-ion by 2 times.

The increase in mineral salts when passing the filter arrays is found in three of the four
treatment plants. For example, in site 2 the dry residue increased 2,5 times, while in site 1 the
dry residue decreased from 400 mg/l to 300 mg/l, the content of anions and cations -
respectively from 311 mg/l to 254,5 mg/l and from 127,87 mg/l to 93,88 mg/1.

To explain these changes, it is necessary to investigate the processes that accompany
filtration through the array.

The oxidation index in all cases decreases by 0.48; 0.32; 0.48; 0.16 mg/l. It can be
assumed that the amount of substances oxidized by strong oxidizing agents (potassium
permanganate) decreases after filtration in all cases.
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At all filters there is an increase of total hardness by 0,5+20,75 mg-eq/l. Concentration of
cations of divalent alkaline earth metals, primarily calcium and magnesium, can increase in
the filtrate due to carbon dioxide, carbonate minerals or as a result of biochemical processes
occurring in wetted coal-rock massifs. The content of dissolved calcium salts in water and
changes in their concentration depend in vivo on the equilibrium of carbonic salts and carbon
dioxide. In very hard waters, the release of calcium carbonate can occur when carbon dioxide
equilibrium is disturbed and the carbon concentration decreases.

Table 1. Changes in water composition and properties during filtration in overburden rock.

. measuring
open pit unit K Na c Ve .
site 1 (before me/l 33 33.81 72.14 42.56 0.3
treatment)
site 1 (after not
eatmont mg/l 0.92 | Jireoreq | 30:06 74.18 0.28
site 2 (before mg/l 3.2 72.91 52.1 92.24 0.34
treatment)
site 2 (after mg/l 7.0 27.6 54.11 345.34 0.6
treatment)
open pit meiilui?ng COs; | HCOs SO4 Cl NO; NOs
site I (before o | 450 | 2806 | 7325 | 3318 | 140 | 62
treatment)
site 1 (after mg/l 18.0 | 219.6 | 8230 | 5772 | 0.01 2.5
treatment)
site 2 (before |y 180 | 170.8 | 3424 | 9545 | 001 | 248
treatment)
site 2 (after mg/l 120 | 1342 | 13260 | 5272 | 198 | 47.1
treatment)

Microelement analysis of industrial waste water was carried out for specific pollutants in
the industrial waste water of the quarries. The analyses showed that manganese is usually
present in water in dissolved form as divalent ions, and in undissolved form as hydroxides of
higher oxidation degrees. The table shows that at low initial concentrations, 10°3+102 mg/l,
the amount of manganese increases insignificantly. At initial concentration of manganese
0,42 mg/1 (site 1) after purification its amount decreases to 0,27 mg/l. At low concentrations
(10>+10"* mg/l) the amounts of such microcomponents as arsenic, selenium and fluorine
remain constant. Decrease of lead concentration by 102 mg/l and increase of strontium
concentration by 0.4-1.1 mg/l were noted.

The data obtained under laboratory conditions confirm our conclusions about the
possibility to influence the micro- and macro-component composition of industrial effluents
as a result of their filtration through a massif of coal waste.

Analysis of changes in the content of suspended solids during filtration, along with a
description of its mechanism, is considered in detail earlier and is not given in this article.

The composition of mine water after soaking in it various samples of sandstones and
siltstones showed that the amount of macroelements can increase, decrease or remain
constant depending on the composition of the rock. For example, the amount of calcium
cations decreases in all samples, while the amount of magnesium increases in three samples
and decreases in one siltstone. The amount of iron is constant in three samples (0.5 mg/L),
and in the fourth (siltstone) increased to 2 mg/L. The dependence of the macroelement
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composition of water on the different composition of carbonaceous wastes (siltstones,
sandstones) can also be traced on other indicators: chlorides, nitrates, carbonates, ammonia,
hardness and acidity.

Concentrations of strontium, barium, and titanium decrease in all samples.
Concentrations of aluminum, iron, silicon, copper, nickel, zirconium may decrease or
increase in relation to the initial values.

For subsequent studies, it was necessary to make a lithological composition of the coal-
bearing sediments of the Kuzbass.

The coal-bearing stratum of the Kuznetsk Basin is represented predominantly by the
upper part of the Carboniferous system and the entire Permian system. The deposits of these
systems consist of such terrigenous petrographic varieties as conglomerates, sandstones,
siltstones, mudstones, and organogenic deposits in the form of hard coal beds. The largest
portion is represented by sandstones (31.9 %), siltstones (44.3 %), and mudstones (16.7 %).
Conglomerates with gravelites, carbonaceous rocks, coal, and carbonate concretions account
for the rest, Table 2.

Table 2. Composition of the Upper Paleozoic coal-bearing sediments of the Kuznetsk Basin

Ratio of lithotypes, %
. ] Conglomerate,
ormation ;
gravelite, Sandstone | Siltstone | Mudstone Carbonaceous
carbonate rocks
concretions
Kolchuginsky series (P»-P3)
All formations | 3.5 | 260 | 496 | 208 | 0.1
Yerunakovskaya subseries
All formations 5.0 26.2 47.8 20.9 0.1
Tailugan 4.8 26.7 49.8 18.6 0.1
Gramoteinskaya 6.1 25.9 51.7 16.2 0.1
Leninskaya 4.7 259 43.4 259 0.1
Ilyinskaya subseries

All formations 1.8 25.8 51.2 21.1 0.1
Uskatskaya 3.5 20.6 51.4 24.4 0.1
Kazankovo-

Markinskaya 1.0 28.2 51.2 19.5 0.1

Kuznetsk subseries
All formations | 3.4 | 261 | 505 | 200 ] -
Balakhonskaya series (Ci-P1)
All formations | 1.4 | 459 | 393 | 113 ] 2.1
Upper Balakhon subseries (P1)
All formations 1.3 53.5 37.2 5.5 2.5
Kemerovskaya 1.1 55.9 31.1 9.0 2.9
Ishanovskaya 0.6 53.2 41.9 2.0 2.3
Intermediate 1.8 52.4 38.2 5.1 2.5
Lower Balakhon subseries (C,.3)

All formations 1.6 394 39.1 17.0 2.9
Alykaevskaya 1.3 40.9 35.0 19.9 2.9
Mazurovskaya 1.9 37.8 43.8 13.7 2.8
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The analysis of Table 2 clearly shows that the Upper Permian deposits of P»
(Kolchuginsky series) consist of 67.4% siltstones and mudstones (clayey varieties) and
sandstones occupy only 24.9%, whereas in the Lower Permian deposits of P sandstones
prevail (51%) and siltstones and mudstones account for 35-43%.

Sandstones are characterized by higher strength, less tendency to softening and soaking,
and greater water permeability.

4 Conclusion

Thus, more favorable conditions for construction of artificial filtering massifs for treatment
of waste water exist at coal enterprises that mining coal seams of the Upper Balakhon sub-
series’ formations of the Balakhon series (Kemerovskaya, Ishanovskaya, Intermediate
formations). At the coal mines operating in the coal-bearing sediments of the Kolchuginsky
series, it is advisable to make a selective dumping of overburden into the filtering massifs to
ensure the predominance of sandstones in them.
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