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Abstract. Water intake is an essential element of the water supply complex, normal operation
of which depends on the quality of the water delivered to the consumer. Therefore, the water supply
system should be effectively protected from various contaminants from the source, ice slurries, and
juvenile fish.

The authors analyze the operation of existing coarse screen devices in channel water intakes;
identify their main disadvantages, such as: mechanical jamming (clogging) of the screen holes with
debris, leading to its failure and the need to replace, as well as the laborious cleaning and the high
cost of screen materials. The article notes that during operation there is an increase in the pressure
drop affecting the screen due to the accumulation of a large amount of contaminants on its surface,
which could lead to a throughput and a significant amount of pollution.

To improve the quality of filtered water and operating conditions, the authors proposed to
provide porous pipes installation instead of flat removable screens in the receiving section of the
intake well. The material for their manufacture is a polymer concrete, based on crushed granite
stones or gravel and a polymer binder — epoxy resin.

The article shows the scheme of intake well pipes installation, describes the principle of the
proposed design, shows a graph obtained as a result of hydraulic calculation.

This design has a number of advantages over flat screens: automation of flushing, less clogging,
greater throughput, lack of biofouling, high strength characteristics, low hydraulic resistance and
durability. A porous polymer concrete-based structure, which is a pipe system that increases the
reliability of water intakes, improves the quality of the water taken from the source and the
conditions of operation, has been proposed.

The method of hydraulic calculation of porous pipes makes it possible to optimize their
design parameters, to determine the diameter and pressure loss in them, which is very important
when designing water intakes.

The aim of further research is to study the dynamics and degree of porous devices clogging by
suspension at different concentrations in natural water.
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Introduction. In the conditions of surface water scarcity and the deterioration of water
quality [1], one of the State’s top priorities is to provide human settlements with high-quality
drinking water. This requires improving water supply systems, increasing their efficiency and
reliability through the application of the latest energy-saving technologies, materials and
constructions in the complex of water-supply facilities. One of the most essential element of this
complex is the water intake structures, on which the quality of the water delivered to the consumer
and the economic indicators of the water supply scheme depend.
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The existing water intake structures do not always provide for their protective functions, as a
result of which various contaminants, sore, ice slurries, juvenile fish, etc. enter the system. This, in
turn, increases the mud load on the treatment facilities, reduces the efficiency of their operation, and
impairs the quality of the treated water [2].

The intrusion of large quantities of fish, and especially of juvenile fish, into the water intake is
highly damaging to natural fish resources. In addition, the fish caught in the water intake dies and
rots, which creates an unacceptable sanitary and hygienic environment at the intake structures that
provide water for household and drinking needs. Therefore, the water supply system must be
effectively protected from various contaminants from the source, ice slurries, and juvenile fish.

Analysis of recent research and publications. Channel water intakes are widely used in the
complex of water facilities. It consists of a water intake device, such as an intake head, which
located directly in a river or canal, gravity lines or siphon lines that connect the intake head to the
water intake mesh well, an onshore water intake well designed for rough mechanical water
purification, and a pumping station of the first ascent [3].

Depending on the location of the onshore water intake well and the pumping station of the first
ascent, there are two types of water intakes: separate and combined layout. "Separate layout™ means
that the pumping station is located in a detached building at some distance from the intake water well
and is connected to it with suction pipelines (Fig. 1), and "combined layout™ — the first ascent
—_— pumping station and the water intake
well are combined in one building.

An important element of the

_T. onshore intake well is the flat screen that
installed in the partition between the
receiving and the suction compartments.

The screens largely determine the
protective functions of water intake
structures, as they are designed to
contain sores, sediments, algae, leaves,
J etc., which can seriously hamper the

operation of pumps, water supply and
sewage treatment facilities. The flat
screen has a cell size from 2x2 mm to
5x5 mm and is in the form of a wire
sheet stretched on a steel frame, which
is set in grooves located in the holes of
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Fig. 1. Separate channel-type water intake scheme:
1 — intake head; 2 — gravity lines;
3 — onshore intake well; 4 — flat screens;
5 — first ascent pumping station

the partition.

