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Abstract. Filtering facilities are essential for the technological schemes for natural water
treatment. They provide the required water quality as well as the valuable capacity of water
treatment facilities. Contact clarifiers are widely used to purify water with low turbidity and high
color values. Single-stage filtration based on the principle of contact coagulation uses it. Possible
complications in the operation of contact clarifiers are usually related to running the drainage
distribution system.

The authors formulated several basic drainage requirements, particularly the uniform
distribution of wash water over a space and the absence of filter load removal.

The article analyzes the existing drainage structures (drainage with supporting layers of gravel
and a gravelless pipe distribution system), which shows that they do not meet the requirements.
They lead to irregular washing of the filter load, a decrease in its dirt capacity, an increase in
residual contaminants, a reduction in the filter cycle, and an increase in the maintenance cost.

To improve reliability and durability, a drainage design is proposed that consists of perforated
reinforced concrete slabs, with porous polymer concrete in their holes, made of crushed granite or
gravel and a polymer binder, i.e., epoxy resin. This construction will ensure a uniform velocity field
during washing and filtering, reduce water consumption for its own needs, increase the filter cycle,
and prevent possible removal of the filter load.

It is found that the colmatation of the pore space with a suspended matter is one of the main
issues when considering the porous drainage in the structure of contact clarifiers.

The article presents experimental studies of the dynamics and degree of the colmatation in
porous polymer concrete with polluted water. They showed that no irreversible colmatation
happens, and the data obtained will allow us to use them during the hydraulic calculations.

The task of further research is to conduct full-scale tests on existing facilities.

Keywords: contact clarifier, colmatation, drainage, contact coagulation, coefficient of
hydraulic resistance.

Introduction. One of the water supply problems in Ukraine and abroad is the purification of
highly colored low-turbidity waters, which is typical for a particular category of rivers and
reservoirs [1]. Many facilities use modern coagulants and flocculants instead of traditional ones to
increase the efficiency of removing natural organic substances. However, this does not always lead
to a tangible impact due to insufficient knowledge of the following: the reagent treatment process,
depending on the nature of organic contaminants (which cause the color of water), the existing
technological and design flaws (which are inherent in the very beginning of the purification process,
when introducing reagents and mixing with the flow of the treated water) as well as — the
organization of the process of flocculation.

Contact clarifiers (CC) are a more complete solution to the problem of purification of high-
color low-turbidity waters. They are structures for clarification and decolorization of water,
combining the functions of a flocculation chamber, a sump, and a quick filter. The action of CC is
based on the principle of contact coagulation, which lies in the fact that when water moves through
a layer of granular loading, colloidal and suspended aggregately unstable parts are adsorbed on the
surface of the grains of the filter material. It provides, just as in contact filtration, more complete
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coagulation, the possibility of reducing the doses of reagents, and the independence of the required
amounts from the temperature and alkalinity of the water [2]. In this regard, improving the CC's
design parameters is relevant to ensure their regular operation.

Analysis of recent research and publications. There are several types of contact clarifiers
CC-1, CC-2, and CC-3. Structurally, CC-1 does not differ from a conventional fast filter. It is a
reinforced concrete rectangular tank (Fig. 1) with a load of granular layers constantly decreasing from
the bottom up. So the central part of the contaminants is retained in the lower coarse-grained layers. In
this design, the filtrate is being removed from the overload water layer. At the same time, the filtration
rate (with an average sand grain size of 0.8 mm) should not exceed 5-5.5 m/h to avoid sand weighing.
In CC-2 clarifiers, the filtrate is being removed from the upper part of the filter layer. It allows to
increase the calculated filtration rate (up to 10 m/h) but raises the cost of the drainage system. The CC-
3 clarifiers use water-air washing of the filter
loading. CC-3 has a "low horizontal outlet" for

31\ the wash water. Moreover, CC-3 clarifiers can
have two drainage systems for air and water.
] The efficiency of water purification at

CC is determined mainly by the operation of
the drainage distribution system. And the
operational experience shows it is the most

T T T A\ often tricky part [3, 4]. There are several
2 4 requirements for CC drainages, particularly the
\ J—1 uniform distribution of wash water over a

space and the absence of filter load removal.
However, existing drainage designs do not
always meet these requirements. It leads to
Fig. 1. contact clarifier CC-1: 1 —filter loading; jrregular washing of the filter load, a decrease
2 —drainage; 3 — gutter; 4 — collecting channel  jn jts dirt capacity, an increase in residual
contaminants, a reduction in the filter cycle, an

increase in the maintenance cost, and reducing the overall reliability of the CC [5, 6].

For a long time, CC drain designs have used a high-resistance tubular distribution system with
supporting gravel levels similar to fast filter drains. A significant disadvantage of such drainages is
the possibility that gravel layers will shift during flushing, leading to a complete shutdown of the
CC and the need for overhaul [7].

