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ASSESSMENT OF WATER NETWORK
FUNCTIONING ON THE BASIS OF WATER

LOSSES

In the paper the analysis of water network functioning on the basis of water losses
occurring in the exemplary water supply system is presented. Using the received
operational data the balance of water production was shown, the individual water
consumption was calculated, the basic indicators of water losses and the indicators
of network hydraulic load were established, which referred to the values recom-
mended, among others, by the American Water Works Association. On the basis of
these indicators, the assessment of the state of tested water supply system was per-
formed. The unitary volume indicators related to water losses are at the constant
level. The unitary indicator of water losses for the years 2007-2015, on average,
amounted to approx. 108 dm®-inh™'-d"', the unitary indicator of water supplied into
network takes values from 459,1 dm® -inh™-d" in 2007 to 402.9 dm™inh™-d" in
2015, which means the decrease of approx. 12%. The unitary indicator of sold wa-
ter is in the range from 288,9 to 419,5 dm® -inh'-d". The infrastructure leakage in-
dex ILI, according to the criteria of World Bank Institute Banding System for de-
veloping countries, estimates the state of water supply system as good. The value
of the ILI index for the analysed water supply system corresponds to national
trends, which range from 3,13 to 16,52 [3, 8].
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1. Introduction

Aiming

to reduce water losses and rational water management is a priority ob-

jective of each water company. In order to reduce the volume of water losses every
year the water company takes new actions to eliminate all controlled and uncon-

trolled water

losses [1, 8, 10]. Such action may include the introduction of continu-

ous monitoring of water losses, conducting a detailed analysis of water consump-
tion by consumers, as well as research and assessment of indicators showing the
network state and giving a signal to take appropriate action [3, 4, 7, 9].
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At the end of 2015 the water supply system in examined city formed a net-
work of distributional and mains pipelines with a total length of 212,1 kilome-
tres. During the years 2001-2015, on average, 27,81 km of main network and
166,32 km of distribution network operated and in years 2007-2015 5571 water
supply connections were used. It was also found that at the end of 15 analysed
years the total length of the main water supply decreased by almost 27%. From
2001 to 2011 this value was constant and over the years decreased every year, on
average, by 13,55% . The distribution network is characterized by high growth,
from 2001 to 2015 a total length of 140,5 kilometres increased by 49,9 km
which gives each year increase by, on average, about 4%. In the case of water
supply connections, from 2007 to 2015 their number increased by 803 units.

Analysing the material structure of water supply network, it can be concluded
that a dominant material of which the largest part of the water pipes is made is grey
cast iron, then PVC and steel. The smallest group are pipes made of asbestos-
cement, which, however, are gradually exchanged for pipes made of other materials.

The value of water production for the purposes of households in the analysed
period is still at almost the same level. There was not any significant decrease or
increase of this value over the years. The difference is not less or more than 4%
compared to the previous year. The increasing fall in water consumption was
observed and this trend is not only in the examined city but in all Polish cities.
This fact is, among others, caused by the increasing awareness of water users of
water resources and the significant increase in the price of water per m’."

To analyse the magnitude of water losses in the water network the indicators
developed on the basis of annual balance were used and the water losses were
described by determining the indicators recommended by the International Wa-
ter Association (IWA) [2].

2. Determination of water losses

To calculate water losses some data are used, their list and indications are
presented in Table 1 [12].

