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REZIME

U velikom broju vodovodnih sistema, narocito u zemljama u razvoju, podaci o elementima sistema, merenja protoka i potrosnje vo-
de imaju veliku neodredenost. Ova neodredenost se u daljim prora¢unima propagira naizra¢unate vrednosti indikatora prerforman-
si sistema - PI. Podaci velike neodredenosti mogu da navedu na pogresne zakljucke i samim tim dovedu do pogre$nih upravljackih
odluka. Analiza gresaka i neodredenosti obuhvata proucavanje i kvantifikovanje neodredenosti, a na osnovu dobijenih rezultata
preduzimaju se mere za njeno minimiziranje. U ovom radu je prikazana primena ISO metodologije [1], koja ukljucuje i zakon pro-
pagacije neodredenosti, za procenu neodredenosti merenja i njene propagacije na Pl vodovodnih distributivnih sistema - VDS. Na
primeru grada Pozarevca (centralna Srbija), prikazan je postupak za smanjuje neodredenosti ulaznih parametara na osnovu kojih se
ra¢unaju komponente vodnog bilansa i indikatora ILI.

Kljucne reci: vodovodni distributivni sitstemi, indikatori performansi, neodredenost, ILI

ABSTRACT

In many water systems, especially in developing countries, data on the elements of the system, flow measurements and water con-
sumption have great uncertainty. This uncertainty in the further calculations is propagated to the calculated values of performance
indicators - Pl. Large data uncertainty may lead to wrong conclusions and thus lead to incorrect management decisions. Analysis of
errors and uncertainties involves the study and quantification of uncertainty, and the obtained results are the basis for taking the
necessary measures to minimize. This paper presents the application of ISO [1] methodology, which includes the law of propagation
of uncertainty, the estimation of uncertainty of measurement and its propagation to the Pl of water distribution systems - WDS.
Example of the city of Pozarevac (central Serbia), provides a method for reducing the uncertainty of input parameters for calculating
components of the water balance and ILI indicators.
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1. UVOD 1. INTRODUCTION

Accuracy and reliability of the components of the
water balance calculations, as well as performance
indicators (Pl), depends on the accuracy and reliabi-
lity of the input (measured) data. To meet the quality
standards for Pl comparison it is necessary to know
podataka. Podaci velike neodredenosti mogu da na- ¢ the accuracy and uncertainty of information. Large
vedu na pogresne zakljucke i samim tim do pogres- ° data uncertainty may lead to wrong conclusions and

Ta¢nost i pouzdanost prorac¢una komponenti vod- «
L]
L]
nih upravljackih odluka. Praksa je pokazala da, gene- E thus to incorrect management decisions. Practice has
L]
.

nog bilansa, kao i indikatora performansi (Pl), zavisi
od tacnosti i pouzdanosti ulaznih (merenih) podata-
ka. Da bi ispunili standarde kvaliteta u poredenju PI
neophodno je poznavanje tac¢nosti i neodredenosti

ralno, izvori koji dostavljaju podatake ¢esto nemaju « shown that, in general, the data sources often do not
detaljne informacije o njihovoj pouzdanosti i ta¢no- « have detailed information about their reliability and
sti. Testiranje sistema IWA Pl pokazalo je da izvodljiva « accuracy. Testing of the IWA Pl system revealed viable
upotreba Cetiri kategorije tacnosti podataka i tri nji- ¢ use of the four categories of data accuracy and three
hove pouzdanosti (ALEGRE et al. 2006). of their reliability (ALEGRE et al. 2006).

Neither measurement, no matter how carefully per-
formed, is not without uncertainty. For this reason,
it is necessary to quantify uncertainty and take the

Ni jedno merenje, ma koliko se paZljivo izvodi, nije
bez neodredenosti. Iz tog razloga, potrebno je kvan-
tifikovati neodredenost, i na osnovu dobijenih vred-
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nosti preduzeti mere za njeno minimiziranje. Merna
neodredenost definisana je kao parametar pridruzen
rezultatu merenja koji karakteriSe disperziju vredno-
sti merene veli¢ine [1].

U vedini VDS u svetu, narocito u zemljama u razvo-
ju, ulazni podaci, mereni ili nemereni, imaju veliku
neodredenost. Ova neodredenost se u daljim prora-
¢unima propagira na Pl. Neodredenost je generalno
prouzrokovana brojnom kombinacijom faktora sa
slu¢ajno distribuiranim efektima. U tom slucaju, ra-
zlika izmedu tacne i ocenjene (merene) vrednosti je
promenljiva sa normalnom raspodelom. Neodrede-
nost moze da se izrazi i preko korespondirajuce stan-
dardne devijacije (o). Uz pretpostavku da su greske
slucajne i sa normalnom raspodelom, najce$¢a mera
neodredenosti u praksi je [2]:

+ 10 (odgovara intervalu poverenja od oko 68%)

« 20 (odgovara intervalu poverenja od oko 95%)

+ 30 (odgovara intervalu poverenja od oko 99%)

Da bi se odredio stepen neodredenosti, standardan
nacin proracuna varijanse koja se odnosi na odrede-
nu zapreminu vodnog bilansa, na osnovu 95% inter-
vala poverenja (CL), prikazan je narednom jednaci-
nom (1) [6]:

var = (Zapremina u ¥ x 95% interval poverenja/1,96)* (1)

Za proracun Pl koriste se razne promenljive. Jasno da
se ni jedan podatak (promenljiva) ne moze posma-
trati kao ta¢na vrednost — svi oni su “najbolje proce-
njeni” u manjoj ili ve¢oj meri. Cesto se neka veli¢ina
¢ meri posredno, merenjem drugih veli¢ina X, Ya, X
preko funkcije o= f(X, 74,X). Da bi se odredila uku-
pna neodredenost veli¢ine ¢, u takvim slucajevima,
primenjuju se pravila za propagaciju neodredenosti.

Preciznost procene vrednosti vode koja ne donosi
prihod (NRW) iz vodnog bilansa zavisi od tacnosti
merenja zapremine vode dotekle u sistem i vode koja
donosi prihod. Potpuno ta¢na merenja nisu moguca
usled netac¢nosti kako meraca protoka kojim se meri
dotok vode u sistem, tako i vodomera kojim se meri
potrodnja vode korisnika. Takode, nije moguce ta¢no
odrediti komponentu vodnog bilansa koja se odnosi
na nefakturisanu nemerenu legalnu potrosnju vode.

ISO metodologija za odredivanje propagacije neo-
dredenosti danas je prihvacena kao standardna me-
toda za procenu neodredenosti merenja, kao npr. u
vodnim kompanijama u UK [7].

Kombinovana neodredenost merenja dobija se kom-
binacijom pojedinacnih standardnih neodredenosti
ulaznih vrednosti. Najcesce se koristi First Order Se-
cond Moment (FOSM) metoda propagacije neodre-
denosti u kojoj se nedodredenost parametra modela
prenosi kroz model koristec¢i aproksimaciju modela
Tejlorovim redom oko srednje vrednosti svakog ula-
znog parametra. Neodredenost izlazne promenljive
(rezultata) moze se dobiti iz jednacine 2:

necessary measures to minimize on the basis of the
obtained values. Measuring uncertainty is defined as
a parameter associated with the result of measure-
ment that characterizes the dispersion of the value of
measured size [1].