The screen is flushed by reverse flow of water manually, for which it rises to the aboveground
part of the well. Usually a spare one replaces the raised screen. Double grooves are arranged for the
convenience of its replacement

Operational experience with channel water intakes of a separate type showed that the screens
have a number of disadvantages [5]:

1. Mechanical jamming (clogging) of the screen through holes with sore, resulting in
increased resistance and reduced throughput. This requires more frequent flushing of coarse screen.

2. The irreversible clogging of screens is particularly dangerous. Getting inside the cells, the
contaminants are not flushed out by reverse flow of water, which leads to their failure and the need
for replacement.

3. As a result of the accumulation of large amounts of pollution, the pressures affecting the
screen are increasing, resulting a significant amount of contamination may break through.

4. To prevent screen corrosion, you must use expensive stainless materials.

5. The laborious washing the screens and cleaning them from shells.
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In order to reduce the pollution of nets, as well as one of the fish protection, special filtering
cassettes are installed in the intake holes of water intakes: saturated or porous concrete on a cement
binder [6]. The cassettes are a steel frame filled with incoherent filtering material (plastic balls,
ceramist, gravel, rubble). The size of the fractions of the filter material is 10-25 mm. This ensures
the formation of pores sufficient for the free passage of water, but excludes the passage of fish.
However, in this case, special measures are needed to protect the frame from corrosion, which
makes the design more expensive.

The cassette can also be made in the form of blocks of porous concrete. The filler is also
gravel or rubble with a large 10-20 mm, and a high-mark binder cement. Blocks of porous concrete
are inserted into the metal frame.

Biofouling poses a particular risk to porous cassettes, which also reduces their throughput [7-9].
Effective prevention of fouling is by pre-chlorination of water in front of the water collectors.
However, it is known that chlorination can have a destructive effect on porous concrete cassettes.
Chlorination also triggers justified protests by environmentalists due to the risk of entering the river. In
recent years, the Department of Water Supply and Water Disposal of OSACEA (Odessa State
Academy of Civil Engineering and Architecture) has been studying the possibility of using porous
materials in the structures of water-supply facilities. As a result, a number of porous devices have been
created, such as drainage distribution and drainage systems of filtration structures and facilities for pre-
treatment of water [10].

Goals and objectives. The objectives of this research are to improve the efficiency of water
intake facilities, improve their operating conditions, and to extend the scope of application of
porous polymer concrete structures that have proved to be effective in water treatment systems.

Materials and methods of research. In order to improve the quality of the filtered water and
the operating conditions, the installation of porous pipes in the intake section of the well is provided
instead of flat screens. The pipes are manufactured from porous polymer concrete, based on crushed
granite or gravel with a size of 3-7 mm, a thickness of 30 mm and a binder — epoxy resin ED-16 or
ED-20 with polyethylene polyamine hardener. The operating experience in the use of drainage
distribution and discharge polymer concrete devices in filter structures for a long time (more than
40 years) has shown that they are not biofouled.

Figure 2 shows the installation of four porous polymer concrete pipes connected to the
column for impulse flushing.
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Fig. 2. Porous pipes instalation in the intake well:
1 —feed pipes; 2, 3, 4, 5 — gate valves; 6 — porous pipes; 7 — column for impulse
flushing; 8 — suction lines
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The structure works as follows: water from the water supply source is delivered via the feed
lines 1 to the intake section of the well (gate valves 2, 3, 5 are open). Then water passes through the
porous pipes 6 and enters the intake section of the well, from where it is taken and supplied by the
pumps of first lift to the treatment facilities. Flushing of porous pipes can be carried out both by
reverse flow of water, and by impulse. For this, flushing water is supplied to column 7 (gate valves
4 are open and 2, 3, 5 are closed). Contaminants are flushed out into the intake section of the well,
from where it is removed using an ejector.

Thus, flushing of porous pipes is reduced only to opening and closing the corresponding
valves and can be carried out during flushing of the feed lines and the intake head. The proposed
structure has a number of advantages over flat screens:

— flushing automation;

— less clogging;

— greater throughput;

— lack of biofouling;

— high strength characteristics;

— low hydraulic resistance;

— durability.

