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INVESTIGATION OF CHARACTERISTICS
OF DRAIN SYSTEMS OF RAPID FILTERS
ON WATER TREATMENT PLANTS

O6’cxmom Oocniodcenns € Cyuacri KOHCmPYKYii OPenajicnux cucmem weuoxkux Qirvmpis. [Apenaxcna pos-
noditvua cucmema WeUOKUX (QLibmpie € HalleaNcIUCIUUM iX eLeMEeHMOM, 60 AK020 3ANEHCUMb PIBHOMIPHICTYL
36opy Qirvmpamy i 11020 AKICMb, 4 MAKONC POINOOIL NPOMUBHOT 600U 1 6 UIIOMY ePEKMUBHICTND NPOMUBKU
Ginompy. IIposedeno ananiz pesyirvmamis peKoHCMpPYKUil Openajrcnux cucmem Qirbmpie na KoMniexci 600o-
nidzomosku </Aninpo> Komynanvinozo nionpuemcmea <Xapxiseodoxananr» (Yxpaina). Iposedenuii y pobomi
aAHANI3 eKCNAYamayitiHux NOKASHUKIE BUKOPUCMAHHS OPEHANCHUX CUCTeM WBUOKUX Qirbmpis 00360156 GULEUMU
doyinvricmsy ix sacmocysanns. Texnuiuni xapaxmepucmuxu ma 00c6i0 excnayamayii céiouumo, wo Halbiivi
NePCnexmMuHUMU € CUCTNEMU, BUZOMOGLeH] 3 noximepbemony. Icnyoui mexnonozii 003604510Mb OMPUMYBATIU
nopucmuil nosimepoemon ONMUMALLHOZ0 CKAAJY AK 6 3a800CLKUX YMOBAX, max i Gesnocepednvo na 06’ckmi.
B saxocmi nanosniogaua 6uKopuUcmosyemvcsi Keapy08uil nicok — aepra posmipom 0,6—1,2 mm, sxi maroms gopmy
6ausvky 0o cepuunoi (oxkamanni). Koocre 3epro nokpusaemocs wapom noiiMepnozo cnoiyunozo, npu 3’6o-
HAHHI 3epen YymeoprombvCs MidHC3ePHO8l cmpykmypHi nepemuuku. Llicisa 3asepuenns npouecy noaimepusayii
YMBOPIOEMbCA MAMEPIATL 3 PEYISAPHOI0 CIMPYKMYPOI 13 PO3ZANYICEHON Mepedcerd noposux Kananie. Bucoka
21a0KiCMb Kanauie, aK pe3yivmam nokpumms noaimMepnoi niiekoio, sabe3neuye maii 3nauenis 2i0pasiiunozo
onopy girempomamepiany. Ceocuacnicmov i nognoma pezenepauyii girvmpa 3abesneuye 3adanui mepmin iozo
cayacou. B inwomy eunadky mMoiciuse nocmynose Hapocmanis 2iopasiiuiozo onopy Gitempa, sxe 8 nodaivuo-
My dice He 3modce BGymu IMEeHULENO HABIMb GUCOKOTHMENCUGHUM NPOMUBANHAM dYepes YuliivHents 3a0pyonens
6 noposux xanarax. Lle npussede do neobxionocmi docmpoxoeoi saminu girompoenemenmis. 3acmocysanis
NONIMEPOEMONIHUX OPEHANCHUX CUCTIEM O0360LUMD BIOMOBUIMUCS 610 2PAGIIUHUX WADIE, SKI NIOMPUMYIOMDb, YHUK-
HYymu 3acmivenis Openalcy, SHUUMU GUMpPAmy npoMueHoi 600U i 600u na 6i1achi nompeodu 6 UiLoMy, SMEHUUMU
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1. Introduction

In the filters, one of the most important nodes is the
drainage system, which is located in the lower zone of the
rapid filter. Above the drainage system is a filter layer,
mainly of sand. Sometimes anthracite, granite, crushed flasks
of metallurgical production, expanded clay, etc. are used.
Filtered water is discharged by the drainage system, and
when water is supplied to the drainage system, the filter-
ing layer is flushed with water. The choice and effective
operation of the drainage system is of great importance,
since it must ensure the following functions:

— uniform drainage of the filtrate over the entire filter

area;

— preventing the removal of grains of filter material;

— uniform distribution over the entire filter area of the

wash water (in connection with which these systems

are also called distribution).