Table 1. Summary of basic parameters to determine water losses acc. to IWA
Tabela 1. Zestawienie podstawowych parametréw do wyznaczenia strat wody wedtug IWA

Specification Explanation
. Ves Water supplied into the network
. Vows: Water used for own needs of water network
. Vow: Sold water
R Vis; Water losses

. Ly Length of mains

R Lo; Length of distribution network

Total length of network (mains and distribution network)
Length of water supply connections

Number of water connections

Lysips
Lpw;
. PW.
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In the Figure 1 the balance of water production in 2007-2015 was present-

ed.
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Fig. 1. Balance of water production, where Vj,, is water sold to households
(other indications as in Table 1)

Rys. 1. Bilans produkcji wody, gdzie V,;, — woda sprzedana gospodarstwom
domowym (pozostate oznaczenia jak w Tab. 1)

In the Figure 2 the length of individual sections of the network in 2007-
2015 was presented.
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Fig. 2. The lengths of the individual sections of the water supply system in
2007-2015 (indications as in Table 1)

Rys. 2. Dlugosci poszczegélnych odcinkéw sieci wodociagowej w latach 2007-
2015 (oznaczenia jak w Tabeli 1)

The assessment of actions taken to reduce water losses in water supply sys-
tem can be performed using the /LI index, determined as the quotient of the vol-
ume losses by the indicator of unavoidable annual real losses (UARL) defined as:
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UARL = [18 - (Ly, + Lp) + 25 - PW + 0,8 - Lpy ] - 0,365 - p, [m® - a™] 1)

where p is the mean pressure in the analysed zone and 0,365 is the conversion
factor, other explanations are given in Table 1.

Less strict categories of the ILI, according to the recommendations of

AWWA, are as follows [5, 6]:

e JLI<3,0 - very good state;

* 3,0<ILI<5,0 - good state;

e 5,0<ILI<8,0 - weak state;

* JLI> 8,0 - unacceptable state.

While taking into account the categories of WBI Banding System for the
developing countries, the range of the ILI is as follows:
* JLI<4,0 - very good state;

* 4,0<ILI<8,0 - good state;
e 8,0<ILI<16,0 - weak state;
* JLI> 16,0 - unacceptable state.

In order to determine the unitary real loss indicator the following types of
that indicator were distinguished — the RLB, indicator, defined by the formula
2 (when the number of water supply connections per each km of network is less
than 20) and the RLB; indicator, determined by the formula 3 (where the number
of connections is equal or higher than 20 per km of network) [12]:

VWS
RLBy = —™ __ [m® km™t-d!
TS [m” - km ] (2)
or
V,.-1000
RLB, = l:NSW' [dm® - km™! - d~! - water connection] (3)
PW

In turn, the indicator of non-revenue water basic (NRWB) was determined
as the quotient of the difference of water supplied into network and sold water
by water supplied into network.

Calculated indicators of water losses are presented in Fig. 3.
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Fig. 3. Descriptive statistics of water losses indicators in 2007-2015

Rys. 3. Statystyki opisowe wskaznikow strat wody w latach 2007-2015
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Fig. 3. Descriptive statistics of water losses indicators in 2007-2015 (c.d.)
Rys. 3. Statystyki opisowe wskaznikéw strat wody w latach 2007-2015 (cont.)

The determined parameters for water losses have variable tendency, for the
ILI index, in the last year of analysis, there was an increase of 15%.

To calculate unitary water consumption the characteristic parameter was
calculated according to the formulas presented in Table 2.

Table 2. Calculation of individual indicators of water consumption and losses (indica-
tions as in Table 1)

Tabela 2. Zestawienie jednostkowych wskaznikdw zuzycia oraz strat wody (objasnie-
nia jak w Tabeli 1)

Specification Equation Unit
Water supplied into network qs = (V41000)/(inh -365)
Sold water sw = (V,'1000)/(inh -365)
Water sold to households Qush = (szh-IOOO)((lnh -365) [dm’-inh-d"]
Water losses Qus = (Vys'1000)/(inh -365)
Water used for own needs Jow = (Vo' 1000)/(inh -365)
Nonprofit water Qow = (V- V)/(inh -365)
Hydraulic loading rate per unit o = V/(Lysap 365)
for water supply network [m’km-d"]
Water loss rate per unit for the =V, /(Lap -365)
entire length sl = Vs TeneD

In the Figures 4 and 5 the calculated unitary water loss indicators and the
unitary hydraulic load indicators were shown.
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Fig. 4. Unitary water loss indicators in 2007-2015
Rys. 4. Jednostkowe wskazniki strat wody w latach 2007-2015
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Fig. 5. Unitary hydraulic load indicators in 2007-2015

Rys. 5. Wskazniki jednostkowego obciazenia hydraulicznego sieci w la-
tach 2007-2015
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3. Discussion of results

Referring to the results of the analysis of water losses it was found that wa-
ter losses which are the ratio of the volume of water losses to the amount of wa-
ter supplied into the water supply network, in each of the years covered by the
analysis, 2007-20135, are in the range from 20,73% to 28,29%.