In most of the WDS in the world, especially in deve-
loping countries, input data, measured or unmea-
sured, are of great uncertainty. This uncertainty in the
further calculations propagates to Pl. Uncertainty is
generally caused by a combination of numerous fac-
tors with randomly distributed effects. In that case,
the difference between the evaluated and the true
(measured) value is the variable with normal distri-
bution. Uncertainty can be expressed through the
corresponding standard deviation (c). Assuming that
errors are random and normally distributed the most
common measure of uncertainty in practice is [2]:
« 10 (corresponding confidence level of approxima-
tely 68%)
« 20 (corresponding confidence level of approxi-
mately 95%)
+ 30 (corresponding confidence level of approxi-
mately 99%)

To determine the degree of uncertainty, the standard
way of calculating the variance related to the specific
volume of water balance, based on 95% confidence
level (CL) is shown in the following equation (1) [6]:

var = (Volume in m) x 95% confidence level)/1,96) (1)

Pl calculation is using a variety of variables. It is cle-
ar that any data (variable) can not be regarded as a
true value - they are the “best estimated” to a greater
or lesser extent. Often a size ¢ is measured indirectly
by measuring other quantities X ... X, via the ¢=f (X,
V4, X,). To determine the overall uncertainties of the
size, in such cases, are applied the rules for the propa-
gation of uncertainty.

Accuracy of the valuation of Non-Revenue Water
(NRW) from the water balance depends on the accu-
racy of measuring the volume of water running to
the system and the water that brings revenue. Com-
pletely accurate measurements are not possible due
to inaccuracies of flow-meter that measures the flow
of water in the system, and the gauge that measures
water consumption profile. Also, it is not possible to
accurately determine the components of the water
balance relating to invoiced legal unmeasured water
consumption.

ISO methodology for determining the propagation
of uncertainty is now accepted as a standard method
for the evaluation of uncertainty of measurement,
such as the water companies in the UK [7].

Combined uncertainty of the measurement is obta-
ined by combining the individual standard uncerta-
inty of the input values. The most commonly used is
the First Order Second Moment (FOSM) method of
propagation of uncertainty where the uncertainty
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gdejef (x,..x ”) rezultat modela, varff,(x ..., x ] oznaca-
va varijansu izlazne promenljive, n je broj ulaznih pro-
menljivih, var[x] varijansa ulaza x, i covix,x] predstav-

lja kovarijansu izmedu ulaza x i x. (cov[x.,x.J: o )
i i J XX j

. Izvod 8fk(x1,...,xn )/éxj predstavlja osetljivost re-
zultata modela u odnosu na promenu ulazne vred-

nosti 6xj . Prvi ¢lan u jednacini (2) predstavlja dopri-
nos neodredenosti rezultata od neodredenosti svake
ulazne promenljive koje deluju nezavisno. Drugi ¢lan
oznacava doprinos neodredenosti rezultata od pove-
zanosti parova ulaznih promenljivih. Medutim, Posto
se ulazni parametri u vodnom bilansu ne mere isto-
vremeno, i imaju razli¢ite procedure procene, oni ni-
su korelisani i kovarijansa ima vrednost nula.

Postoje razlic¢ite metode za analizu neodredenosti, ali
ne postoji metodologija koja moze dati ta¢ne razul-
tate na osnovu netacnih ulaznih podataka. U ovom
radu bice prikazan prora¢nun komponenti vodnog
bilansa i indeksa ILI, kao i propagacija neodredenosti
rezultata, na primeru VDS Pozarevca.

2. METODA SMANJENJA
NEODREDENOSTI ILI

2.1 Proracun vrednostiILl i njegove
neodredenosti

Gubitke vode iz VDS je nemoguce u potpunosti eli-
minisati, pa je IWA predloZila jednacinu za odrediva-
nje neizbeznih stvarnih gubitaka vode (Unavoidable
Annual Real Losses - UARL):

UARL=(18°L +08N_ +25L ) P 3)
gde su: UARL - neizbezni stvarni gubici vode (l/dan),
L - ukupna duzina distributivne mreze (km), N_
- brOJ prikljucaka, L = - duzina cevi prikljucaka od
priklju¢ka na vodovodnu cev do vodomera (km), P -
prosecan radni pritisak u sistemu (m).

U okviru analize vodnog bilansa, izmedu ostalog
odreduju se i vrednosti stvarnih gubitaka vode u raz-
matranom vremenskom periodu (Current Annual Real
Losses — CARL). Pokazatelj stvarnih gubitaka vode ILI
koristi se za poredenje ukupnih preformansi uprav-
ljanja stvarnim gubicima vode, a izraCunava se jed-

of the model parameters is transmitted through the
model using the Taylor approximation model around
the mean values for each input parameter. Uncerta-
inty of the output variables (results) can be obtained
from Equation 2:

Var[ﬁ(xl,...,xn)]zi(mf varlx |+

i=1 ax,-

+zzzaf" af"(xé;’ Jeorls, <)

i=l j=1 j

2

wheref (x,..,x ) isamodelresult, var[f (x,...,x ] stands
for the variance of the output variable, n is the num-
ber of input variables, var[x] variance of the input x,
and cov[x,xj] represents the covariance between in-

putsx.andx; (colel,x J— o, ) of, (xl, "X, )/ax
represents the results of the sen5|t|V|ty of the model

in relation to the change in the input value of axj
. First member the equation (2) represents the con-
tribution of uncertainty results from the uncertainty
of each input variable acting independently. Second
member indicates the contribution of uncertainty
results from the correlation pairs of input variables.
However, as the input parameters in the water ba-
lance are not measured simultaneously, and have
a variety of assessment procedures, they are not
correlated and the covariance has the zero value.

There are different methods for the analysis of un-
certainty, but there is no methodology that can pro-
vide accurate results based on incorrect input data.
This paper presents the calculation of the water ba-
lance components and the ILI index, and the propa-
gation of uncertainty of results, on the example of
WDS of the city of Pozarevac.

2. ILIUNCERTAINTY REDUCTION
METHOD

2.1 Calculation of ILI value and its
uncertainty

Water Loss from the WDS is impossible to completely
eliminate and IWA proposed equation for the deter-
mination of Unavoidable Annual Real Losses - UARL:

UARL=(18L_+08N__+25L ) P (3)

where UARL - are unavoidable annual real losses (I/
dan), L - total length of the distribution network
(km), N_  —number of connections, L - length of
pipe connections from the connection to the water



"

VODA | SANITARNA TEHNIKA

nac¢inom (4):
ILI = CA_RL (4)
UARL

Nepouzdanost merenja i procedure rukovanja poda-
cima u VDS dalje se propagiraju na rezultate proracu-
na vodnog bilansa i ILI.

