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Abstract: Water suppliers can be treated as production corepavhose main product is water delivered to their
customers. The article presents problems connegitdmanagement of such companies in the conditafns
secondary contamination in water distribution systeThis phenomenon exists in water networks ar dkie
world. Its’ presence is particularly visible in adties of former communistic block. In the artiglarticular
attention was devoted to the issue of water qualdgrection in the analysed systems. In the caswatér
distribution systems, former quality correction hwats consisted in special treatment of water punipiedthe
system, flushing and cleaning of water pipes. lthbiese cases identification of water quality deficies
resulted in significant water loss. The situati@flects management processes applied in the mantifar
industry of the 1940s. The authors of this papeérf@uvard the concept of three water quality caimtmethods
which would not entail such considerable water.ld$ge methods in question are intended for differestwork
types. The implementation of proposed solutiondccsaet new standards in management of distribugiatems
of water providers.
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Introduction

The quality of water transported by distributiortvmerk to the consumers should meet
the requirements set by international [1, 2] antional organizations. These requirements
are relatively easy to fulfill at the entrance he thetwork. Unfortunately, the quality of
transferred water can deteriorate within it, whiglealled secondary contamination [3]. The
phenomenon of secondary water contamination in msteply systems widely appears
around the world [4-8]. Causes of this phenomenawehdifferent reasons, and factors
affecting water contamination can be divided irewesal groups connected with: water, its
treatment and entering into the water supply systemraulic conditions, and pipe age in
water distribution system, piping material, andaaek structure [9-14].
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Secondary contamination of water distributed inewaupply systems has become one
of the main problems in countries that recentlyargdne political transformation. In these
countries, water supply systems were created inldtee nineteenth and early twentieth
century. Most of them were significantly develoged modified in the 60’s and 70’s of the
XX century, when the demand for water in the citiegs growing due to population
increase, industrial development and lack of ecaadrarriers of water consumption. This
situation has changed after transformation fromctivamunist system to capitalism. Poland
might be an example. Decrease of tap water consompiith the trend continuing to the
present day (Fig. 1), observed since early 90'ssed that currently most water supply
systems consist of oversized pipelines and stofagjties. Change in design standards,
shown in Figure 1 did not significantly improvedstiproblem. In addition, after 1990 there
was a sharp increase in the length of pipes’ ofaétgul systems - from about 93 thousands
km in 1990 to about 273 thousand km in 2010. Bb#sé factors resulted in elongation of
the time of water transport from the point of irgaio the receiver [15, 16], with all its
negative results as the following: precipitatiorskfdge [17, 18], microbiological risks [19,
20] or intensification of pipes’ material impact the transferred water quality [21-24].
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Fig. 1. Changes in the average per capita dailyswmption of potable water in Poland
in the last 20 years

Research conducted in Poland confirmed exceedinty factors of pollution in the
water transported by water supply systems as dt rafssecondary contamination. In order
to illustrate this phenomenon in the country, FigRrshows results of research conducted in
2006 in urban water supply system [22]. The studfeguality parameters were carried out
on-line and with laboratory analyses in 132 Polishan water supply systems. Analyzed
systems provided water to 15 million people, whigs 46.4% of people supplied by the
collective water supply systems. In all cases, watemped into the systems meets the
quality requirements given by Polish standardsland. Conducted research revealed that
in every analyzed system exceed of permissibleecwraf one or more of the assessed
indicators of water pollution occurred. In 78% bEtanalyzed water supply systems the
following parameters were most often exceeded:;, inm@nganese and turbidity, color, total
number of bacteria cultured in 22°C and free chirRarely exceeded parameters are the
following: ammonia, nitrates and nitrites, bacteZiali, chloramines, fluorides, streptococci,
pH, water hardness and odour.
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It thus appears that, despite the maintenance alftgstandards at the entrance to the
distribution system, there is a possibility thate tconsumer will obtain water with
deteriorated quality. It is necessary to search rfmthods to prevent the results and
counteract the quality deterioration of transposeder.