Results of research. According to the methodology developed at the Department of Water
Supply and Water Disposal of OSACEA, a hydraulic calculation of porous pipes was made for
channel water intakes of a separate type with a productivity of 0,2 — 1 m® per second.

The calculation results are presented in the graph (Fig. 3), with the help of which it is possible
to determine the diameter of the pipes, as well as the pressure losses in them depending on the
productivity of the water intake.
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Fig. 3. The graph of pressure loss and diameter of porous pipes according to the flow rate:
— — —pressure loss;
—— — diameter of porous pipe.

So, for example, with a capacity of 0.5 m%fs, the pressure loss in porous pipes will be 32 cm
(when diameter is 0.65 m). Thus, the proposed porous structures of water intake facilities make it
possible to improve the reliability and efficiency of the facilities, the quality of the water extracted
from the source and the operating conditions. The method of hydraulic calculation of porous pipes
makes it possible to optimize their structural parameters, to determine the diameter and pressure
loss in them, which is very important when designing water intakes.
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One of the main problem with the use of porous devices on water intake structures is their
possible clogging with a suspension in natural water.

Earlier, at the Department of Water Supply and Water Disposal, researches were carried out
on the clogging of porous polymer concrete with contaminated water [11], but such researches on
natural water are relevant now.

Conclusion. The aim of further research is to study the dynamics and degree of clogging of
porous devices with a suspension of various concentrations in natural water.
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AHoTanig. BaxiIMBUM eIIEMEHTOM KOMIUIEKCY CIIOpYJ BOJOIIOCTaYaHHS € BO/03a0ipHI
CTIIOPYZH, Bil HOPMAIBHOI pOOOTH SKUX 3aJICKUTh SKICTh BOJH, IO TIOAAETHCS CIOXKHBAUYY, YaCTHHA
SIKOI BUKOPHCTOBYEThCS Ha FOCHOJAPCHKO-NIUTHI oTpedu. ToMy cucrema BOAONOCTauaHHS MOBHHHA
OyTu edeKTHUBHO 3aXHUIIeHA BiJ MOMaJaHHS B Hel pi3HUX 3a0pyIHEHb i3 JpKepena, IIYrH, a TaKoX
MOJIOZI PHOH.

ABTOpaMH HaBEICHO aHaji3 pOOOTH ICHYIOYHMX CITYACTHX NPUCTPOIB B PYCIOBHX
BO/103a00pax, BUSBJICHI OCHOBHI iX HEJONIKH, a caMe — MEXaHIYHe 3aKJIMHIOBaHHS (KOJIbMAaTaIlis)
MPOXITHUX OTBOPIB CITKU CMITTSM; HE3BOPOTHS KOJbMATAIIisl CITOK, sIKa BEJC 10 BUXOMY iX 3 Jaay i
HEOOXIHOCTI 3aMiHM;, 3pOCTaHHS Mepenaay THUCKIB, [0 BIUIMBAIOTh Ha CITKYy B pE3yJbTarTi
HAKOMUYEHHS BEJIHMKOI KUTBKOCTI 3a0pyqHEHb Ha 11 MOBEPXHi, Yepe3 10 MOKIUBUN MPOPUB CITKH 1
MUTTEBE 3a0pyAHEHHS BOJU Ha BOA03a0IpHUX CIIOPYAaxX; TPYAOMICTKICTh OYHMIIEHHS Ta IPOMUBKHU;
JOPOTOBU3HA MaTepiaiB JiJIsi BATOTOBJICHHS CITOK.