Primenom ISO metodologija za odredivanje propa-
gacije neodredenosti mogu se odrediti neodrede-
nosti komponetni vodnog bilansa i ILI. U nastavku su
priloZeni izrazi za neodredenost nekih bitnih pokaza-
telja u VDS sa n izvorista vode i i kategorija potro$aca:
+  ukupan dotok vode u VDS iz n, izvorista vode:

e

inp n;
Z I/inp,i (5)
i=1

« ukupna zapremina vode koja ne donosi prihod

NRW iznosi:

N gymac ngumc

NRW Z inp,i _( ZVBMACz + ZVBUMCzJ (6)

i=l i=l

a neodredenost

(V AV )Z f ( B‘MA( B\/IA( )2 + 5 (VHUMC.IAVBL’MC,I')Z

ANRW = \/ - —
(7

NRW
« neodredenost zapremine neizbeznih gubitaka
vode UARL, izrazenih u |/dan, iznosi:

conn )’ (25 Lt onn ALA conn )Z
+25L,, ) A (8)

+ neodredenost zapremine neizbeznih gubitaka
vode UARL, izrazenih u I/priklj.dan, iznosi:

AUARL — (18LmAL (0 8N(onn
(18L, +0,8N,

conn

Al]‘ARLwnn - \/(ANconn )2 + (AUARL )Z
)
« neodredenost indikatora Op29 (ILl) iznosi:
A29p AILI = (ACARL } +(AUARL | (10)

gde su V. - dotok vode sa izvorista u VDS (m?) i
AV, .- 95% CL, V - fakturisana izmerena legalna

potrosnja vode (rﬁgffAV -95% CL, V. . - fakturi-

sana nelzmerena IegalngMSCotroana vode (m?) i AV
- 95% CL, n,,,,. i Ny, - ukupan broj kategorija potro-
saca, VUAC - nefakturisana legalna potrosnja vode
(m?3) |AVUAC -95% CL, V, .- ukupna fakturisana legalna
potro3nja vode (m?) i AVAC - 95% CL, V. - nelegalna
potrosnja vode (m?) i AV, - 95% CL, V,,,, - zapremina

we - 95%

vode usled greski na vodomerima ’(mc3)E| AV,
CL, L - duzina glavnih cevi (km)i AL - 95% CL, N

conn

supply pipe to the gauge (km), P — average operating
pressure in the system (m).

Within the water balance analysis, among other thin-
gs, is determined the value of the actual water loss
in the studied time period (Current Annual Real Losses
- CARL). Indicator of actual water loss, ILI, is used to
compare the overall performance management of re-
al water losses, as calculated in equation (4):

[L[:CA_RL (4)

UARL
Unreliability of measurement and data handling pro-
cedures in WDS continues to propagate on the re-
sults of the calculation of the water balance and ILI.

Applying ISO methodology for determining the pro-
pagation of uncertainty can determine uncertainti-
es of the water balance components and ILI. In the
following are attached terms of uncertainty of some
important indicators of the WDS from n, water source
and i consumer categories:

- total water supply to the WDS from n, water source:

. total Non Revenue Water volume is:
N yac

NRW ZVmpi _( ;VBMACJ + ;’VBUMC,I‘) (6)

And its uncertalnty

M paaC

(V AV )2 z ( BMAC.i BMAC )2 if( B(/MC BL\/I(_ )2
NRW (7)

+ uncertainty of Unavoidable Annual Real Losses
volume, expressed in |/day; is:

ANRW = \/

(8z,AL,} +(0.8N,, AN, ] +(25L,,AL g

(8L, +08N,,, +25L,,. ) A (8)

+ uncertainty of Unavoidable Annual Real Losses
volume, expressed in I/conn.day, is:

- \/(ANcunn )2 + (A UARL )z
+ uncertainty of Op29 (ILI) indicator is:

‘conn umn

AUARL —\/

AUARL )

conn

£29p a1~ (ACARL } +(AUARL Y (10)

where V. - water inflow from the source into WDS
(m?) and AV b~ 95% CL V- invoiced measured
legal water consumptlon (m*) and AV, , . - 95% CL,
Viume, - invoiced non-measured Iega water con-
sumption (m3?) and AV -95% CL, n,,,..and n

- total number of consumer categorles Vuac - Iegai

BUMC,i
unbilled water consumption (m?) and AV, .- 95% CL,
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.

- broj priklju¢aka (-) i AN - 95% CL, L - duZina
priklju¢nih cevi (km) i AL - 95% CL, P, - prosecan
pritisak u VDS (m) i AP _ - 95% CL.

2.2 Metodologija za smanjenje
neodredenosti komponenti vodnog
bilansailLl

U pocetnom koraku, analiziraju se postojece podloge
i raspolozivi podaci o VDS, kako o objektima tako i
potrosacima i njihovoj potrosnji vode, postoje¢im ba-
zama, merenjima itd. Na osnovu postojecih podataka
izraCunavaju se komponente vodnog bilansa i Pl koji
iz njega proisti¢u, kao i neodredenost ulaznih poda-
taka i njihova propagacija. Nakon izvriene analize ne-
ophodno je sprovesti sledece aktivnosti:

1. Ugradnja meraca protoka velike pouzdanosti na

svim izvoristima VDS-a, ukoliko ne postoje. Uko-
liko postoje, kalibriSu se i razmatra eventualna za-
mena meracima vece tacnosti.
Obzirom da zapremina dotekle vode u VDS ima
najvec¢u vrednost od svih komponenti vodnog
bilansa, od izuzetne je vaznosti da preciznost
glavnih meraca protoka bude velika, odnosno
da neodredenost ove zapremine bude §to manja
(npr. manja od + 2 %, pri intervalu poverenja od
95%). Obzirom na propagaciju neodredenosti, ve-
¢a vrednost negativno uti¢e na pouzdanost daljih
proracuna. Ugradnja uredaja tipa sonde (neodre-
denost se krec¢e oko +/-5% do 10%) je prihvatljiva
za povremena merenja, ali je nezadovoljavajuce
kao dugotrajno reSenje. Ovo je narociti znacajno
ukoliko postoji samo jedno izvoriste vodosnabde-
vanja. Pri ve¢em broju izvorista ukupna neodrede-
nost ove zapremine vode se smanjuje, $to se mo-
ze videti na narednoj slici 1 (pretpostavka je da svi
meraci protoka registruju sli¢nu zpareminu vode).
U vecim sistemima sa jednim izvoristem, instala-
ciju dva meraca u seriji treba posmatrati kao stra-
tegiju za smanjenje neodredenosti u prora¢unim
vodnog bilansa [5]. Ako ima viSe meraca protoka
i svaki registruje razli¢itu zapreminu vode i imaju
razli¢itu neodredenost, prioritetno treba proveriti
prvo merace koji imaju najvecu vrednost proizvo-
da registrovane zapremine i % neodredenosti.

2. Projektovanje baze podataka i GIS-a kako obje-
kata VDS tako i potrosaca, ukljucujudi i softver za
naplatu vode.

3. Evidentiranje i lociranje svih potrosaca i unosenje
u bazu evidencije potrosnje i GIS, kako potrosaca
kod kojih se meri potrosnja tako i potrosaca kod
kojih se pausalno fakturise potrosnja vode.