fluorides 1 1.0
nitrites 1.0
nitrates :I 1.0
ammonia N 4.9
MaNGaNese | S —— 52.4
iron e e—— 64,1
chloramine 1 1.0
free chlorine 9.7
hardness s 2.9
odour ¥ 1.0
turbidity —— 33.0
colour ——— 19.4
pH m 1.9
streptococci 110
clostridia m 1.9
bact. 22C i———17.5
bact. Coli 1 1.0
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Fig. 2. Percentage share of systems, in which psiblé content values of selected quality parareeter
of water taken from distribution system were exeeeddata from 2006 [22]

Purpose of this article is presentation of devedopg the authors own methods to
correct water quality in water supply system. Irilfar part of the paper, three methods are
presented - using network tanks, network treatrs@ttons and mobile rinsing and water
cleaning stations.

Previous methods to prevent and counteract the phenomenon
of secondary pollution

Previous practice of water supply companies, rdlate preventing secondary
contamination of water depended (and still deperms)a specialist water treatment
(ensuring biological and chemical stability) intemétd into the distribution network
[23-26].

Counteracting the effects of secondary contaminasomainly based on more or less
advanced methods of flushing and cleaning theikigton network [5, 15]. Among the
latter, the first to be indicated is loss of lasgaount of water being in water supply system,
and in many cases, the necessity of temporaryddwit: parts of the network.

Taking into account the presented in the literafere27, 28] overview of the methods
of flushing and cleaning of water supply systerhshibuld be noted that this issue is still
developing. There are no universal methods whichbmused with equal effectiveness in
various conditions. There are also no methodswiibsignificantly affect reduce of water
losses and costs of the process of rinsing andicigaAccordingly, both operating service,
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and research and development centers are stilliigofor new, effective and more
economical methods. The article presents threeuoh snethods - using network tanks,
network treatment stations and mobile water flugtand cleaning stations. These methods
have been developed and patented in recent yeattseblgam working in Department of
Water Supply and Wastewater Sewage at the Fadupvdronmental Engineering, Lublin
University of Technology [29-31].

Concepts of methods for correcting water quality
within the distribution network developed by the authors

During the work on the own methods of water quatityrection within the distribution

network, the authors adopted the following assuomgti

- providing quality adjustment without loss of watentained in the part of water supply
system,

- possibility to use in different types of networkksaped, branched, house connection
pipes, end parts of network),

- possibility to flush piping without stopping watgupply system,

- possibility to extend flushing time compared tatt@nal bleed flushing,

- enabling more frequent realization of flushing meses compared to traditional

Method using network tanks

This method is intended for small looped and bradchetworks. The basis of this
method is widely known fact of water flow increasedistribution network at the time of
refilling network tanks lying away from supply pbiof this network. According to the
authors, this phenomenon can be used to correajuhlity of water accumulated in the
pipes. For this purpose, existing water supplyesysshould be modernized by equipping
with an additional treatment plant and pumpingietatocated in direct vicinity of the tank,
as shown in Figure 3.
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Fig. 3. Modernization of the water distribution ®m by the use of the network’'s storage tank
as an element of correcting water quality in thievoek [27]

Proposed concept assumes that filling the tank tadl carried out cyclically or
intermittently, in the case of finding a degradatmf water quality. Water accumulated in
network pipes will be transported to the tank, #meh, after re-treatment, may be directed
to the distribution network. After filling the tan#istribution network will be supplied from
it and previously used source. It is important thalime of the tank should be greater than
or equal to the volume of water accumulated in pétwpipes supplying it. The task of
reducing valve, shown in Figure 3, is regulation tbé intensity of tank filling, and
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maintaining required pressure before the tank duits filling. Cut-off valve, shown in
Figure 3, remains open only during filling. It skaipe noted that higher filling intensity,
greater likelihood of achieving flushing rate istiibution pipes.

