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Abstract

Suspended solids are the predominant pollutants in the wastewater of coal enterprises. The basic wastewater
treatment system regulated in BAT No. 15 ITC-37-2017 does not ensure water quality meets the discharge
standards for fishery water bodies. The gravitational sedimentation method used in this technology is
effective for coarse particles. However, colloidal systems formed from fine insoluble fractions are challenging
to separate in a gravitational field. As an effective method for removing suspended solids from wastewater,
we recommend filtering through a stationary layer of granular filtering materials. The study investigates
the kinetics and dynamics of filtering suspended particles from the wastewater of coal enterprises using
various filtering materials. Sedimentation curves of suspended solids from quarry wastewater have been
constructed. The dependence of wastewater treatment efficiency on the size of filtering material fractions has
been identified. The study provides an evaluation of the effectiveness of using natural filtering materials for
treating wastewater from coal enterprises. The experiments demonstrated that the most efficient and cost-
effective granular filtering material is quartzite from the Bobrovskoye deposit, which we recommend using in a
combination of fractions 20-50 and 0.7-12 mm (in a ratio of 1:2). The optimal flow rate of wash water during
the regeneration of the granular filter is also determined.
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Vicnonb3yeMblit B JAHHOV TEXHOJOTMM METOH, TPaBUTALIMOHHOTO OCAXIEHMUS B IpyHax-OTCTOMHMKAX 3(d-
dexTuBeH 111 TpybOMMCIIEPCHBIX YacTuIll. OmHaKO (HOpMUPYIOIIMECS] KOJUIOMAHbIE CUCTEMBI U3 MEJTKOIVC-
TepCHBIX HEPACTBOPUMBIX (Dpakiuii SBISIOTCS CIOKHBIMU IJIs1 PasfeneHus] B yOUIOBUSIX TPAaBUTAIMOHHOTO
nonis. B kauectBe 3¢ (eKTMBHOTO MeTONa yIOAJIeHNs] B3BEIIEHHBIX BENIECTB U3 CTOYHBIX BOJl PEKOMEHTyeM
MCIIONb30BaTh (PYIbTPOBaHME Uepe3 CTALMOHAPHBIN (10l GUIBTPYIOMINX 3€pPHUCTBIX MaTepuaaoB. B pa6o-
Te MPOBEJEHO MCCIe0BaHMEe KMHETUKY U TUHAMUKY (PUIbTPOBaHMS B3BELIEHHbIX YACTUI] U3 CTOYHBIX BOJ,
YTONBHBIX MPENNPUITHI Ha GUIBTPYIOIMX MaTepuasax pasanaHoii npupozst. [locTpoeHb! KpUBbIe IPaBUTA-
LMIOHHOTO OCaXXAeHMSI B3BEIIeHHBIX BeLeCTB M3 KapbePHbIX CTOYHBIX BOZ,. BbIsiB/IeHa 3aBUCUMOCTDb CTEIeHU
OUMCTKM CTOYHBIX BOJ OT pasMepa Gpakiuii GpuiabTpyomyx MaTepuanoB. B pabore npuBeneHbl pe3y/bTaTh
onieHKM 3 eKTUBHOCTY MpUMeHeHMs PYIbTPYIOIMX MaTepuaaoB MPUPOTHOTO MPOUCKOKIEHMSI IJIST OUUCT-
KV CTOYHBIX BOZ, YTOJIbHBIX NIPEIIIPUSTUI OT B3BELIEHHBIX BellleCTB. Pe3ynbTaThl 3KCIIePUMEHTOB MTOKa3aJIH,
yTo Hanbosee 3pbeKTUBHBIM U JOCTYITHBIM 3€PHUCTHIM (QUIBTPYIOLIMM MaTepHUaioM SIBISIeTCSI KBapunuT bo-
OGPOBCKOTO MECTOPOXKIEHNSI, KOTOPbI/i Mbl pEKOMEHAYEM MCIIO/Ib30BaTh, KOMOMHMPYs ero dhpakuyy 2,0-5,0
n 0,7-1,2 (B cootHOoweHun 1:2). OnpeneneHa ONTMMalbHasi CKOPOCTb IIOAUM IIPOMBIBOUHBIX BOJ, HA 3Tare
pereHepanyyu GWIbTPa C 3€pHUCTON 3arpy3KOiA.

KnioyeBble cnosa
YrOoJIbHbIE TIPEeOIIpusaTIS, KBApUIUT, B3BEIIEHHbIE€ BeIlleCTBa, CTOUHbIE BODI, (bI/IJ'IprOBaHI/[e, MeXaHn4yeckKast
OUYMCTKa
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OHHOTO IIMK/Ia «Pa3paboTka 1 BHeApeHe KOMIIJIeKCa TEXHOIOIMIA B 06/1aCTSIX pa3sBedKy U JOObIUM MOIe3HbBIX
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Introduction

Suspended insoluble substances, formed as a re-
sult of drilling, blasting, excavation, and transpor-
tation of coal and rock at coal mines, are among the
predominant pollutants in coal enterprise waste-
water [1].