U skoro svim VDSs odredivanje zapremine legalne
fakturisane potrosnje vode tokom perioda vod-
nog bilansa je naj¢es¢e drugi najvedi izvor greske,
odnosno neodredenosti (odmah posle glavnih
meraca protoka). Da bi se smanjila neodredenost
ove komponente neophodno je uspostaviti pouz-
danu bazu podataka potrosaca i naplate, ili ana-
lizirati, i po potrebi popraviti postoje¢u bazu, $to
ukljucuje i evidentiranje svih potrosaca na terenu

V, - total invoiced legal water consumption (m?3) and

AC

AV, -95%CL, V.
and AV, - 95% CL vV

— illegal water consumption (m?)
e - Water volume due to errors
on water meters (m?) and AV, - 95% CL, L - length
of main pipes (km) and AL_-95% CL,N_ - ~ number
of connections (-) and AN o~ 95% CL, L ., — lenght
of connecting pipes (km) ‘and AL - 95% CL, P..-

average operating pressure in the WDS (m) and AP,
-95% CL.

2.2 Methodology for the uncertainty
reduction of the water balance
components and ILI

In the initial step, are analyzed the existing surfaces
and the available information on WDS, about the
facilities and consumers and their water consumpti-
on, existing databases, measurements, etc. Based on
existing data are calculated the water balance com-
ponents and PI resulting from it, as well as the un-
certainty of the input data and its propagation. After
the analysis it is necessary to carry out the following
activities:

1. Installation of high reliability flow meters at all

sources of WDS and their calibration. In some ca-
ses a possible replacement with greater accuracy
gauges is needed.
Since the input water volume has the highest
value of all components of the water balance, it
is of utmost importance that the accuracy of the
main flow meter is high, and that uncertainty of
this volume is as small as possible (e.g. less than +
2%, with confidence interval of 95 %). Due to the
propagation of uncertainty, the greater value has
a negative impact on the reliability of further cal-
culations. Installing the probe (uncertainty is aro-
und +/- 5% to 10%) is acceptable for occasional
measurements, but it is unsatisfactory as a long-
term solution. This is especially important if there
is only one source of supply. With large number
of sources total uncertainty of the water volume
is reduced, as can be seen in figure 1 (the assump-
tion is that all flow-meters register similar water
volume). In larger systems with a single-source,
installation of the two meters in series should
be viewed as a strategy to reduce uncertainty in
the calculation of water balance [5]. If there are
several flow-meters and each register different
water volume and have different uncertainty, pri-
ority should be to check first those that have the
highest product value of registered volume and
% of uncertainty.

2. Database and GIS design for WDS facilities and
consumers, including software for the water invo-
icing.

3. Recording and locating of all consumers and entry
of consumption and GIS in the records.

In almost all WDS determination of the volume
of legal billed water consumption during periods
of water balance is usually the second largest
source of error or uncertainty (immediately after
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7%

the main flow meter). In order

6% ¢

5% -

4% o

dotekle u VDS (%)
w
=

2% 4

Ukupna neodredenost zapremine vode

1% 1

0%

to reduce the uncertainty of
the components it is necessary
to establish a reliable customer
and billing database, or analyze,
and if necessary, repair the exi-
sting database, which includes
records of all customers in the
field and entering the data into
a GIS. During the field work it
is possible to detect the illegal
consumers, faulty water meters
| |land water meter tampering.

4. Meter reading over a period
of at least one year and enter in-
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Broj meraca protoka

8 o 0 to the database, the analysis of
the consumption of all categori-
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Slika 1: Neodredenost zapremine vode dotekle u VDS [5]
Figure 1: Uncertainty of the input water volume of the WDS [5]

(i kod kojih se meri potrodnja preko vodomera i
kod kojih se pausalno fakturise) i uno3enje poda-
taka u bazu i GIS. Tokom terenskog rada moguce
je otkriti i nelegalne potrosace, neispravne vodo-
mere i neovlas¢eno podedavanje vodomera.

. Ocitavanje vodomera tokom perioda od najmanje
godinu dana i unosenje u bazu, analiza potrosnje
svih kategorija potrosaca.

U ovoj fazi radova pozeljno je izvrsiti procenu
tacnosti razli¢itih kategorija vodomera kod po-
trosaca koja se vrsi na statistickom uzorku vodo-
mera. Neregistrovanje malih protoka predstavlja
treci najvedi izvor greske, i u razvijenim zemljama
u VDS-u kojim se dobro upravlja preporucuje se
standardna vrednost od +/-2% od stvarne zapre-
mine koja je prosla kroz vodomer (ne 2% regi-
strovane zapremine) za ove prividne gubitke [5].
Nakon toga analizira se vodni bilans i procenjue
vrednost PI.

. Detekcija i evidentiranje svih objekata VDS-a
(precnik, duzina i vrsta cevnog materijala, duZina
priklju¢nih cevi) i unosenje u GIS. Preracunavaju se
Pl koji zavise od ovih fizi¢kih veli¢ina.

Proracun indeksa ILI zahteva i pouzdano pozna-
vanje podataka o objektima VDS. Uporedo sa
smanjenjem neodredenosti komponenti vodnog
bilansa neophodno je i izvrsiti detekciju svih ce-
vi VDS i uneti ih u GIS, ne samo zbog prorac¢una
ILI ve¢ i za potrebe izrade matemati¢kog modela
i njegove kalibracije. Ovo je narocito vazno, ob-
zirom da indeks ILI, izmedu ostalog, zavisi i od
UARL, a ovaj zavisi od duZine cevovoda, broja pri-
klju¢aka i prose¢nog pritiska u VDS.

. Formiranje matematickog modela u softverskom
paketu za modeliranje rada VDS, koji po mogu¢-
stvu ima vezu sa bazama potrosaca i GIS-om. U
matematicki model unosi se ¢vorna potrosnja vo-
de svih kategorija potro3aca na nivou srednje go-
diSnje potro3nje. Na osnovu formiranog matema-
tickog modela VDS-a odreduju se merna mesta
protoka i pritiska za potrebe kalibracije modela.

At this stage, it is preferred that
the works to assess the accu-
racy of the various categories of
water meters, which is carried out on the statisti-
cal water meter sample. Non-registration of low
flows is the third largest source of errors and de-
veloped countries with well-managed WDS ha-
ve recommended default value of +/- 2% of the
actual volume that has passed through the meter
(not 2% of the registered volume) for this appa-
rent loss [5]. After that, the water balance and the
value of Pl are being analyzed.

. Detection and identification of all WDS facilities

(diameter, length and type of pipe material, len-
gth of connecting pipe) and their input into GIS.
Pls which depend on these physical quantities are
then calculated.

Calculation of the ILI index requires reliable
knowledge of data about WDS structures. Along
with the reduction of uncertainty components
of the water balance it is necessary to carry out
the detection of all WDS pipes and enter them
into the GIS, not only because of ILI calculation,
but for the purposes of making a mathematical
model and its calibration. This is particularly im-
portant, given that ILI index, among other things,
depends on UARL, and this depends on the len-
gth of the pipeline, the number of connections
and the average pressure in the WDS.

. Formation of a mathematical model in the softwa-

re package for WDS modeling, which preferably
has a connection with the consumer bases and
GIS. In the mathematical model is entered the
node water consumption of all categories of con-
sumers at the level of average annual consump-
tion. On the basis of a WDS mathematical model
are determined flow and pressure measurement
points for the calibration of the model. Measuring
points are formed, measurements are carried out
and mathematical model is being calibrated. Ope-
ration of the WDS is being analyzed followed by PI
values recalculation.