The assessment of applicability of this method weadized on the basis of simulation
calculations carried out in the water supply systserving 4 thousand recipients.
Calculations were performed using EPANET 2.0 [EXemplary results of calculations are
shown in Figure 4.
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Fig. 4. Water velocity in the hour of maximum wadiemand in existing water network (left) and during
water tank filling after their connection with neixk (right)

The above solution can somehow “recover”, for tistion system, the water that is
lost in traditional processes of correcting netwavkter quality. Combination of the
proposed system with enforcing targeted flow aldows for counteracting the effects of
pipes’ oversizing, periodically increasing flow eain selected sections of the network.
Implementation of remote control of network gatksves for covering various parts of the
network with the proposed method of flushing.

Method using network treatment plants

This method was developed by the authors for logmaork, in which end tanks does
not appear. The idea of this method is based omgheof network treatment and flushing
plants. The authors used here the possibility toefairculation of the water distributed
within flushed network loops.

An exemplary technological scheme of such a staloshown in Figure 5. Plant
proposed in Figure 5 should be built on the bymdssetwork pipe. After closing the end
valve and opening bypass valve, all of the watdrfleiv through the water treatment unit.
Pumping station integrated with it should compemsatessure losses occurred during
treatment. As a result, correcting of water qudlibyving through the station is possible.
Proposed concept, apart from the quality correctidso reduces water losses previously
inseparable with this process. Use of suitablecieffit circulating pumps and capacity of
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treatment plant adjusted to it, allows to obtaimsfiing velocity in pipes of the selected
fragment of the network. Way of such a flushing barchanged by forcing directed flow.
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> N Cut-off
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valve
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N Cut-off | Water treatment|__ Pumping
valve station station

Fig. 5. Exemplary technological scheme of netwogtiment plant

The assessment of applicability the above methosl aearied out using a computer
simulation in selected part of water supply systecated in the city of about 50 thousand
residents. Again, the simulation was performed gisHPANET 2.0. For calculations,
hydraulic resistance equal 15 mQHwas assumed, and the station capacity is notelini
Results of exemplary calculations are shown in g

— <0.1m/s = >0.7m/s
Water
source &) Network treatment plant

— Closed valve

Fig. 6. Flow velocity in analyzed fragment of watarpply system (2.00 a.m. after starting network
treatment station and circulating pumps)

Flow distribution, shown in Figure 6, in the comaliis of water treatment operating
with exemplary configuration of closed network \edvobtains that there is at least
theoretical possibility to use proposed methodlush fragments of water supply system
sections. At 2 a.m. the water consumption is mihin&uch flushing is done with
significantly reduced water losses. There are danittions of applying this method: sizes

of filters in cleaning station, their hydraulic igance and efficiency. An interesting
solution in this case can be applying fluidizetkfis.

Mobile flushing stations

The effects of secondary water contamination agentibst frequently observed in the
end parts of water supply systems, as well asfiigntly oversized house connections. In
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both cases, water supply pipes’ diameters do notexk 150 mm. In the previous practice,
correcting the quality of water accumulated in thews mainly realized by discharge
method, which was associated with significant wadsses, and thus time limitation and
frequency of flushing. Taking into account theselfems, the authors developed method
based on mobile flushing stations.
Operation of mobile flushing stations is basedhenfollowing [28]:
— closing flushing water circuit and connecting pip#ashing with flushing water
treatment,
— using hydrants as elements enabling access tcefiusipes,
— installing water spigots enabling connecting tlaish at the end of connection (before
the water meter),
— using truck chassis to install a flushing station,
— realization of flushing process during the houmifiimal water demand.
Scheme of mobile flushing station is shown in Fegir

2 2
(/Y e e (D

s

Fig. 7. Concept of Mobile Flushing Station: 1 -shed pipe, 2 - fire hydrant, 3 - elastic pipe,
4 - flushing station, 5 - stream flow direction [28
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Fig. 8. Water flow velocity distribution and itsgasure with using mobile flushing station, withsfling
pipe with diameter of 100 mm (top) and 150 mm (Gt
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Assessment of above method implementation poggiislibased, as in previous cases,
on numerical simulation studies carried out usiffARET 2.0. During the simulation two
internal diameters of flushed pipes were considered
- 100 mm - one flushing station was used,

- 150 mm - two parallel flushing sets were used,
- distance between connection hydrants is 100 m.