Jnsi TOKpamieHHsT SKOCTI MpOI/DKYBaHOI BOAM Ta YMOB eKCIUTyartallii, aBTOpamMH
MIPONIOHYETHCS 3aMICTh TUIOCKUX 3HIMHHUX CITOK B PUAMAIBHOMY BiJJIIJICHHI O€PEroBOT0 KOJIOISA3s
nependavyuTi BCTAHOBIIGHHS MOPUCTHX TPYyO, BUTOTOBJICHHMX 3 MOJIMepOETOHA, BUKOHAHOTO Ha
OCHOBI T'PaHITHOTO 1eOEHI0 a00 IPaBito, Ta MOJIIMEPHOTO 3B’ SI3YIOUOT0 — EMOKCHUTHOI CMOJIH.

B crarTi moka3zaHa cxeMa yCTaHOBKHM CUCTEMH TpyO B OeperoBoMy KOJIO/s31, ONMUCAHUIN
MPUHLIMIT POOOTH 3alpONIOHOBAHOT KOHCTPYKIIi, HaBeAeHO TIpadik TiAPaBIiYHOIO PO3PAXYHKY
MOPUCTUX MOJIIMEPOETOHHUX TPYO.

Ils KOHCTpYKIlisE Mae psif mepeBar mepeln IUIOCKUMHU CiTKaMHu: aBTOMAaTH3allisl MPOMUBKH,
MEHIIUH CTYIiHb KOJbMATallli, BEJIMKa MPONYCKHA 3aTHICTb, BIACYTHICTh 01000pOCTaHHS, BUCOKY
MIIHICTh, HU3bKUU T1IPaBIIYHUHN OIip, 1 TOBTOBIYHICTb.

3anporoHoBaHa TOPUCTAa KOHCTPYKIliSE HA OCHOBI MOJIMEPOETOHY, TO3BOJISIE IIABUIIUTH
HaJAlHICTh poOOTH BOA03a0IpHUX CHOPY]I, MOKPALIUTH SKICTh BOJH, 110 3a0UpaeThes 3 JpKepena 1
CIIPOCTUTH E€KCILTYyaTallio IUX CHOPY/, IO € aKTyaJIbHUM.

MeToauka TiIpaBIiyHOTO PO3PAXyHKY TMOPUCTHX TPyO JMO3BOJSE ONTHMI3yBaTH
KOHCTPYKTHBHI MapaMeTpH, BU3HAYATH JAiaMeTp 1 BTPATH HAMOPY B HUX, IO Ty>K€ BAKIUBO MPH
MPOEKTYBaHHI BOJ103a00PiB.

3aBaaHHsAM ISl TOJAQJIBIINX JIOCTI/DKEHb € BUBYEHHS JAUHAMIKH 1 CTYINEHsS KoJibMarailii
MOPUCTUX MPHUCTPOIB 3aBUCCIO PI3HOT KOHLIEHTpALlli MPUCYTHHOI B MPUPOIHIH BOII.

KurouoBgi ciioBa: Bo103a6i1p, ciTYacTi IPUCTPOI, MOPUCTI TPYOH, T1APABIIYHUNA PO3PAXYHOK.
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AHHoOTanus. BakHeHIIuM 3J€MEHTOM KOMILIEKCAa COOPYKEHHM BOAOCHAOKEHUS SIBISIOTCS
B0/103a00pHBIE COOPYXKEHHs, OT HOPMaJIbHOH pabOThl KOTOPBIX 3aBUCUT KadeCTBO I0JIaBAEMOM
BOJbI oTpeduTento. [loaTromy cucrema BogocHaOkKeHHs JOKHA ObITh 9()hPEKTUBHO 3alUIIIEHA OT
nonagaHus B He€ pa3IMvHbBIX 3arPsI3HEHUN U3 UCTOYHUKA, IITYTH, a TAKKE MOJIOJH PHIObI.