During these calculations is performed propaga-
tion of uncertainty of input data and calculation
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Formiraju se merna mesta, vrSe se merenja i ka-
librise matematicki model. Analizira se rad VDS i
preracunavaju vrednosti PI.

7. Tokom ovih proracuna vrsi se i propagacija neo-
dredenosti ulaznih podataka, odnosno izracunava
se neodredenost konac¢nih rezultata, kako kom-
ponenti vodnog bilansa, tako i PI.

Na narednoj slici 2 Sematski je prikazan uticaj pojedi-
nih faza na smanjenje |,

neodredenosti kompo-
nenti vodnog bilansa i
Pl. Treba napomenuti
da se navedenim aktiv-
nostima samo pobolj-
Sava pouzdanost Pl, a
ne i njihova vrednost.
Za poboljsanje Pl pri-
menjuju se druge me-

of the uncertainty of the final results, for compo-
nents of the water balance and PI.

Following figure 2 schematically shows the influen-
ce of certain phases on the reduction of uncertainty
components of the water balance and PI. It should be
noted that these activities can only improve the re-
liability of PI, but not their value. For Pl improvement
are applied other measures.

re. 0

3. PRIMER VDS POZAREVAC

3.1 Opis VDS Pozarevca

VDS PozZarevca (centralna Srbija) snabdeva vodom
oko 50.000 stanovnika, industriju na teritoriji grada
i ustanove. Krajem 2008. godine zapocet je sveobu-
hvatni projekat rekonstrukcije i poboljsanja efikasno-
sti vodovoda grada Pozarevac. Projekat se sastojao
od rekosnstrukcije i izgradnje novih cevovoda i reze-
rovara, a posebna komponenta projekta je bila im-
plementacija porgrama povecanja efikasnosti vodo-
voda, ukljucujuci i smanjenje gubitaka vode. Celoku-
pan projekat je implementiran u periodu 2008-2013
[9], a finansiran je od strane lokalne samouprave i EU
fondova za podrsku razvoja lokane infrastrukture u
Srbiji.

VDS Pozarevca je podeljen u 3 visinske zone: | zona
<100mnm, 1oomnm< Il zona <1somnm i 1somnm«l|
zona< 200mnm, a najveci broj potrosaca je u | visin-
skoj zoni. Voda se obezbeduje crpenjem podzemne
vode iz okolnog izvorsta Klju¢. Voda iz bunara dovodi
se do rezervoara Kljuc (V=2x2500 m3), a zatim PS Kljuc
potiskuje vodu prema gradu i rezervoaru | zone - Tul-
ba. Potis pumpi povezan je na potisno-distributivni
cevovod @600 na kome je, u toku projekta, zamenjen
stari i ugraden novi elektromagnetni merac proto-
ka. 1z rezervoara | zone pumpnom stanicom voda se
potiskuje cevovodom prec¢nika @250 ka rezervoaru
Il visinske zone - Cacalica. U okviru rezervora Il zone
smesteno je hidroforsko postrojenje za plasman vo-
de u trecu visinsku zonu. Na slici 3 prikazana je Sema
VDS Pozarevca.

Na pocetku projekta (kraj 2008. godine), na osnovu
podataka kojima je raspolagao JKP “Vodovod” Po-
Zarevac, ukupan dotok vode u VDS u 2008. godini
iznosio je oko 6.540.000 m*/god (prose¢no 207 I/s).

Time
(manthY
Slika 2. Promena neodredenosti indeksa ILI nakon spro-
vodenja aktivnosti 1-6
Figure 2 Change of uncertainty ILI index after the imple-
mentation of activities 1-6

3. EXAMPLE OF WDS POZAREVAC

3.1 Description of WDS PozZarevac

WDS Pozarevac (central Serbia) supplies water to
about 50,000 residents, industries in the city and the
institutions. In late 2008, was initiated a comprehen-
sive project for the reconstruction and improvement
of the efficiency of the water supply system of the
city of Pozarevac. Project consisted of the renovati-
on and construction of new pipelines and reservoirs,
and a separate component of the project was the im-
plementation of the program to increase the effici-
ency of water supply, including the reduction of wa-
ter losses. The entire project was implemented in the
period 2008-2013 [9], and is funded by the local go-
vernment and EU funds to support the development
of municipal infrastructure in Serbia.

WDS Pozarevac is divided into three altitude zones:
Zone | <1oomnm, 10omnm <Zone Il <1isomnm and
150mnm <Zone Ill <20o0mnm, with a majority of the
consumers in the l-altitude zone. Water is provided
by extraction of groundwater from the surrounding
spring Kljuc. Water from the wells is transfered to the
reservoir Kljuc (V = 2x2500 m3), and then PS Kljuc de-
livers water to the city and the reservoir of the zone
| - Tulba. Output of the pumps is connected to the
output-distribution pipeline @600 where, in the
course of the project, was replaced the old and the
new electromagnetic flow meter was built-in. From
the Zone | reservoir water is suppressed by pipeline
to the @250 diameter reservoir in the Il altitude zone
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Slika 3. VDS Pozarevca
Figure 3 WDS Pozarevac

Ukupna fakturisana potrosnja vode iznosila je oko
3.930.000 m*/god (124,6 I/s), a stanovnistvo (individu-
alne kuce i stambene zgrade) je ucestvovalo sa 64,3
% (individualne kuce 46,9 %, a stambene zgrade 17,4
%). Prosecan broj mese¢nih racuna (faktura) iste go-
dine iznosio je oko 12.400, od toga 10 % za privredu a

Cacalica

- Cacalica. Within the reservoir zone Il is placed
the water pump for the placement of the wa-
ter in the third altitude zone. Figure 3 shows a
schematic of the WDS Pozarevac.

At the beginning of the project (end of 2008),
based on data that were available to the PUC
“WaterWorks” Pozarevac, the total water supply
to the WDS in 2008 was about 6.54 million m3/
year (an average of 207 I/s). Total billed water
consumption was about 3.93 million m?/year
(124.6 1/s) and population (individual houses
and apartment buildings) accounted for 64.3%
(46.9% in individual houses and apartment bu-
ildings 17,4 %). Average number of monthly bills
(invoices) in the same year was about 12.400, of
which 10% of the economy and 90% of the po-
pulation (45% of individual houses and 45% of
the building). Data on illegal consumers were
at the level of rough estimates.

Data on total length of pipelines have been

unreliable; Master Plan shown about 100 km

of distribution pipelines, and internal data in

water supply companies were extremely unre-

liable. According to available information, the
most common pipe materials are asbestos cement
(53.5%) and plastics (35.0%).

3.2 Obtained results

Tabela 1. Procenjene vrednosti kompinenti vodnog bilansa i ILI na pocetku projek- Data available at the

ta (2008.god.)

Table 1 Estimated values of the components of the water balance and ILI at the
beginning of the project (2008).

beginning of the pro-
ject (data annually for
2008), was the basis

for calculating com-

Najbolje

procenjena ponents of the water
. dnost 95% CL balance and the ILI

Ulazni podatak / Input data vre . -
P P Best =) index, as well as their
es";'l‘a:ed uncertainty (Table 1).

valu ;
Results are shown in
ek ooy Vo e e owarfon iso sao%  accordance with stan
inpi ard IWA terminology.

