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Mine water is polluted at all stages of the technological process. Its physical-chemical composition and properties are very diverse,
vary significantly across coal basins, deposits and regions, and are formed under the influence of many factors. The constant transition
of mining operations to deeper horizons leads to an increase in the volume and pollution rate by various chemicals in the water that
taken along.

That is why mine water in most cases is not suitable for drinking water supply purposes and has properties that preclude its use
for technical purposes or discharge into reservoirs without pre-treatment. With the help of existing mine water treatment technologies
at coal mining enterprises, only large suspended solids can be retained, as a result of which insufficiently treated mine waters that do
not meet the normative indicators of surface water quality enter the adjacent water ponds.

The paper deals with the improvement of the existing technological scheme of mine water treatment on the basis of their additional
purification by a filtration method. It is proposed to install rapid sand filters with upward flow of liquid to the entire inflow at the final
stage of pre-clarified mine water purification.

The implementation of the proposed technological scheme of mine water treatment at the coal mining enterprise reduces the content
of fine suspended particles in the treated water to 5 mg/l. This will allow, firstly, to use the treated water for the production needs
of the mine and its own needs of treatment facilities, and, secondly, to discharge the excessive water into the adjacent surface water
ponds, not exceeding the relevant standards of their quality. Key words: mine water afterpurification, suspended solids, clarifying
ponds, filters with ascending fluid flow, surface water quality standards.

YnockoHaIeHHs1 TeXHOJIOTIYHOI CXeMH OYMCTKHM HIAXTHUX BOJ HA OCHOBi BIPOBAIKCHHSl IIBHAKHMX HimaHux ¢inbrpis.
Kyaikosa /I.B., Kopos O.C.

IlaxTHa Bojia 3a0PY/IHIOETHCS HA BCIX CTAisAX TEXHONOTUYHOTO MPOLECY BUPOOHUITBA. 1i ()i3uKko-XiMiuHHMil CKIaj i BIACTHBOCTI
Jly’)Ke pi3HOMaHIiTHI, iICTOTHO 3MiHIOIOThCS 32 BYTiIbHUME OaceiiHamMHu, pOfOBHINAMY 1 paifoHaMu Ta (OPMYIOTBCS ITijl BIUIMBOM Oara-
THOX YMHHHKIB. [TocTiliHMH nepexix ripchbkuxX poOiT Ha OLIBII IMOOKI TOPU30HTH NMPU3BOAUTE J10 301IBIIEHHS 00CSTIB 1 3a0pyIHEHO-
CTi PI3HUMH PEYOBHHAMH BOJ, 10 MOIYTHO 3abupatoThesi. CaMe TOMy IIaxTHa BoJa 31e01IbIIOro HEpHIaTHA U1 HUTHOTO BOJIOIIO-
CTa4yaHHS 1 Ma€ BIACTHUBOCTI, 1[0 BUKJIIOYAIOTH i1 BUKOPHCTAHHS B TEXHIYHUX LIIAX a00 CKUA y BoHoiiMu Oe3 monepeaHpoi 0OpoOKH.

V 3B’s13Ky 3 HApOCTAIOYMM JIeillTOM CBIKOT BOIH i 301IbILICHHAM KiJIBKOCTI MPOMHCIIOBUX CTIYHUX BOJ, 10 CKHIAIOTHCS B IIPHU-
JIeTTi BOJOWMM, BEJIMKOTO 3HaueHHS HaOyBa€ NMUTAHHS OYHMIIEHHS Ta BHKOPHCTAHHS OCTAaHHIX JUIS TEXHIYHOTO BOJOIOCTaYaHHS.
3a I0IOMOTOI0 ICHYIOUHX METOAIIB Ha BYyIVIeAOOYBHUX IIIIPUEMCTBAX TEXHOJIOTIH OUHIIEHHS IaXTHUX BOX MOXKHA 3aTPUMATH TLTBKH
KPYITHI 3aBHCIII JOMIIIKH, BHACIIIOK YOTO B MPUJIETINI BOJAHI 00’ €KTH HaAXOAATh HE JOCHTH OYHIIEHI IAXTHI BOAH, SKi HE BiINOBia-
I0Th HOPMATUBHHUM NOKa3HUKAM SIKOCTi IIOBEPXHEBHUX BOJOHM.