When organizing recirculating water supply sys-
tems, such as using wastewater to supply beneficia-
tion plants, the high content of suspended solids in
the water can lead to a reduction in the quality of the
obtained concentrates, as well as increased wear on
pipes and pumps.

Mineral dust particles form various systems in
water depending on the degree of dispersion, such as
suspensions, emulsions, colloidal solutions, etc.

Most coal mines located in the Kemerovo region
(Kuzbass) have a wastewater treatment system cor-
responding to the basic treatment regulated by BAT
No. 15 ITC-37-2017 “Coal Mining and Beneficiation”,
which includes the process of sedimentation of sus-
pended solids under the action of gravity in sedimen-
tation ponds and filtration through the dam filter ma-
terial [2].

Settling of quarry wastewater in sedimentation
ponds is the most common method and is used in
the first stage of treatment. This method is effective

for removing large particles with a size greater than
2 mm. For such particles, the efficiency of sedimen-
tation reaches 90-100%. Moreover, this method al-
lows the removal of 40-60% of coarse and medium
sand particles with a size greater than 0.25 mm [3].
The presence of difficult-to-settle silty and clay par-
ticles smaller than 10 pym in high concentrations
makes sedimentation ponds insufficiently effective.
Typically, they do not allow achieving regulatory
concentrations for suspended solids in discharged
wastewater, even when using a cascade of filtering
dams. Furthermore, sedimentation ponds with re-
gulated water discharge are not adapted to function
under conditions of sharp and significant changes
in wastewater flow rates, which may be caused by
the peculiarities of mining and meteorological con-
ditions [4].

The main body of the filtering array is often
made of [5]:

- native overburden rocks;

- coarse gravel with fractions of 100-200 mm;

- medium gravel with fractions of 60—100 mm;

- burnt rock;

- quartz sand or zeolite.

The use of native overburden rocks as a filtering
material for the cascade of dams for treating quarry
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wastewater has a significant drawback, which is the
accumulation of predominant pollutants during op-
eration, followed by their leaching, leading to an in-
crease in their concentration in the treated water.

Monitoring the quality of discharged wastewater
from coal mines showed that the quantitative content
of suspended solids exceeds the regulatory values and
varies throughout the year, with the maximum peak
observed from May to July [6].

The aim of this study is to assess the efficiency
of treating coal mine wastewater from suspended
insoluble anthropogenic contaminants by filtration
through a granular media layer.

The research tasks included:

- conducting field measurements of suspended
solids content in coal mine wastewater;

- investigating the kinetics of gravitational sedi-
mentation of suspended solids from wastewater;

— analyzing the filtering capacity of natural ma-
terials;

- determining the effectiveness of wastewater
treatment from suspended solids by forming a wor-
king layer through a combination of different mate-
rials and fractions;

- determining the optimal flow rate of wash wa-
ter during the regeneration of the granular filter.

Research Methods

We recommend using a non-reagent method of
treating quarry wastewater from suspended solids —
filtration [7-9]. This method can be used either inde-
pendently or as one of the stages of a comprehensive
zero-discharge technology, depending on the con-
centration of contaminants in the source water [10].

For analyzing suspended solids, we used the
method described in PND F 14.1:2:4.254-2009
“Quantitative Chemical Analysis of Water. Method
for Measuring Mass Concentrations of Suspended
Solids and Ignited Suspended Solids in Samples of
Drinking, Natural, and Wastewater by Gravimetric
Method”.
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The dispersed composition of suspended parti-
cles in wastewater was determined using a particle
size analyzer according to GOST 8.774-2011.

Laboratory studies were conducted to select
a filtering material for loading into a filter column
installed at the inlet of the comprehensive zero-dis-
charge wastewater treatment technology system.

Characteristics of research objects
To analyze the efficiency of wastewater treatment
from suspended solids by filtration, natural materials
of different chemical compositions were chosen as re-
search objects (Table 1).

Results of research on wastewater treatment
from suspended solids using filtering materials

The study of sedimentation of suspended solids
under kinetic conditions was carried out using quar-
ry water sampled from a sump in autumn and spring
(with concentrations of 103 and 126 mg/dm?3, respec-
tively), where clay particles with a fraction size of
0.005 pym predominated.

The kinetics of gravitational sedimentation of
suspended solids from wastewater is shown in Fig. 1.
The analysis of the sedimentation curves reveals two
stages, each with different process speeds. In the first
100 minutes, a significant reduction in the concentra-
tion of suspended solids is observed due to the sed-
imentation of particles predominantly larger than
0.005 pm. Subsequently, a significant decrease in
the sedimentation rate of fine particles smaller than
0.002 um occurs, which are difficult to separate under
gravitational field conditions. The concentration of
suspended solids in the samples reached its minimum
value (20 mg/dm?) only on the fifth day and then re-
mained unchanged.