Fakturisana izmerena legalna potrosnja vode (m3/god) / Billed 1078 +20% 9y
measured legal water consumption (m*/year) -V, . .. 3.741.97 =0 Unavoidable annual re-
Fakturisana neizmerena legalna potrosnja vode (m?*/god) / Billed al losses of water UARL
unmetered legal water consumption (m*/year) -V, .- (5% V,,,. ) 196.454 £50% amount to 231.100 m3/
Nefakturisana legalna potrosnja vode (m#/god) / Legal unbilled 187.099 +80% year and theil: uncer-

water consumption (m#/year)-V,, - (5% YV, , ) ’ - . .

inpi tainty is 29.6%. Results
Ukupna fakturisana legalna potrosnja vode (m#/god) / Total 0.0 raunase =* are ())If riat uncerta-
invoiced legal water consumption (m*/year)- V, 3.920.075 14 % inty andgnot usable for
Nelegalna potrosnja\(;?/(:/e;;rgj‘/\?ocf)éol/ilc_\e/gaI)water consumption 130789 +80% rendering of proper
uc inp,i tei_

Zapremina vode usled greski na vodomerima (m3/god) / Volume of 108 + 509 management  decisi

water due to errors on water meters (m#/year) -V, - (10 % Vawaci 37419 =307 ons.
DuZina glavnih cevi (km) / Length of the main pipeline (km)- L _ 140 +30% After activity 2 (insta-
Broj priklju¢aka / Number of connections (-)-N_ - 11.000 t30% llation of a high relia-
Duzina priklju¢nih cevi (km) / Length of connecting pipes (km) - 10 +50% biIity flow meter at the
source), NRW uncerta-
Prosecan pritisak u VDS (m) / Average pressure in the WDS (m) - P 45 +20% ;

inty was reduced from
Non Revenue Water (m*/god) / (m*/year) 2,610,365 +54,4% 54% to 22% and the ILI

ILI

7.7 +87,0%
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Tabela 2. Procenjene kompinente vodnog bilansa i ILI nakon sprovodenja aktivnosti1,2,3i 4
Table 2 Estimated components of the water balance and ILI after the implementation of activities 1,2, 3 and 4

Najbolje
procenjena
. vrednost / 95% CL
Ulazni podatak / Input data Best (*)
estimated
value
Dotok vode sa izvorista u VDS (m3/god) / Inflow of water from springs in the WDS (m3/year)- 6.690.000 +2%
inp,i
Fakturisana izmerena legalna potrosnja vode (m?*/god) / Billed measured legal water 3351314 +2%
consumption (m#/year)-V,, .
Fakturisana neizmerena legalna potrosnja vode (m3/god) / Billed unmetered legal water o
- 167.566 +20%
consumption (m*/year) -V, . .- (5% od V. )
Nefakturisana legalna potro3nja vode (m?/god) / Legal unbilled water consumption (m*/year)- 66.900 +80%
VUAC -(1%od vinp,r')
Ukupna fakturisana legalna potro3nja vode (m3*/god) / Total invoiced legal water consumption 18.8 racuna se
(me/year) -V, 3.518.879 +1,6 %
Nelegalna potro$nja vode (m*/god) / lllegal water consumption (m#/year) - V- (0.1% od V,-np,,-) 6.690 +80 %
Zapremina vode usled greski na vodomerima (m3/god) / Volume of water due to errors on 12 + 0%
water meters (m*/year) - V.- (10 % od V. ) 33513 F07
Duzina glavnih cevi (km) / Length of connecting pipes (km) -L_ 140 +30%
Broj priklju¢aka / Number of connections (-) - N 13.190 +2%
Duzina priklju¢nih cevi (km) / Length of connecting pipes (km)-L_ 110 +50%
Prosecan pritisak u VDS (m) / Average pressure in the WDS (m) -P_ 45 +20%
Non Revenue Water (m*/god) / (m*/year) 3,171,120 +4,6%
ILI 12.0 +30,5%

90 % za stanovnistvo (45 % individualne kuce i 45 % indicator from 87% to 49%.

stambene zgrade). Podaci o nelegalnim potrosacima
bili su na nivou grubih procena. After that, activities 3 and 4 were carried out and the

following results were obtained, shown in table 2.
Podaci o ukupnoj duzini cevovoda su bili nepouzda-
After completion of Activity 5, the following results
Tabela 3. Procenjene kompinente vodnog bilansa i ILI nakon sprovodenja aktivnosti1,2,3,4i5
Table 3 Estimated components of the water balance and ILI after the implementation of activities 1, 2, 3, 4

and 5
Najbolje
procenjena
. vrednost / 95% CL
Ulazni podatak / Input data Best ()
estimated
value
- = N — N :
Dotok vode sa izvoriSta u VDS (m*/god) / Inflow of water from springs in the WDS (m3/year) 6.690.000 +2%
inp,i
Fakturisana izmerena legalna potrosnja vode (m3/god) / Billed measured legal water 121 +20
consumption (m?/year)- V.. 3351314 =27
Fakturisana neizmerena legalna potrosnja vode (m3/god) / Billed unmetered legal water 167.566 +20 %
consumption (m?/year) -V, .- (5%o0dV, ) 7> - 0
Nefakturisana legalna potrosnja vode (m?/god) / Legal unbilled water consumption (m3/ 66.000 + 80 %
year)-V,, .- (1% od Vip 9 - ?
Ukupna fakturisana legalna potrosnja vode (m3/god) / Total invoiced legal water 18.8 racuna se
consumption (m#/year) -V, _ 3.519.879 +1,6%
Nelegalna potro3nja vode (m?*/god) / lllegal water consumption (m*/year) - V.- (01% od Vip 6.690 +80%
Zapremina vode usled greski na vodomerima (m3/god) / Volume of water due to errors on 121 + 50 %
water meters (m*/year) -V, .- (1l0%od V) 33513 +507%
Duzina glavnih cevi (km) / Length of connecting pipes (km) -L 175 +1%
Broj priklju¢aka / Number of connections (-)-N_ 13.190 +2%
Dutzina priklju¢nih cevi (km) / Length of connecting pipes (km)-L_ 131,9 +10 %
Prosecan pritisak u VDS (m) / Average pressure in the WDS (m) -P_ 45 +20%
Non Revenue Water (m3/god) / (m?/year) 3,171,120 +4,6%