VY cTarTi 3anpONOHOBAHO BJOCKOHAIUTH iCHYIOYY TEXHOJIOTIUYHY CXEMY OYMCTKH IIAXTHHX BOJ Ha OCHOBI IXHBOTO JOOYHIICHHS
MeTomOM (iIBTpYBaHHS. 3alPOIIOHOBAHO HA 3aBEpPIIAIBFHOMY €Talll OYHINEHHS ITONEPeTHHO OCBITICHOI IIAaXTHOI BOAM BCTAHOBHTHU
MIBUIKI BIAKPUTI (GUIBTPH 3 BUCXITHUM MTOTOKOM PiIMHH Ha BECH IMPHUTOK.

BrpoBamkeHHs 3aIpOIIOHOBAHOT TEXHOIOTTYHOT CXEMU OYMCTKHU IIAXTHUX BOJ HA ByIIeN00YBHOMY MiANPHEMCTBI 3HHXKYE BMICT
TOHKOJJMCIIEPCHUX 3aBUCIIMX YaCTHHOK Y JOOYMIIEHIH Boi 10 5 Mr/i1. Lle 103BONNTh BUKOPUCTOBYBATH JOOYHUIICHY BOAY Ha BUPOO-
HUYi OTpeOH MIAXTH Ta BIACHI HOTPEOH OYMCHUX CHOPY/, Ha UTHIIOK MOXKHA CKHUJIATH 10 NPHIETINX IIOBEPXHEBUX BOJOHM, He Iepe-
BHIIYIOYH BiJIIOBITHUX HOPMATHBIB iXHBOI AKOCTi. K70u06i c106a: NOOUHIIEHHS MAaXTHUX BOM, 3aBUCIi PEYOBHHH, CTAaBKU-OCBITIIIO-
Badyi, QiIBTPH 3 BUCXITHUM TIOTOKOM PiJHHH, HOPMATHUBH SIKOCTI TOBEPXHEBHUX BOIOWM.

Formulation of the problem. Any human activ-
ity is associated with the transformation of the natural
environment, but the most large-scale transformation
of nature is caused by mining, among which the first one
is coal mining. The underground mining of coal causes
a significant negative impact on the environment, which
leads to significant changes in its ecological condition.

The most negative impact on the water ponds
of coal-mining regions is caused by the discharge
of waste waters by mining enterprises. This is due to
their huge inflow rates, low quality in many respects

that do not meet modern requirements of “The rules
for protection of surface waters from pollution” [1], as
well as the large-scale impact of coal mining processes
on water ponds for a long time in a huge area. That is
why mine water is a dangerous component of modern
industrial production, which brings irreversible changes
to the environment, deteriorating the quality of water in
natural reservoirs.

Research topicality. Due to the growing shortage
of fresh water and the increase in the amount of indus-
trial wastewater discharged into adjacent reservoirs,
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the issue of treatment and use of the latter for technical
water supply is of great importance. This will, on the one
hand, reduce the use of drinking water for the needs not
related to drinking and domestic water supply, and,
on the other hand, improve the sanitation of surface
and groundwater.

Despite the growing scientific and technical capabil-
ities, the problem of surface water protection and, in par-
ticular, sanitary protection of water ponds from pollution
by mine waters remains quite topical [2-3].

Relation of copyright work with important sci-
entific and practical tasks. The application of the pro-
posed and improved technological scheme of mine water
treatment at the coal mining enterprise reduces the con-
tent of suspended solids after the first stage of purifica-
tion in clarifying ponds to 30-50 mg/l. After the second
stage of purification in rapid open granular filters with
ascending liquid flow, the content of fine suspended
particles in the purified water is reduced to 5 mg/l.
This allows, firstly, to use it for the production needs
of the mine and own needs of treatment facilities, and,
secondly, the excess of treated water can be discharged
to the adjacent surface water ponds, not exceeding
the relevant standards of their quality.