The results of gravitational sedimentation showed
that gravitational forces are insufficient to cause the
settling of colloidal impurities. Another characteristic
feature is the sediment’s instability in both sedimenta-
tion and aggregation [11].

Tablel 1
Chemical composition of filtering materials, %

Filtering material Sio, Al,0; |Fe,O;006m| MnO CaO MgO Na,O K,0
Zeolite from Holinsky deposit (Chita Region, | ¢ 7 | 5 37 230 | <001 | 1490 | 126 | 0.14 | 1.24
Russia)
Sorbept AS (catalytic aluminosilicate) 46.8 1.0 6.12 <0.01 0.6 0.1 0.72 B
(Russia)
Filter-Ag (USA) 70-73 14 1.5-3.5 | 0.2-2.5 - - 2.5 1.5
Filtering Material MFU (Russia) 80 7 5 4 - 3
Sorbept MS (catalytic aluminosilicate) 16.9 0 953 1.7 0.34 6.2 0
(Russia)
Quartzite from Bobrovskoye deposit (Russia) | 98.7 1.3 0.6 - - - -
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The obtained results confirm the need for fur-
ther treatment of wastewater from suspended solids
in the colloidal group after the sedimentation ponds,
where laminar flow is organized for sufficient remo-
val of coarse particles. An effective method for further
treating wastewater from colloidal particles is dy-
namic filtration using column-type apparatuses with
granular media [12].

Wastewater exiting sedimentation ponds, with
a suspended solids concentration of 62 mg/dm? and
a predominant particle size of 0.005-0.02 ym, was
passed through a laboratory setup, the schematic of
which is shown in Fig. 2, where the filtering granular
media was varied.

The laboratory setup consists of a filtering co-
lumn with a granular media layer height of 0.50 m and
a diameter of 0.1 m. The treated water is fed from the
top at an initial rate of 8 m/h. The degree of wastewa-
ter treatment using various filtering media was deter-
mined after passing 200 liters.

Before the start of mechanical filtration, pre-trea-
ted and settled water was poured into tank E1, from
which it was pumped by pump N1 into the filtering
column FZ with granular media. The filtration rate
was adjusted by valves K1 and K2. The resulting fil-
trate was collected in an intermediate tank.

The degree of wastewater treatment from sus-
pended solids was calculated using the formula [13]:

e =S =Cuqqp,
C'0
where ¢ is the degree of wastewater treatment, %; C, is
the initial concentration of suspended solids, mg/L; C,
is the concentration of suspended solids at the column
outlet after passing 200 liters of wastewater, mg/L.

The experiment results are presented in Table 2.

The laboratory experiment data showed that Fil-
ter Ag and quartzite from the Bobrovskoye depos-
it provide the highest degree of treatment of model
solutions from suspended solids.

Table 2
Concentration of suspended particles and degree of wastewater treatment
.. q Concentration of suspended
Initial concentration A Degree
Filtering material of suspended solids, sohd:s atz((:)(())him? outlet after of treatment,
mg/L passing of wastewater, %
mg/L
Filter Ag 62.32 1.47 97.64
Filtering material MFU 60.54 42.94 29.02
Sorbent AS 59.42 54.74 7.84
Zeolite from Holinsky deposit 68.20 22.73 66.67
Sorbent MS 62.34 29.75 52.24
Quartzite from Bobrovskoye deposit (fraction 2-5) 64.50 9.28 85.61
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Fig. 3. Dependence of treatment degree on the fraction size
of quartzite material from the Bobrovskoye deposit

The results of studying the influence of the frac-
tional composition of the filtering material on the
degree of treatment of model solutions from suspen-
ded solids were conducted on quartzite material from
the Bobrovskoye deposit. The results are presented
in Fig. 3.

As the experimental data indicated, the treatment
degree decreases with increasing fraction size. This is
explained by the increase in the size of the channels
between the particles of the granular material, which
reduces the hydraulic resistance of the stationary ma-
terial layer and, accordingly, insufficiently decreases
the kinetic energy of suspended particles for their re-
tention in the filtering media layer.

elSSN 2500-0632

https://mst.misis.ru/

Ivanova L. A. et al. Assessment of the efficiency of wastewater treatment from coal enterprises...

Aliterature review showed that one of the ways to
improve the efficiency of wastewater treatment from
suspensions is to form a combined granular media
loading [14]. Typically, the material with the largest
particle size is used first in the direction of the trea-
ted wastewater flow, gradually decreasing it towards
the column exit. Additionally, using the principle of
combining filtering materials allows for a reduction
in wastewater treatment costs [15, 16].