Simulation results are shown in Figure 8.

In the presented method, flushing time and the rumolb water exchanges are limited
by capacity of treatment system. In the case ofimiédt pipes (with diameters of 150 mm), it
was necessary to use two stations connected itlgdaimulation research has shown that
the effectiveness of proposed method can be limibyd the necessity to provide
a constant water supply to the consumers, evemgltfitishing. In the cases when flushing
is conducted at night or in the final parts of wasepply system the risk is minimal.
Unquestionable advantage in relation to traditioflabhing method is saving water
consumption. Disadvantage of this method is exglioih cost of the station, which is about
10-times greater than the cost of traditional flnghof water supply pipes.

Conclusions

Discussions and analyzes conducted in the artitteva to draw the following
conclusions:

- Problem of secondary contamination of water inritigtion networks is present in
many countries in the world, especially in post-cmmist countries, like Poland where
fall in demand of water and rapid increase of #hegth of exploited network pipes are
visible.

— To prevent secondary water contamination, the nistiased on an appropriate water
treatment at the input and flushing and cleanirtg/okk pipes are the most popular.

— Commonly used methods of flushing and cleaning agkwipes were associated with
the significant loss of water. Presented conceptthee methods of water quality
correction in the network allow to reduce wateskrs

— Simulation studies have shown that there are &t lgeoretical possibilities of the
application of these methods in real distributipstems.

— One of the limitations of these methods applicat®necessity to use filters with high
capacity, small sizes and high efficiency.
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LWydziat Inzynierii Srodowiska, Politechnika Lubelska
2|nstytut Inzynierii Srodowiska, Wydziat Zamiejscowy Nauk o Spotetstvie w Stalowej Woli
Katolicki Uniwersytet Lubelski Jana Pawita Il

Abstrakt: Przedsibiorstwa wodocigowe mog by¢ traktowane jako zaktady produkcyjne, ktérych gi§mm
produktem jest woda dostarczana do odbiorcéw. Ykale autorzy zwracajuwag; na problematykzaradzania
takimi przedsibiorstwami w warunkach wysgtowania zjawiska wtérnego zanieczyszczenia wodyptie sieci
wodochagowych. Problem wtérnego zanieczyszczenia dotygmtemdw wodoeigowych na calymswiecie,
jednak szczegdlnie widoczny jest w krajach byledmkip komunistycznego. W artykule zwrécono uwatp
problem korygowania jakeoi wody w obgbie sieci. W przypadku systeméw dystrybucyjnych wod
dotychczasowe metody korygowania opieratygdwnie o specjalne uzdatnianie wttaczanej doi siecly oraz
ptukanie i czyszczenie przewodéw sieciowych. W gszypadkach stwierdzenie nieprawidtowej jésiowody
w obrbie sieci dystrybucyjnej skutkowatlo zngcymi stratami wody. Sytuacja ta odpowiada procesom
zarzdzania stosowanym w przeghy produkcyjnym w latach 40. ubiegtego wieku. Wykudle autorzy prezentyj
koncepcje opracowanych przez siebie czterech miatoghowania jakéci przesytanej wody, niewymagaych
jej znacznych strat. Metody te zostaly dedykowadimym typom sieci. Wdrienie tych metod m@ zmiené
standardy zaarizania systemami dystrybucyjnymi w przetisdrstwach wodoaigowych.

Stowa kluczowe:system dystrybucji wody, jaké wody, wtérne zanieczyszczenie, metody korygowania
jakosci wody