Analysis of recent research and publications.
Based on the requirements for water quality, the main
methods of purification of mine water from suspended
solids refer to sedimentation in settling tanks and clari-
fying ponds and filtering through a layer of granular
material, mesh and fabric etc. The research works [4-8]
and practical experience of mine water treatment shows
that the applied methods of treatment and facilities
have a certain efficiency, which is achieved with opti-
mal technological parameters of the facilities and their
proper operation.

The technological scheme with clarifying ponds can
be effectively used for treatment of mine waters, in which
suspended solids have good sedimentation properties,
i.e. kinetically unstable and capable of coagulation with-
out the introduction of chemical reagents (coagulants).
In this case, the technically achieved quality of puri-
fied mine water after the clarifying pond on the content
of suspended solids does not exceed 30-50 mg/1 [9].

The advantage of wastewater treatment technology
using clarifying ponds is a combination of water clarifi-
cation and sludge storage processes, simplicity of instal-
lation and operation, as well as high efficiency and reli-
ability of their operation. Especially good results are
obtained in the initial period: the water in the ponds is
completely purified. Then, as the sediment accumulates,
the cleaning efficiency decreases, the amount of sus-
pended solids at the outlet exceeds the allowable con-
centrations and these waters can be used for domestic
purposes only after additional treatment.

In [10-12] the results of researches on development
of methods, both mechanical, and reagent purification
of mine waters are resulted. Based on the performed
research, depending on the properties of the source mine

water and the requirements for the quality of treated,
technological schemes of mine water treatment have
been developed and implemented [13].

The difference in the composition and techno-
logical properties of mine water, on the one hand,
and the requirements for the quality of treated water,
on the other hand, does not allow choose one univer-
sal technological scheme, which in all cases would pro-
vide the required degree of purification and be the most
economical.

Selection of previously unresolved tasks of the gene-
ral problem. In practice, the purification of mine water
from suspended solids is carried out using different
methods and structures, which differ significantly from
each other in efficiency and other technical and eco-
nomic parameters.

Analysis of existing methods and means for reducing
the level of environmental hazard due to discharge
of contaminated mine water by coal mining companies
into surface water ponds showed that it is possible to
retain only large suspended impurities (coal particles
and rocks) using of existing mine water treatment tech-
nologies. As a result, about 95% of insufficiently treated
mine water are discharged into surface reservoirs, which
leads to siltation of water ponds.

The purpose of the paper is to improve the techno-
logical scheme of mine water treatment on the basis
of their additional treatment by filtration to effectively
reduce the content of fine suspended solids to the norma-
tive indicators of surface water quality.

The research novelty refers to improvement
of the technological scheme of mine water treatment
at existing coal mining enterprises by installing fast open
granular filters with ascending fluid flow to the entire
inflow at the final stage of purification. It allows remove
notonly coarse suspended solids butalso fine coal androck
particles from wastewater, the content of which can
reaches 50-70% of the total mass of the dispersed phase.

Methodological or general scientific significance.
Compliance with the “Rules of protection of surface
waters from pollution by return waters” due to the imple-
mentation of the proposed technological scheme for mine
water treatment allows show the ability of self-cleaning
of reservoirs and watercourses in full, which leads to
maintaining cleanliness and sanitation of adjacent areas.

Outline of the main material. The discharge of mine
water into reservoirs is regulated by the “Rules for
the protection of surface waters from pollution by return
waters” [1]. First of all, the rules envisage the restric-
tion of the discharge of such wastewater into reservoirs,
which can be used in rational production technology
through return water supply systems, as well as with
the observance of the necessary sanitary requirements
in agriculture.

According to the value of the maximum concentra-
tion of suspended solids in the water intended for use, all
major consumers (technological processes and devices)
can be divided into two groups. Group I includes techno-
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logical processes of wet coal beneficiation, preventive
siltation and hydro-laying, prevention of spontaneous
combustion and extinguishing of waste heaps, hydraulic
extraction, hydraulic transport and boiler rooms (hydro-
ash removal), group II — boiler rooms (steam produc-
tion), stationary compressor and degassing units, condi-
tioning facilities, dust removal equipment.