ILI 9.9 +21.4%
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ni: u Master planu Pozarev-
ca prikazano je oko 100 km
distributivnih cevovoda, a
interni podaci u vodovod-
skom preduzecu bili su kraj-

jekta

of the project

Tabela 4. Procena vrednosti kompionenti vodnog bilansa i ILI na kraju pro-

Table 4 Valuation of the components of the water balance and ILI at the end

nje nepouzdanii. Prema tada Najbolje
raspolozivim informacijama ':,r;c;: (’,::' 7 95%
najzastupljeniji cevni materi- Ulazni podatak / Input data Best CL
jali su azbest cement (53,5%) estimated ()
i plastika (35,0%). value
Dotok vode sa izvorista u VDS (m3/god) / Inflow of o
3.2 Dobijeni rezultati water from springs in the WDS (m?/year)- Vi 6.690.000 £2%
: J Fakturisana izmerena legalna potro3nja vode (m3/god)
/ Billed measured legal water consumption (m3/year)- 3.351.314 +2%
Na osnovu raspolozivih po- Vaunc.
dataka na pocetku projekta Fakturisana neizmerena legalna potro3nja vode (m3/ ;
. v . . i i 3
(podaci na godi$njem nivou god) / Billed unm)et?/red Ieggal())/va;e‘r/cons)umptlon (m3/ 167.566 +20%
za 2008. godinu) izratunate Ve Vaune, =15 70 08 Vauc,,
. efakturisana legalna potrosnja vode (m?/go ega
su komponente vodnog bi Nefakt legalna pot de (m*/god) / Legal
L e unbilled water consumption (m3/year)-V, - (1% od 66.900 +80 %
lansa i indeksa ILI, kao i nji- uac
hova neodredeno,st (tabela )

R Itati ik . Ukupna fakturisana legalna potro3nja vode (m3*/god) / 18.8 racuna se
1)|;| dezu tati Slé p(;l azaT\I/VX Total invoiced legal water consumption (m*/year) - V, 3518.879 +1,6 %
SKia 'u Sla SF,an ardnom Nelegalna potrosnja vode (m3/god) / lllegal water 6.600 +80 %
terminologijom. consumption (m#/year) - V.- (01%od V, ) 09 =0
Neizbesni diznii st . Zapremina vode usled greski na vodomerima (m3/god)

eII:)Z' gznl dgo UI;SArI]%J;_ S varni / Volume of water due to errors on water meters (m3/ 335.131 +50%
gubici v?/ ed L iznose yean) -V, -(10%od V,,,,. )
231100 m*/god, a nji Ova_.ne'_ Duzina glavnih cevi (km) / Length of connecting pipes o
odredenost 29,6%. Dobijeni km) - L 175 1%
rezultati imaju veliku neo- Broj priklju¢aka / Number of connections (-) - N 13.190 +2%
dredenOVSt" nisu upptreb|JIVI Duzina priklju¢nih cevi (km) / Length of connecting . +10%
za ggnosnje ispravnih uprav- pipes (km)-L_ 319 £10%
ljackih odluka. Prosecan pritisak u VDS (m) / Average pressure in the 425 5%

. WDS (m) -P_ ’ -
L\i?kzo?u Sf;g\r/]?:?rr\\:r:é(:vr:g_ Non Revenue Water (m*/god) / (m*/year) 3,171,120 +4,6 %
g ) b ILI 10.5 +91%

toka velike pouzdanosti na
izvoristu), smanjena je neo-
dredenost NRW sa 54% na
22% i indikatora ILI sa 87% na 49%.

Nakon toga sprovedene su aktivnosti 3 i 4 i dobijeni
su slededi rezultati, prikazani u tabeli 2.

Nakon zavretka aktivnosti 5, dobijeni su slededi re-
zultati, prikazani u tabeli 3.

Nakon sprovedenih svih aktivnosti od 1 do 6, navede-
nih u delu 2.2, izracunate su konac¢ne vrednosti kom-
ponenti vodnog bilansa VDS Pozarevca i indeksa ILI,
kao i njihova neodredenost, i prikazane u tabeli 4.

Procenjena vrednost UARL iznosi 263.700 m*/god, a
njegova neodredenost 5,5%. Dobijeni rezultati uka-
zuju na znatno vecu pouzdanost izra¢unatih kompo-
nenti vodnog bilansa i indeksa ILI.

Kao rezultat svih pomenutih aktivnosti, detektovano
je da ukupna duzina vodovodne mreZze iznosi oko 175
km. Cevni materijali su plastika (PE10o, PE8o i PVC)
ukupne duzine oko 99 km (56,4 %) i azbest cement
ukupne duzine 55,5 km (31,7 %). Cevi pre¢nika manjeg
od 100 mm su ukupne duzine 112,8 km (64,5 %).

were obtained, shown in Table 3.

After carrying out all activities from 1 to 6, listed in
section 2.2, calculation was done for the final value
of components of the WDS Pozarevac water balance
and ILI index, as well as their uncertainty, shown in
Table 4.

Estimated UARL value is 263.700 m?/year and its un-
certainty 5.5%. Results indicate a significantly higher
reliability of the calculated components of the water
balance and the ILI index.

As aresult of all the above mentioned activities, it was
detected that the total length of the water supply
network is about 175 km. Pipe materials were plastic
(PE100, PE80 and PVC) with a total length of about 99
km (56.4%) and asbestos cement with the total len-
gth of 55.5 km (31.7%). Pipes of diameter smaller than
100 mm are in total length of 112.8 km (64.5%).

Also, significantly increased is the average number of
monthly bills (invoices) and is approximately 17.730, of
which 10% of the economy and 90% of the popula-
tion (54% of individual houses and 36% of the buil-
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Takode, znacajno je povecan prosecan broj mesecnih
ra¢una (faktura) i iznosi oko 17.730, od toga 10 % za
privredu a 90 % za stanovnistvo (54 % individualne
kuce i 36 % stambene zgrade).

Prosecan pritisak u VDS dobijen je na osnovu kalibri-
sanog matemati¢ckog modela.

Treba napomenuti da nije izvrSena procena tacnosti
razli¢itih kategorija vodomera kod potro3aca na sta-
tistickom uzorku vodomera, ali je prilikom zamene
dotrajalih vodomera novim, vece tacnosti, primece-
no da je fakturisana koli¢ina vode veca i do 20% u od-
nosu na ranije fakturisane kolicine.

4. DISKUSIJA REZULTATA

Iz priloZenih rezultata moze se videti da je na pocet-
ku realizacije projekta, neodredenost ulaznih veli¢ina
bila izuzetno velika, sto je uticalo na neodredenost
komponenti vodnog bilansa i indeksa ILI. Najvedi
izvor greSke, odnosno neodredenosti, bilo je merenje
dotoka vode u sistem. Ugradnja novog meraca proto-
ka, vece pouzdanosti, znacajno je uticala i na smanje-
nje neodredenosti rezultata. Povecanje pouzdanosti
merenja dotoka vode je bila prioritetna, obzirom da
se VDS PoZarevca snabdeva samo iz jednog izvorista.
Njegovom ugradnjom smanjila se neodredenost za-
premine koja ne donosi prihode sa 54% na 22% i indi-
katora ILI sa 87% na 49%.

Nakon povecanja pouzdanosti meraca protoka vode
sprovedene su aktivnosti vezane za smanjenje neo-
dredenosti potrosnje vode u VDS, pa se neodrede-
nost NRW smanjila na +4.6 %, ali neodredenost in-
deksa ILI je jos uvek velika, i iznosi +30.5 %.

Nakon smanjenja neodredenosti i fizickih veli¢ina
VDS, neodredenost NRW ostaje ista, a neodredenost
indeksa ILI se smanjuje na 21.4 %.