Later, a gravelless tubular distribution system (GTDS) was developed, a method of
distribution pipes with 10-12 mm holes in diameter, staggered and directed downward at an angle
of 30° to the vertical axis of the pipe [8].

Vertical metal curtains are welded to the pipes on their sides without reaching the bottom of
the CC. Between the shutters, transverse partitions are welded, reaching the bottom and dividing the
underripe space into cells (Fig. 2).

Fig. 2. Gravelless tubular distribution system (GTDS) for a CC:
a — appearance; b — transect; 1 — holes in pipes; 2 — water distribution pipes; 3 — side curtains;
4 — transverse partitions
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The advantage of GTDS is the absence of supporting layers; the disadvantage is the need for
drainage from steel pipes, their possible corrosion, and the complexity of welding and installation.
When flushing water is supplied by pumps (without a tower), there is a risk of sand entering the
drainage pipes during an emergency power outage.

Therefore, using porous materials in drainage devices will significantly improve their
performance and ensure the fulfillment of their requirements.

Odesa State Academy of Civil Engineering and Architecture (OSACEA) has developed
several design options for the drainage of rapid water treatment filters based on porous polymer
concrete. The most common of them are tray and perforated [9].

The first one consists of polymer concrete slabs mounted on supporting concrete walls (Fig. 3).
Branch pipes are installed at the inlet to each tray. The resistance of branch pipes ensures the
required uniform distribution of water flow rates between the channels.

OfCFOfOfOof

Fig. 3. Tray design of polymer concrete drainage:
1 — porous slab; 2 — supporting concrete walls; 3 — branch pipes of high resistance

In cases of increased requirements for water quality (for example, in terms of silicon content),
there are structures that consist only of plastics, the base of the drainage is a vinyl plastic sheet, and
the porous layer is made of polystyrene. There is a modification designed not only for water but
also for water-air and alternating flushes.

The second structure consists of a reinforced concrete slab (Fig. 4), the holes filled with
porous polymer concrete with a size of 7-10 mm. From above, it is also covered with a layer of
porous polymer concrete with a size of 3-5 mm and a thickness of 20 mm to prevent the formation
of "dead" zones between the holes.
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Fig. 4. Drainage slab:
1 —reinforced concrete slab; 2 — holes filled with polymer concrete; 3 — a layer of polymer
concrete; 4 — supporting elements
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Plates are mounted on supporting elements. Holes in the slabs are tapered upwards to prevent
the separation of polymer concrete from reinforced concrete. The side ends of the plates are beveled
to simplify the sealing of joints after the installation of the plates.

In this design, in comparison with the tray, due to the reinforced concrete frame, the drainage
has a greater bearing capacity, and simultaneously, the consumption of expensive polymer concrete
IS reduced.

Both designs have been successfully implemented on fast filters of many water pipelines in
Ukraine and other countries. They have shown reliable operation over a long service life.

Porous structures are made of porous polymer concrete made of gravel or crushed stone and
epoxy resin grade ED-16 or ED-20 with a polyethylene polyamine hardener permitted by the
Ministry of Health of Ukraine for drinking water supply systems. This material has high strength,
increased chemical resistance to the aggressive effects of water treated with reagents, and the
absence of biofouling during long-term operation [10].

Goals and tasks. The colmatation of the pore space with a suspended matter is one of the
main issues when considering the porous drainage in the structure of contact clarifiers. In this
regard, the present research aims to study the dynamics and degree of the colmatation in porous
polymer concrete with polluted water.

Materials and research methods. The Department of Water Supply of OSACEA has already
done studies of this kind. However, they related to the designs of drainages and systems for
removing wash water from fast filters [11]. In this case, the movement of water was carried out with
flow reversal during washing and filtering, which reduced the overall degree of polymer concrete
colmatation.

A feature of CC is that the movement of water in the process of filtering and washing goes in
the same direction. In addition, unlike fast filters, it is not the filtrate that enters the drainage but
raw water with the coagulant introduced into it. Therefore, there is a possibility of irreversible
colmatation of the pore space of the polymer concrete with a suspension and flakes of the
coagulant. In other words, contact coagulation may start not in the filter loading but in the porous
drainage, which will complicate the further work of the CC.

Given the above, CC drainage can be a structure consisting of perforated reinforced concrete
slabs with porous polymer concrete filled in their holes. This construction will ensure a uniform
velocity field during washing and filtering, increase reliability and durability and prevent possible
removal of the filter load. Compared to the tray design, the speed of water movement in the holes,
especially during flushing, will be several times higher, which should help restore its capacity.