Group I consumers do not have high requirements for
water quality in terms of the concentration of suspended
solids and can consume mine water without preliminary
treatment. Experience shows that the use of untreated
mine water by these consumers in compliance with other
indicators of chemical composition does not lead to any
undesirable consequences.

The concentration of suspended solids in water
intended for consumers of group II should be in the range
of 5-30 mg/l. Based on this, mine water can be used by
consumers of group 11, as a rule, subject to pre-treatment
of suspended solids.

In general case, the technology of neutral mine
water treatment includes a number of technological
processes. In each case, depending on the composition
and technological properties of mine water, the require-
ments for the treatment efficiency and the characteris-
tics of the applied methods and devices, individual pro-
cesses can be completely excluded from the technology
or combined with other processes. In addition, the same
technological processes can be carried out using differ-
ent structures and devices in their design. These circum-
stances cause a great variety of technological schemes
used in practice.

To compare them with each other and present tech-
nical and economic assessment, the general require-
ments for treatment technology and treatment facilities
are developed. They are described as it follows [13]:

— purification technology should include 3 main
stages: removal of suspended solids (or clarifying), dis-
infection of water, treatment (or storage) of sludge;

— removal of suspended solids should be carried out
in one or two stages depending on their concentration in
the source mine water;

— treatment technology must ensure the receipt of the
required quality of treated water by changing the quan-
tity and quality of source mine water according to the

seasons of the year, as well as a result of opening new
horizons and development of new areas of the mine field,

— the quality of mine water treatment should ensure
the possibility of widespread use of treated water for
production needs of enterprises and meet the conditions
of discharge of excess volume into reservoirs;

— treatment plants should be reliable in operation,
economical, easy to build and operate, as compact as
possible and should not occupy large areas suitable for
use in the national economy;

— technological processes of water purification and
sludge treatment should be as amenable to mechaniza-
tion, remote control and automation;

— the set of technological schemes of treatment
should cover all possible range of change of inflows,
structure and technological properties of mine waters.

Based on the analysis of the research results, prac-
tical experience in applying various technological
schemes of mine water treatment and identifying com-
pliance of these schemes with the above general require-
ments, the most modern and effective technological
schemes of mine water treatment using clarifying ponds
are selected and presented in the Table 1.

Technological schemes provide different degrees
of mine water treatment. Purification from suspended
solids is carried out in one or two stages. In two-stage
technological schemes, depending on the specific con-
ditions, the whole volume of mine water or only a part
of it can be subjected to deep purification. Each techno-
logical scheme provides the set efficiency and is the most
economic only in certain, characteristic for it conditions
of application, at a certain structure and technological
properties of mine water.

According to these technological schemes, waste-
water treatment plants are designed to clean from sus-
pended solids and disinfection of neutral mine waters
with pH = 6.5-8.5 in order to use them for the manu-
facturing needs of the mine and neighboring enterprises,
as well as to prevent water pollution due to discharge
of excessive volume of mine waters.

The total concentration of suspended solids in the pri-
mary mine water is not limited. The content of fine par-
ticles with a hydraulic size less than 0.05 mm/s should
not exceed 50 mg/l. The above mentioned methods

Table 1

Conditions for the application of technological schemes using clarifying ponds and indices
of cleaning efficiency [13]

Productivity Concentration of suspended solids, mg/l:
Manufacturing scheme of treatment facilities, in the primary in purified water
m’/hour water after 1% stage | after 2" stage
Large-capacity settling pond not limited not limited 30-50 -
Cascade of settling ponds not limited not limited 20-30 -
Settling pond and quick filters not limited not limited 30-50 10-20
on part of the inflow
ceting pond and rapid filters not limited not limited 30-50 to5
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a solution of flocculant. Polyacrylamide
(PAA) is used as a reagent to reduce
the amount of precipitate. Preparation
of a concentrated solution of flocculant
takes place ina soluble tank 5 with mech-
anical stirring. From the soluble tank 5,
the concentrated flocculant solution is
pumped by the pump 2 into the flow

flocculant solution

inflow of mine
water for
purification

tank 6, diluted in it to the working
concentration and dispensed by means
of a float dispenser into the mine water
to be purified before it enters the filters.