Uneven flow of washing water supplied at high speeds
can lead to uneven and unsatisfactory washing of the filter,
cause a shift in the support layers, disrupt the proper
operation of the filter, reduce the quality of the filtrate
and shorten the filter cycle [1, 2].
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Currently in operation of treatment plants are various
drainage systems of rapid filters [3]:

— tubular with holes of 10—-20 mm and gravel filling

with a variable size (increase in size from the upper

layers in the direction of the lower). Flushing filters
are done only with water;

— cap drainage system with the arrangement of caps

on the surface of the overlap, dividing the zone of

the filter layer from the zone of the filtrate. During
water-air washing, the filtrate zone is also an air zone

(upper part). Structures with caps located on the pipes

are also provided,;

— with sheathed pipes:

a) sheathed polyethylene pipes (standard service life
of 5-10 years);

b) sheathed stainless steel pipes.

During water-air flushing, a separate pipe system is
used. For practical use, recently due to high performance
indicators, drainage systems from polymer concrete slabs
have become widespread («porous polymer concrete» —
gravel in the form of slabs bonded with a binder — epoxy
resin). During water-air washing, a separate system of pipes
for air is laid [4, 5].
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For open rapid filters of water treatment plants, two
types of drainage systems are recommended:

1) made from prefabricated plates made entirely of
porous polymer concrete;

2) made from prefabricated reinforced concrete hole
plates, the openings of which are filled with porous poly-
mer concrete [6].

In general, the quality of the filtrate, the flow rate of
washing water and electricity, and the cost of water treat-
ment depend on the effective operation of filter drainage
systems. In addition, at most operating treatment plants,
filters need reconstruction and modernization. Therefore,
it is relevant to study the characteristics of filter drainage
systems with the formation of recommendations for their use.

Thus, the object of research is the modern design of
drainage systems of rapid filters. And the aim of research
is analysis of the functional features and performance of
drainage systems of rapid filters using a number of criteria.

2. Methods of research

To select a rapid filter drainage system, it provides the
established indicators of its operation, an analysis of factors
characterizing the effectiveness of drainage systems is carried
out. The following criteria are selected as the main ones:

— removal of sand and dirt with filtrate;

— uniformity of filtrate collection, distribution of wash

water and air over the filter area;

— control of the parameters of the duty cycle and

flushing (speed, duration);

— mechanical strength.

The analysis of the results of the reconstruction of filter
drainage systems at the Dnipro water treatment complex
of the Kharkivvodokanal utility company (Ukraine) is
carried out.

3. Research results and discussion

The study of operational indicators of the use of drainage
systems of rapid filters allows to identify the feasibility of
their use. Drainage system of pipes with holes and a base
for the filter layer of gravel:

— at present, when designing and choosing as an op-

tion, reconstruction has limited use. It is possible to

use only with water washing with a limitation of the
washing speed, since it is possible to shift the base of
the filter layer and gravel;

— during operation, the presence of stagnant zones

was noted, which does not exclude the development

of bacteria and viruses;

— a sufficiently large flow rate of wash water.

Cap system:

— area of uneven water movement in the lower part

of the filter layer is minimal,

— there is no separate air supply system during flushing;

— high drainage resistance;

— complexity of manufacturing, installation;

— high material consumption;

— rapid wear of both the caps themselves and the over-

lapping distribution trays.

Drainage system with sheathed pipes:

— laborious manufacture of both plastic and steel;

— changing the size of the slots in plastic pipes dur-

ing installation and operation, which leads to different

speeds of movement of water in the filter layer and,

as a result, a decrease in the time of the protective

action of the filter;

— presence of stagnant zones during operation.

When analyzing the functional features and operational
characteristics of the drainage systems of rapid filters,
which have been widely used, some systems developed
recently have been taken into consideration.

In the tubular system «Polystok» a drainage-supporting
frame is provided, which is a two-layer fiberglass structure
of cells, between which layers a polymer filter mesh is
monolithically fixed. The filter screen is selected taking into
account that its cell size is approximately 0.1 mm less than
the minimum recommended size of the loading fractions.

The accumulated operational experience of operating
refitted filters has shown that fast filters with a gravelless
fiberglass drainage and distribution system provide stan-
dard indicators for residual turbidity, color and washing
intensity under various filtration modes. Rinsing water
is evenly distributed over the entire filter area, which
significantly affects the filtration efficiency. In this case,
the washing water saving reaches 20-30 % [7].

Among the shortcomings, the lack of reliability of the
filter mesh, the possibility of its rapid wear and the pres-
ence of stagnant zones should be noted.

Drainage filters of the Ecopolimer Group of Companies
(Kharkiv, Ukraine) exclude jet flow in a granular load,
which allows increasing the rate of contamination removal
and reducing the time required for washing the filter load.
The effectiveness of the use of such drainage systems for
the reconstruction of wastewater purification filters has
been proved [8].

In general, one can note the following advantages of
the drainage system [9]:

— improving the efficiency of volume utilization due

to the rejection of supporting gravel layers;

— exception of the removal of the filter load with puri-

fied water;

— ensuring a uniform distribution of water during fil-

tration and washing;

— drain filters of adjustable length simplify installation

and shorten its time.