To compare the efficiency of combining granular
media loading, a model setup with two layers of dif-
ferent fractions or filtering materials was assembled.
The experiment results are presented in Table 3.

The analysis of experimental data showed that
the highest degree of suspended solids removal is
achieved when using a combination of filtering ma-
terials — quartz sand and Filter Ag (in a ratio of 1:2).
The lowest degree of suspended solids removal was
observed when using a combination of filtering ma-
terials—quartz sand with particles of 1.0-2.0 mm
and zeolite (in a ratio of 1:2). At the same time, the
highest unit cost of wastewater treatment is associ-
ated with loadings that include zeolites (which have
a low degree of suspended solids removal) and Fil-
ter Ag (which is high cost and lacks local production
in Russia).

Thus, the most effective and accessible granular
filtering material is quartzite from the Bobrovskoye
deposit, which we recommend using in a combi-
nation of fractions 2.0-5.0 and 0.7-1.2 (in a ratio
of 1:2).

Table 3
Degree of wastewater treatment from suspended particles using a combined granular media layer
Amount of treated | Cost of loading D
Filtering material water before for laboratory of was i
reaching MAC, L setup, Rubles freatment peciter;
> > Rubles/L

Quartzjte from Bobrovskoye deposit, fraction 2.0-5.0/0.7-1.2 480 150 031
(inratio 1:2)
Quartzjte from Bobrovskoye deposit, fraction 2.0-5.0/0.8-2.0 250 145 0.58
(inratio 1:2)
Quartzjte from Bobrovskoye deposit, fraction 1.0-3.0/zeolite 180 162 0.90
(inratio1:1)
Quartzjte from Bobrovskoye deposit, fraction 1.0-3.0/zeolite 100 123 1.23
(inratio 1:2)
Quartzite from Bobrovskoye deposit, medium fraction
1.0-3.0/zeolite (in ratio 2: 1) 250 140 0.56
Quartzite from Bobrovskoye deposit, fraction 2.0-5.0/Filter Ag 720 433 0.60
(inratio 1:2)
Quartzite from Bobrovskoye deposit, fraction 2.0-5.0/quartzite
from Bobrovskoye deposit, fraction 0.7-1.2 /Filter Ag (in ratio 580 291 0.50
1:1:1)
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Fig. 4. Dependence of the expansion of quartzite media from the Bobrovskoye deposit,
fraction 2.0-5.0/0.7-1.2 (in ratio 1:2), on washing intensity

To restore the filtering capacity of the granular
media, its regeneration is carried out through back-
washing.

The optimal percentage of granular media expan-
sion during regeneration is 30% [17]. To achieve the
desired expansion, each type of granular media re-
quires its specific wash water flow rate.

To determine the optimal intensity of backwash-
ing for the studied filtering materials, a series of ex-
periments was conducted. The dependence of the fil-
ter layer expansion on the wash water flow rate was
recorded on the filtering column described above.
Wash water was supplied to the filtering column from
below and drained from the top, with the washing in-
tensity regulated by valve K2.

For each type of filter media, the dependence of
its expansion on the wash water flow rate was deter-
mined. The graph of the expansion dependence for
the quartzite media from the Bobrovskoye deposit,
fraction 2.0-5.0/0.7-1.2 (in a ratio of 1:2), is pre-
sented in Figure 4.

Based on the analysis of the data, it can be con-
cluded that the optimal wash water flow rate for ef-
fectively regenerating the combined filtering media -
quartzite from the Bobrovskoye deposit, fractions
2.0-5.0/0.7-1.2 (ina 1:2 ratio)—is 12-13 L./m?-s.

Conclusion

Insoluble suspended substances are the prima-
ry pollutants in quarry wastewater. The simplest
and most cost-effective method for treating this
type of wastewater is filtration through a stationary
granular layer of filtering material. Coal mining en-
terprises commonly use the wastewater treatment
system recommended by BAT No. 15 ITC-37-2017
“Coal Mining and Beneficiation”. This system in-
cludes sedimentation ponds, which are open earthen
basins constructed either by excavation (e.g., pit-
type sedimentation ponds) or by damming natural
ravines with combined mineral material dams (e.g.,
ravine-type sedimentation ponds). For additional
treatment of quarry wastewater, we recommend fil-
tration using granular media filters.

Among the materials studied, quartzite from
the Bobrovskoye deposit, used in combination with
various fractions for two-stage filtration, demon-
strated the highest efficiency. To restore the filter-
ing capacity of the granular media, backwashing is
used for regeneration. For effective regeneration
of the combined filtering media—quartzite from
the Bobrovskoye deposit, fractions 2.0-5.0/0.7-1.2
(in a 1:2 ratio) — the optimal wash water flow rate is
12-13 L/m?-s.
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