To test the assumptions, experimental studies were carried out to check the dynamics of
colmatation of porous polymer concrete on a laboratory installation, which consists of two tanks
located one above the other with a capacity of 150 liters each. The tanks are connected by a vertical
pipe 40 mm in diameter with flanges in the middle, and a test sample made of porous polymer
concrete was placed between them. The water became polluted in the upper tank to a concentration
of 50-60 mg/l; the coagulant aluminum sulphate was included with a dose of 20 mg/I [8].

The test sample was made in a metal case 40 mm in diameter with two-layer porous polymer
concrete: the first layer was 7-10 mm in size and 70 mm thick; the second layer was 3-5 mm and
20 mm thick. The pressure loss in a porous layer is generally described by a two-term additive
dependence [12]:

h=H-h=aV, +bV/, 1)
where H is the piezometer above the sample; h is the piezometer under the sample; Vx is the
rate of filtration through a porous sample; a, and b, are coefficients that depend on the

characteristics of the porous sample wall (thickness, grain diameter, porosity), water viscosity and
are usually determined experimentally.
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The main advantage of this formula is that it can be used over a wide range of Reynolds
numbers. At low filtration rates (and low Re), the second term becomes negligible, and formula (1)
corresponds to the Darcy formula. Only the second term of the formula works at high speeds, and
the dependence of pressure loss on speed is quadratic. However, as the analysis showed, fluid
movement through the porous walls of the drains occurs in a transient mode, so both terms of the
formula must be used here. And this requires the determination of two empirical coefficients — a,
and b,, which creates difficulties in engineering calculations.

However, the two-term formula (1) can be replaced by a one-term power formula that is more
convenient for calculations [13]:

Ah=Csv*"V,", ()

where Ah is the pressure loss in a porous sample, cm; ép — sample thickness, cm; o is the
kinematic viscosity of water, cm?/s; V is the filtration rate, cm/s; C is a coefficient depending on
the granulometric composition of the polymer concrete filler and the degree of density of its laying
(in the case of filtering contaminated water, the coefficient C also takes into account the
colmatation of pores by suspended particles); n is the exponent, which can be taken equal to 1.67
(determined empirically).

With a constant exponent n, to use formula (2), it is enough to know only one value — the
coefficient C.

The studies were carried out in two stages: at the first stage, the hydraulic characteristics of
the sample were studied, and at the second stage, the degree of its colmatation with a suspension.

The purpose of the first stage of research was to obtain the initial coefficient of hydraulic
resistance C on pure water.

Raw water with a turbidity of 50 mg/l and treated with aluminum sulfate coagulant was
filtered through the sample at the second stage of the experiment. The sample was washed with
clean water for 6 minutes after 8 hours. Thus, the operation of CC during filtration and washing was
simulated. The speed during filtration was 2-2.2 cm/s, while during the washing it was 24 cm/s.
This would correspond to production data.

Research results. The dynamics of changes in the coefficient of hydraulic resistance of
porous polymer concrete C in time were carried out by plotting the dependence C = C/C, = f(t),
where C, is the initial coefficient of hydraulic resistance. The results of the experiments are
presented in the graph (Fig. 5).
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Fig. 5. Change in hydraulic resistance coefficient C over time

The upper points correspond to the change in the coefficient C during filtration; the lower
points equal the change in the coefficient during washing.
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It can be seen from the graph that the coefficient initially grows, and then, starting from 50
hours of operation (approximately six filter cycles), it stabilizes and subsequently remains
practically unchanged. In this case, the maximum values of C are about 24 during filtration and 4,
respectively, during washing, which indicates a partial recovery of the throughput of the sample.
The nature of the obtained curve corresponds to the results of previous work on the study of
polymer concrete colmatation at the Department of Water Supply.

Therefore, experimental studies’ data can be considered in the engineering method of
hydraulic calculation of perforated polymer concrete drainage of CC.

However, it should be noted that the conclusion on the possibility of using porous drainage in
CC structures can only be made after conducting field studies on existing systems.

Conclusions:

1. Using porous drains in CC designs will improve the uniformity of distribution of wash
water over the area, reduce water losses for own needs, increase the filter cycle, and increase the
reliability of CC operation. At the same time, the irreversible colmatation of porous polymer
concrete does not occur, as confirmed by laboratory studies.

2. The task of further research is to conduct full-scale tests on existing structures.
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AHoTanisa. OUIBbTpYBaJIbHI CHOPYAH € BAXIUBUM €JIEMEHTOM Y TEXHOJOTIYHHMX CXeMax
OYMCTKH TPHUPOJHHX BOJA. BoHu 3a0e3meuyroTb HEOOXigHY SKICTh BOAUM Ta KOPUCHY
MPOJAYKTUBHICTh BOJOOYHCHHMX CHOpYHd. /I OYMIIEHHS MaJoKallaMyTHUX BOJ 3 BHCOKUMH
MOKa3HUKAMH KOJIbOPOBOCTI IIIMPOKE 3aCTOCYBAaHHS 3HAWILIM KOHTAKTHI OCBITIIIOBadi, SIKi
BHKOPHUCTOBYIOTBCSI TPU  OJHOCTYMIHYACTOMY (IIbTPYBaHHI, 3aCHOBAaHOMY Ha IPHHITUII
KOHTAKTHOT Koaryismii. MoXJIuBI YCKIaJHEHHA Yy pOOOTI KOHTAaKTHHX OCBITJIIOBAYiB HEPiAKO
MOB's13aH1 3 PYHKIIOHYBAHHSIM JIPEHAKHO-PO3MOIIIHY0T CHCTEMHU.