Tek nakon kalibracije matemati¢kog modela, smanju-
je se i neodredenost prose¢nog pritiska u VDS, pa i
indeks ILI ima prihvatljivu neodredenost od £9%.

Iz dobijenih rezultata, nakon sprovodenja svih aktiv-
nosti od 1 do 7, moze se zakljuciti da je lociranje svih
potrodaca i njihovo unosenje u bazu i GIS znacajno
uticalo na smanjenje neodredenosti. Formiranjem
nove baze znacajno se povecao broj mesecnih fak-
tura (skoro za 50%) i broj registrovanih vodomera
(za oko 20%). Medutim, zapremina vode koja donosi
prihod je smanjena za oko 10%. Razlog za smanjenje
zapremine vode koja donosi prihod leze u eksternim
faktorima na koje projekt nije mogao da utice: pove-
¢anje cene vode i ekonomska kriza koja je zapocela
krajem 2008. godine, $to je uticalo na znacajno sma-
njenje zapremine vode koja donosi prihod kod pri-
vrednih korisnika (za oko 22%).

Evidentiranje svih objekata VDS znacajno je dopri-
nelo povecanju pouzdanosti podatka o duZini cevi.

ding).

Average pressure obtained in the WDS is calibrated
on the basis of the mathematical model.

It should be noted that there was no assessment of
the accuracy of various categories of consumer’s wa-
ter meters on the statistical water meter sample, but
during the replacement of worn-out water meters
with new, with higher accuracy, it is observed that
the billed amount is greater by 20% compared to the
previously billed amount.

4. DISCUSSION OF RESULTS

From the above results, it can be seen that at the be-
ginning of the project, the uncertainty of input was
extremely high, which contributed to the uncertainty
of the components of the water balance and the ILI
index. The largest source of error or uncertainty was
the measuring of the water flow into the system. In-
stallation of new flow meters, with higher reliability,
significantly affected the reduction of uncertainty of
results. Increase of the reliability of the water flow
measurement was a priority, given that the WDS Po-
zarevac is supplied from one source. Its installation
has decreased the volume uncertainty which brings
revenue from 54% to 22% and ILI indicator from 87%
to 49%.

After increasing the reliability of the flow meter have
been carried out activities related to the reduction of
uncertainty in water consumption in the WDS, and
NRW uncertainty is reduced to + 4.6%, but the ILI in-
dex uncertainty is still high, and is + 30.5%.

After the reduction of uncertainty and the physical
size of the WDS, the uncertainty of NRW remains
the same and the ILI index uncertainty decreases to
21.4%.

Calibration of the mathematical model reduces the
uncertainty of the average pressure in the WDS and
the ILl index has an acceptable uncertainty of + 9%.

From the obtained results, after the implementation
of all activities from 1 to 7, it can be concluded that
the location of the consumer and its incorporation
into a GIS has a significant impact on the reduction
of uncertainty. Establishing a new base significantly
increased the number of monthly invoices (almost
50%) and the number of registered water meters
(@about 20%). However, the volume of water that brin-
gs revenue was reduced by approximately 10%. The
reason for reducing the volume of water that brings
revenue lie in external factors that the project could
not affect: increasing water prices and the economic
crisis that began in late 2008, which resulted in a si-
gnificant reduction in the volume of water that ge-
nerates income for commercial users (for about 22%).

Recording all WDS objects has contributed signifi-
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Iz rezultata moze se zakljuciti da zaposleni nisu imali
pouzdane informacije o duzini cevi pre¢nika manjeg
od 100 mm. Takode, znacajno se promenila i zastu-
plijenost cevnog materijala.

Obzirom da nije izvrSena procena tacnosti razli¢itih
kategorija vodomera kod potrosaca na statistickom
uzorku vodomera, i dalje je ostala velika neodrede-
nost prividnih gubitaka vode. U narednom periodu
treba sprovesti aktivnosti kojim bi se povecala njiho-
va pouzdanost, i potom preduzele akcije za njihovo
smanjenje.

Kalibracija matematickog modela je uspesno spro-
vedena, $to je omogudilo i pouzdano odredivanje
prosec¢nog pritiska u VDS. Ovo je od narocite vaznosti
obzirom da je vrednost UARL direktno proporcional-
na pritisku. Na ovaj na¢in smanjena je i neodredenost
indeksa ILI.

Nakon sprovedenih aktivnosti procenjena vrednost
indikatora ILI se povecala sa 7.7 na 10.5, ali se njegova
neodredenost znacajno smanjila sa 88% na 9%. Na
narednoj slici 4 dat je prikaz uticaja sprovedenih ak-
tivnosti na promene vrednosti ILI i njegove neodre-
denosti.

5. ZAKLJUCAK

U velikom broju vodovodnih sistema, narocito u ze-
mljama u razvoju, podaci o elementima sistema, me-
renja protoka i potrosnje vode imaju veliku neodre-
denost. Ova neodredenost se u daljim prora¢unima
propagira na izracunate vrednosti Pl. Postoje razlicite
metode za analizu neodredenosti, ali ne postoji me-
todologija koja moze dati tacne razultate na osnovu
netacnih ulaznih podataka.

Podaci velike neodredenosti mogu da navedu na
pogredne zaklju¢ke i samim tim dovedu do pogres-
nih upravljackih odluka. Njihovom kvanitifikacijom
omogucava se vodovodnom preduze¢u da odredi
prioritete gde treba koncentrisati aktivnosti kontrole

cantly to increasing the reliability of the data on the
length of the pipe. From the results it can be conclu-
ded that the employee did not have reliable infor-
mation on the length of pipe with a diameter of less
than 100 mm. Also, significantly was changed the re-
presentation of pipe material.

Given that there was no assessment of the accuracy
of various categories of consumer’s water meters on
the statistical sample, it still remains a large uncerta-
inty of the apparent water losses. In the future there
should be activities that would increase their reliabi-
lity, and then take action to reduce them.

Calibration of the mathematical model has been
successfully implemented, which allowed the reliable
determination of the average pressure in the WDS.
This is of particularimportance since it is directly pro-
portional to the value of UARL pressure. In this way,
the uncertainty of ILI index is reduced.

After conducted activities estimated value of the ILI
indicator increased from 7.7 to 10.5, but its uncerta-
inty was significantly reduced from 88% to 9%. In the
following, Figure 4 gives an overview of the impact
of activities conducted on the change in value ILI and
its uncertainty.

5. CONCLUSION

In many water supply systems, especially in develo-
ping countries, data on the elements of the system,
measurements of flow and water consumption have
great uncertainty. This uncertainty in the further cal-
culations is propagated to the calculated value of PI.
There are different methods for the analysis of uncer-
tainty, but there is no methodology that can provide
accurate results on the basis of incorrect input data.

Large data uncertainty may lead to wrong conclusi-
ons and thus lead to incorrect management decisi-
ons. Their quantification enables Water Company to
prioritize where to focus the activities of data quality
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kvaliteta podataka.

Na primeru VDS Pozarevca prikazano je kako se spro-
vodenjem aktivnosti od 1 do 7, navedenih u delu 2.2,
moze smanijiti neodredenost prora¢una komponenti
vodnog bilansa i Pl. Samo na osnovu takvih Pl mogu
da se donese racionalne upravljacke odluke.
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