Determined unitary water loss indicators and indicators of the unitary hy-
draulic load show a downward trend and in the last year of analysis reached the
lowest value compared to the previous years of the analysis.

In order to assess water losses in water network the infrastructure leakage
index ILI was, among others, calculated. For the last nine years it is in the range
of 5,48 to 7,46. This indicator shows how many times the real water losses ex-
ceed the unavoidable losses. Comparing the results of the /LI index with afore-
mentioned criteria it was found that according to the IWA criteria in all analysed
years the state of water supply system in the city is unacceptable. Taking the
same index and referring it to the WBI criteria for developing countries this state
is good, referring it to the WBI criteria for the developed countries it is weak.
Considering the /LI index, according to AWWA, the state of water supply sys-
tem in the analysed years 2007-2015 is weak. The infrastructure leakage index
ILI in Polish cities varies, on average, at the level from 3,13 to 16,62 [4], on the
basis of which it can be concluded that analysed water network is at satisfactory
level. The determined values of the ILI correspond to national trends - for com-
parison the /LI index for other water supply system ranged from 4,3 to 5,8 [11,
13]. The NRWB index in 2007-2015 ranges from 8,57% to 28,29%, while the
RLB index was at the level of 12,51-16,67 m>-km™-d" and also from 452,07 to
631,49 dm™d"-PW™.

4. Conclusions

The analysis of water losses and the determination of the unitary water
loss indicators allow to perform detailed assessment of the state of operating
water supply network. It can be indicated that there was no clearly visible
downward trend or growth in the calculated indices. The unitary water loss
indicator in the analysed time remains at a constant level. It should be noted
that taking actions aiming at reducing water losses directly affect the finan-
cial results of the water company.
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OCENA FUNKCJONOWANIA SIECI WODOCIAGOWEJ NA
PODSTAWIE STRAT WODY

Streszczenie

W pracy przedstawiono analiz¢ funkcjonowania sieci wodociggowej na podstawie strat wody
wystepujacych w przyktadowej sieci wodociagowej miasta. Przy wykorzystaniu otrzymanych
danych eksploatacyjnych obliczono jednostkowe wielkosci zuzycia wody, a takze ustalono pod-
stawowe wskazniki strat wody, ktére odniesiono do warto$ci wskaznikéw zalecanych min. przez
AWWA. Na ich podstawie dokonano oceny stanu systemu wodociggowego. Wyznaczone jednost-
kowe wskazniki objetosciowe dotyczace strat wody utrzymuja si¢ na statym poziomie. Jednostko-
wy wskaznik strat wody dla lat 2007-2015 wyni6st érednio ok. 108 dm*M'-d”', jednostkowy
wskaznik wody wttaczanej do sieci przyjmuje wartoéci od 459,1 dm®>M™-d™" w2007 roku do
402,9 dm*M'.d" wroku 2015, co oznacza jego spadek na poziomie ok. 12%. Jednostkowy
wskaznik wody sprzedanej waha sic w zakresie od 288,9 do 419,5 dm®>M™'.d"'. Wskaznik ILI
wedtug kryterium WBI Banding System dla krajéw rozwijajacych si¢ ocenia stan wodociagdw
jako dobry. Wartos¢ wskaznika /LI dla wodociagdw odpowiada tendencjom krajowym, ktére wy-
nosza od 3,13 do 16,52 [3, 8].
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