The filters are flushed with purified
mine water from the tank 7 by means
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water basin

purntied nune
waler

© =

washing water

Fig. 1. Improved technological scheme for mine water treatment on the basis

of afterpurification by filtration
1 — high-capacity clarifying pond; 2 — pumps; 3 — rapid filter; 4

mine water

for mine water treatment from suspended solids are
the basis for the proposed application of an advanced
technological scheme of mine water treatment.

When purifying mine waters at coal mining enter-
prises according to the existing technological scheme,
which consists of a high-capacity clarifying pond,
the water quality does not meet the standards required
for fishery reservoirs regarding the content of suspended
solids. Therefore, it was proposed to improve it by
installing at the final stage of purification of pre-clarified
mine water rapid open granular filters with upward flow
of liquid to the entire inflow. In this case, the technically
achievable quality of treated mine water on the content
of suspended solids does not exceed 5 mg/l. The cap-
acity of water treatment facilities is not limited.

The improved technological scheme for mine water
treatment on the basis of additional purification by
the filtration method is presented in Fig. 1. In the pro-
posed technological scheme, mine water enters the clari-
fying pond / of large capacity through a pressure or
self-flowing pipeline. Then, after sedimentation it is
taken by the pump 2 to the rapid open granular filters 3.
The content of suspended solids in preliminary clarified
mine water before entering the filters is 30-50 mg/1.

The main feature of the proposed scheme is the imple-
mentation of filtering pre-clarified mine water in the dir-
ection of decreasing grain size of the filter loading along
the stream (bottom up). As a result, the dirt removal
capacity of the filter and the duration of the filter cycle
increases, and the possibility of siltation of fine-grained
layers of filter loading is excluded.

In order to improve the quality of water purification,
its filtration can be carried out by pre-treatment with

to consmmers

— chlorinator;
5 —soluble flocculant tank; 6 — flocculant expendable tank; 7 — tank for purified

of a special pump and air from a blower.
Contaminated flushing water by pump
2 is supplied for treatment to the clari-
fier pond in conjunction with the source
mine water. The filtrate of purified mine
water is mixed with chlorinated water
produced in the chlorinator 4, and fol-
lowed to the tank of purified water 7 for
disinfection. The treated water from
the tank is used for the manufacturing
needs of the mine and the own needs of the treatment
facilities. Excessive amount water is discharged to adja-
cent water reservoirs.

The advantages of the improved technological
scheme of mine water treatment based on filtration
method include the following:

— it can be used in a wide range of mine waters
inflows;

— it provides high quality of purified mine water
regardless of the initial concentration of suspended sol-
ids, which allows its widespread use for the manufactur-
ing needs of enterprises;

— to achieve high quality cleaning, it is sufficient to
use one reagent (usually a flocculant), which simplifies
the reagent facilities;

— dewatering and sludge storage is combined in one
building with the clarifying of the source mine water and
does not require large operating costs;

— wastewater treatment plants are easy to build and
operate and characterized by the lowest specific capital
operating costs.

Conclusions. The actual practical problem is solved
inthe paper, which consists in improvement of the techno-
logical scheme for mine water purification due to instal-
lation of rapid open granular filters with ascending
liquid flow on all inflow at the final stage of purification.

The implementation of the proposed technological
scheme of mine water treatment at the coal mining enter-
prise reduces the content of suspended solids in the water
after the first degree of purification in the clarifying
ponds to 30-50 mg/l. After the second stage of purifica-
tion in rapid open granular filters with ascending liquid
flow, the content of fine suspended particles in the puri-
fied water is reduced to 5 mg/I.
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Perspectives for the further use of research results. the content of fine particles of slurry. It allows, first, use

The implementation of an advanced technological purified water for manufacturing needs and own needs
scheme for mine water treatment by installing rapid open  of treatment facilities, and, second, the discharge exces-
granular filters with ascending fluid flow to the entire sive water into adjacent surface water ponds without
inflow at the final stage of purification effectively reduces exceeding the standards of environmental quality.
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