ABTopamu c(pOpMyIIBOBAaHO Psii OCHOBHUX BHUMOT, SKi HPEI'SIBISIOTHCS 10 TPEHAXIB IHX
CHopyl, a came — 3a0e3le4YeHHs PIBHOMIPHOTO PO3MOALTY MPOMHUBHOI BOAM MO iX IUIOHI Ta
HE/IOMYIICHHS! BUHECEHHSI (PUTBTPYIOUO1 3arpy3KH.

VY crarTi HaBeACHO aHaji3 POOOTH ICHYIOUMX KOHCTPYKLIN ApeHaxiB (TpyOdacTuil IpeHax 3
MiATPUMYIOUMMH IIApaMU TPaBiro 1 6e3rpaBiifHa TpyOYacTa po3MoaibHa CHCTEMA), SIKUI MMOKa3aB,
0 i KOHCTPYKIi He 3a0e3neuyioTh BUKOHAHHS BHUMOT, SIKi Mpea'sBIAOTbCS A0 HuX. Lle
NPU3BOJUTH IO HEPIBHOMIPHOTO TPOMHUBAHHA (UIBTPYIOUOTO 3aBAaHTAKCHHS, 3HWKCHHS 11
OpyIOEMHOCTI, 3pOCTaHHS 3aJMIIKOBUX 3a0pyIHEHb, CKOPOYECHHS (UIBTPOLUKITY, 301TbIICHHS
BUTpAT HA BJIACHI IOTPEOH.

Jlyis migBUIEHHS] HAJIHHOCTI Ta IOBrOBIYHOCTI 3alpPOINIOHOBAHO KOHCTPYKIIIO JIPEHAXKY, KA
CKJIAJAa€ThCS 3  JIPYacTHX 3ali300€TOHHMX IUIMT, OTBOPH SIKMX 3allOBHEHI IOPHUCTHM
moriMepOeTOHOM, BUPOOJICHMM Ha OCHOBI TPaHITHOrO MmeOeHI0 abo TpaBild Ta IOJIMEPHOIO
3B’SI3yI0UOT0 — EMOKCUAHOI CMOJNM. LI KOHCTpyKIisl JA03BOJUTH 3a0€3ME€YUTH PIBHOMIPHE I0JIE
IIBUJIKOCTEH NpU NPOMHUBAHHI Ta (UIBTPYBaHHI, CKOPOTUTH BTPATH BOAM Ha BIACHI MOTpeOH,
301IBIIUTH (QIIBTPOLMKIL, 3aI00ITTH MOKIMBOMY BUHECEHHIO (1IbTPYIOUOT0 3aBaHTAXKEHHS.

BcraHoBieHO, 110 OAHKUM 13 TOJIOBHMX NMUTaHb, 110 BUHUKAIOTH MPH PO3MIIAII MOXKIMBOCTI
3aCTOCYBAaHHS MOPUCTHUX JPEHAXIB Y KOHCTPYKLISIX KOHTAKTHHUX OCBITJIIOBAulB, € KOJbMATAlllsl ix
MIOPOBOT'0 MPOCTOPY 3aBICIO.

VY crarTi HaBOAATBHCS PE3YNbTaTH EKCIEPUMEHTAJIbHUX JOCTIKEHb TUHAMIKM Ta CTYIEHS
KOJIbMaTallii MOPUCTOrO MOJIMEpPOETOHY 3a0pyJHEHOI0 BOJOI, SIKI MOKAa3ajd, L0 HE3BOPOTHOI
KoJIbMaTallli He BiIOYyBa€ThCs, a OTPUMAaHI JaHl JO3BOJIATH BUKOPHCTOBYBAaTH iX INpPH BHUKOHAHHI
TiJIpaBIiYHUX PO3PAXyHKIB.

3aBIaHHSIM MOJAIBIINX JOCHIDKEHb € IIPOBEIEHHS HATYpHUX BUIIPOOYyBaHb Ha JIIIOYHUX
CIIOpyaax.

Kuiio4oBi cj10Ba: KOHTaKTHUN OCBITIIOBAd, KOJbMATallisl, IPEHAX, KOHTAKTHA KOATYJIAILI,
KOE(QIIIEHT T1paBiIiuHOTO OTOpY.
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