Arc-shaped panels of the TRITON drainage system of
the European environmental center KREVOX (Vienna,
Austria) with a large slit surface made from Vee-Wire
tapered wire are suitable for any filtration load.

They have a double filtration surface: the outer one has
V-shaped slots, and the inner one has a frame to maintain
strength and openings for even distribution of water and air.
The supply of water and air during washing and removal of
water during filtration is carried out by a channel located
at the surface of the filter base. The living cross-section of
the grooves of the filtering surface is 20 times larger than
the living cross-section of the grooves of the filters from
the caps of the system [10].

The speeds of movement of water during filtration in the
filter load are uniform. Resistance of the drainage system
is 20 times less compared to the cap system. Due to the
uniform movement of water in the filter layer, suspended
solids are distributed evenly along the height of the filter
layer. This increases the filter dirt capacity. The filter cycle
increases to 20 hours. Flushing water consumption is minimal.

At the Dnipro Water Treatment Complex (Ukraine),
in the block of treatment facilities for water filtration that

34

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/3(47), 2019



I55N 2226-3780

CHEMICAL ENGINEERING:
REPORTS ON RESEARCH PROJECTS )

has undergone reagent treatment and preliminary sedimen-
tation, the project provides for quick non-pressure filters
with a downward flow of filtered water, in the amount of
24 units. The filtration rate in normal mode is 7.16 m/h,
in forced mode — 7.8 m/h.

During the operation of the drainage system made from
polyethylene sheathing pipes (the standard service life of
which is 10 years) as a result of the deformation of the
cracks and the destruction of the bridges between them,
the filter load is removed when filtering water, the quality
of the filtrate deteriorated. When washing the filter on
the surface of the washing water visible areas that «gush»,
there is no uniform distribution of water over the filter
area. The time and amount of flushing water increases:

— time — increased from 11 minutes up to 15 minutes;

— flow rate — up to 500 m? (increase from 8.24 1/s

to 8.41 1/s from one pipe).

Since 1998, reconstruction of the filter drainage system
has begun with the replacement of the drainage system
from sheathed polyethylene to polymer concrete and fi-
berglass. Currently, at the Dnipro water treatment plant
block with 24 design filters, two have been repaired, the
drainage system has been replaced with polymer concrete
on five filters, and the Polystok drainage system has been
installed on one filter.

The filter with the drainage system «Polystok» differs
from the design one in that instead of filing polyethylene
water distribution pipes, laid pipes with a fiberglass frame.
The supporting layer of gravel is absent.

The distribution of water and air during washing the
filters is slightly worse than in polymer concrete drains
(time — up to 13 minutes, flow rate — up to 430 m?).

A filter with a polymer concrete drainage system (Fig. 1)
is a reservoir with filter loading made of quartz sand or
anthracite, in which, unlike design filters, there is no support
layer of gravel. Instead, polymer concrete slabs are laid.
There are also no water distribution pipes with sheathed
polyethylene — instead of them concrete trays are laid. The
air distribution system has remained unchanged.
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Fig. 1. Fragment of the filter with a polymer concrete drainage system:

1 — polymer concrete slabs; 2 — concrete trays;
3 — air distribution system

Porous polymer concrete is made of aggregate (crushed
stone or gravel), which is bonded with an epoxy binder.

Filters with polymer concrete drainage systems have
proven themselves on the positive side. During the opera-
tion (10—15 years), the following indicators were identified:

— failure of the drainage and air systems was not ob-

served;

— high washing efficiency due to the uniform distribu-

tion of water and air over the filter area;

— does not form stagnant zones;

— washing time corresponds to the design — 11-12 mi-

nutes;

— water consumption is decreased — 350-400 m?;

— increase in the filtration rate and the duration of

the filter cycle;

— removal of sand and pollution above the norm are

absent.

But it should be noted that polymer concrete drain-
age systems are laborious to manufacture. When repair-
ing the air distribution system, it is necessary to remove
the plates, with a violation of the integrity of the filter
surface. Methods of control of plates before installation
do not guarantee their quality.

4. Conclusions

During the study, a comparison is made of the characte-
ristics of drainage and distribution systems of various designs
installed in filters for treating natural water to drinking
quality. It is revealed that the most promising are systems
made of polymer concrete. The results of the analysis of the
reconstruction of filter drainage systems at the Dnipro water
treatment complex of the Kharkivvodokanal utility company
confirmed the advantages of polymer concrete drainage sys-
tems. The performance indicators of systems with sheathed
polyethylene, pipes made from a reinforced plastic frame and
polymer concrete slabs are compared. The research results and
factors that are determined to characterize the effectiveness
of drainage systems will be useful in the design of treatment
systems or the development of technical solutions for the
reconstruction and modernization of facilities.
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