ABTOpaMHU TPUBEACH aHANU3 PaOOTHI CYIIECTBYIOUIMX CETYATHIX YCTPOHCTB B PYCIOBBIX
B0/03a00pax, BBISIBJICHBI OCHOBHBIC WX HEJIOCTAaTKH, a WMEHHO: MEXaHHYECKOE 3aKIMHUBaHUE
(xonmpMaTaIusl) MPOXOJHBIX OTBEPCTUH CETKH COPOM, MPHUBOASIIAS K BBIXOAY €€ U3 CTpPOsl U
HEOOXOJMMOCTH 3aMEHBI, a TaKXe TPYIAOEMKOCTb OYMCTKM M JIOPOTOBH3HA MATEPUAIIOB IS
M3TOTOBJIEHUSI CETOK. B cTaThe OTMEUEHO, YTO B MPOLECCE SKCIUIyaTalUh IPOUCXOAUT POCT
nepenajga JAaBJIEHUH BO3JEHCTBYIOLIIMX Ha CETKY H3-32 HAKOIUIEHHS OOJIBIIOrO KOJMYECTBa
3arpsi3HEHUN Ha €€ IOBEPXHOCTU, B PE3YNbTaTE YEro MOXKET MPOU30MTH MPOPBIB U IMPOCKOK
3HAYUTEIBHOIO0 KOJIMYECTBA 3arpsI3HECHUM,

Jlns ynydineHus KadecTBa IMPOLICKMBAEMOM BOABI U YCIOBHMM 3KCILTyaTallUM aBTOPAMHU
MIPEJIOKEHO BMECTO IUIOCKUX CHEMHBIX CETOK B INPUEMHOM OTEJIEHUU OeperoBoro KoJIOALA
MPEeIyCMOTPETh YCTAaHOBKY IMOPUCTHIX TpyO. Marepuasiom s HUX U3TOTOBJICHHS CIYXKUT
MOJIMMEPOETOH, BBIMOJTHCHHBIM HAa OCHOBE TPAHUTHOTO IIEOHS WM TpaBUs U IOJIUMEPHOTO
CBA3YIOLIETO — SIIOKCUIHOM CMOJIBI.

B crarpe mokazaHa cxema yCTaHOBKHM TpyO B OeperoBoM KOJIOLE, OMMCAH MPUHLUI PadOTHI
npeAIaraeMol KOHCTPYKIUH, TpuBeNeH rpaduK, TMONYyYEHHBIH B pe3yibTare THIAPABINYECKOTO
pacuera.

JlaHHasi KOHCTPYKLMSI MUMEET psiJl MPEUMYIIECTB Mepe]] MIOCKUMU CEeTKaMU: aBTOMAaTH3alUs
MIPOMBIBKH, MEHBIIAs CTENEeHb KOJbMaTalluM, OOJbINas MPOMYCKHAash CIOCOOHOCTh, OTCYTCTBHE
O6noobpacTanus, BBICOKME  IPOYHOCTHBIE  XapaKTEPUCTHKH, HHU3KOE  T'HAPABINYECKOE
CONPOTHUBIICHUE, U I0JITOBEYHOCTD.

[IpennoxxeHHass mopucTasi KOHCTPYKILMS HA OCHOBE MOIMMEPOETOHA, MO3BOJSET MOBBICUTH
HaJE&XKHOCTh PabOTHl BOM03a00PHBIX COOPYXKEHUMW, YIyUYIIUTh KauyecTBO 3a0MpaeMoil BOJBI W3
HMCTOYHHMKA U YIIPOCTUTH UX IKCIUTyaTalUIO.

Meroanka THAPABIMYECKOTO pacyeTra IMOPUCTBIX TPYO MO3BOJISET ONTHUMH3UPOBATh UX
KOHCTPYKTUBHBIE [TapaMeTpPhbl, ONPENEATh TUaMETP U MOTEPH HAOpa B HUX, YTO OUYEHb BAXKHO MPHU
MIPOEKTUPOBAHUU BOJ03a00pOB.

3ajauell JadbHENIINX UCCIEOBAaHUN SIBIIAETCS U3yUY€HHUE IMHAMHUKHU U CTENIEHU KOJIbMaTalluu
MOPUCTBIX YCTPOMCTB B3BECHIO PA3IMYHON KOHIIEHTPAIUH, HAXOIAIIEHCS B IPUPOAHON BOE.

KiroueBble ciioBa: B0/103a00p, CeT4aThle YCTPOHCTBA, MOPHUCTBHIE TPYOBI, THUAPABIMYECKHUN
pacuer.
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