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Peznume - Y 080om pady ce cymupajy uckyciuea
cide4ena suwezoOuWUM 0asberwem ayiiopa Ha
OUjazZHOCIIUYKUM MeperbuUMa U aHAAU3AMa Ha
suue 80006800HUX Juclupudyiuuenux cuciuema. y
pady ce nazpawasa uouwipedba 3a 060M 8pPCUIOM
Mepera, Kao u 3a 00a8e3HOM AHAAUIOM
WAYHOCIUU HA CB8AKOM KOpAKy 00a68/beHux
Mmepewa. Kpo3 nu3 upumepa u3 upakce, ykasyje
ce Ha pazauduide 8pcile  OUjAIHOCUWUYKUX
Meperwa: 3a uoiupebe Kaaubpayuje
Maldemaiaudkux Mmoodeaa, paou oopehusarwa
uapameiuapa uojeduHux Oeilamna cuciiema,
OUHAMUYKO UOHAWAWe CUpeIHyulozZ cuciuema
1e80800-pe3epaoap,  AHAAU3A  XABAPUJCKUX
culuyayuja, Kao u mepewa paou yuiephusara
youmuaxa na cuciuemy. Ilope0 nauuna
opzanusayuje o06ux meperwa U uUpeuopyieHe
oiipeme ca kojom Ou Booosoonu Cuciuem
uipebano oa pacioaaiyce, y pady ce aHaIu3upa u
€KOHOMCKA OUpPAB8OAHOCId 4eCilo CKyuux u
KOMUAUKOBAHUX OUJAZHOCUIUYKUX Mepetba.

1. YBO/J]

BopgoBopHm cuctemm, Kao W MHOTH JIpyrd
TEeXHUYKHN CUCTEMH, IIposiaze Kpo3 a3y yop3aHor
TeXHHYKOT U  TEXHOJOWIKOr  pasBoja. Of
KJIaCMYHUX OpraHu3anyja 4uju je 3agaTak Ouo fa
0e3 003upa Ha IieHy U KBaJIMTET yclyra UCIOpy4u
BOJly Ka HOTpOIIAauNMa, TPAHC(OPMHUIIY ce 'y
npenyseha BuCOKe TEXHOJOTHje U MH(OpPMaTUKE,
Ije je jemaH o [OMHHAHTHHUX KpUTepujyMa Hu
ocrBapenu npodut (Ob6pamosuh, 1999). ¥ takBuM
yCIOBUMA, CWiéapHu TIOflalll O IPOU3BEACHO] U
AUCTpUOYHpaAHO] BOAU, KAaO M Ia4Hu MNOAAlU O
KBaJUTETy BOJE IOCTAajy MMIEPATHB, jep ce Ha
OCHOBY HUX JJOHOCE OJJIYKE O YUpae.bawy paoom
CUCTeMa Kao U OyeHe eKOHOMCKe UCUAAIUUBOCIUU.
IIpo6neM roToBO CBUX BOJOBOJHHMX CHCTEMa Ha
noapyyjy OuBmie Jyrocinasuje je  HOTHYHO
00cycuieo Kyaiuype meperpa. JlaHac NPaKTUIHO
HHU jefaH BOJOBOJHHU CHCTEM HEMa KBaJUTETHE
NOAaTKE O YKYIIHOM OHIIaHCY, a [la CE He IIOMUIbE

Abstract — The authors long experience in diagnostic
measurements on the number of Water Supply Systems
are summarized in this paper. The need for this kind of
measurement is emphasized, same as the need for
thorough and compulsory data accuracy assessment
for each work step. Using a number of examples from
practice, a different kind of diagnostic measurements
are shown: for numerical simulation model
calibration, properties determination for certain
system details like pumps, valves etc, dynamic
behavior of a pipe-reservoir system, analysis of a
system during pipe brakes, same as measurement for
leakage detection. Besides the measurement
management and suggested set of equipment that
Water Supply Company should have, the paper will
analyze the economical issues regarding the expensive
and demanding diagnostic measurements.

1. INTRODUCTION

Water Supply Systems, as well as many other
technical systems, are passing through an accelerated
technical and technological development phase. From
the obsolete organizations, whose only task was to
deliver a certain quantity of water, regardless to the
economical or quality issues, they are transforming to
high-tech Companies, where one of the most important
criteria is a realized profit (Obradovic, 1999). In such
environment, real information about produced and
delivered water, as well as accurate data regarding
water quality issues are becoming significant, mostly
because the system control is based on that
information, as well as the evaluation of economical
sustainability. The main problem of almost all Water
Supply Systems on Ex Yugoslavia area is a total lack
of measurement culture. Currently, there is no Water
Supply System with reliable data about water balance,
neither with data about the actual water supply
network state (position, diameter, pipe type, etc.) and
hydraulic quantities (pressure, flow, estimated losses).



He TOCTOjalke MojilaTaka O TPEHYTHUM CTambHiMa
AUCTPUOYTUBHE MpeKe. YBObeme KBaJUTETHOT
MOHHMTOPUHIAa Ha TakKBUM CHUCTEMHMMa je BeoMa
CKyI TOAYXBaT, KOjH YIJIIaBHOM HeMa IOAIPILIKY HU
rpajcKux (puHaHCUjepa HU YHYTap BOIOBOJA.

Y ycnoBuMa NOTIYHOT OJCYCTBA KBalIMTETHHX
uHpopManuja O  AUCTPUOYTUBHOM  CUCTEMY
BOJIOBOJIa, CBaKa JleTaJbHUja XUApayInyKa aHaIu3a
BOJIOBOJAHOI ~ CHCTeMa  3axTeBa  O0aBibambe
oujaznocuiudka meperwa. AyTopu OBOT paja cy
UMaJ TPUIUKe Ja y TOCIEeIbUX AeceTakK TOfrHa
paje Ha BHIIE OBAaKBUX IIOCIOBa, KakKO Ha
BOJIOBOIHUM TakKO W HA J[IPYTUM CIOXEHUM
cucremuMa (TE O6penoBan A u b, XE heppan -
npeBOmHUNA, UTH). Ha OCHOBY cTeUeHOT MCKYCTBa,
y OBOM pajy ayTopu YyKa3dyjy Ha mnpobieme Yy
[AMjarHOCTUYKUM MEpEmUMa, BpcTe Mepema Kao U
HaurHe BUXoBe opraHusainyje. OCHOBHU IIMJb OBOT
papa je, MebyTuM, f1a ce ykasce Ha HeoUxoOHOCIU
epafiara Kyaiuype meperwa u paoa ca davHum
uooayuma, Kao OCHO8HOZ enemeHiua obe3beherwa
00PAHCUBOCIUU CAONHCEHUX 8000800HUX CUCIeMA.

2. IMJATHOCTUKA = MEPElbA+AHAIJIN3 A

Y "xuBOTY" jeqHOT BOJOBOJHOT CHCTEMA, Y CBaKOj
on ¢aza peanusanmje ce oO6aBibajy (wim Ou
Tpebano) ompeheHa Mepema W HBHXOBa aHAIIN3a
(Makcumoruh, 1993).  [mjarHocTMKa CcHCTeMa
Tpeba fa ce o0aBba Yy pEJOBHUM pajJHUM
yCIOBUMa, padu  Oobdujarwa  KeaiuideuiHux
OJouyHCcKux Uodaidaka o0 pady TOjeTUHHX
elleMeHaTa CHCTeMa, M OHa ce KOMOWHyje ca
CTaJJHUM MepemHnMa Koja ce KOpHCTe 3a
ynpaBibame pajgoM cuctemMa. Ha  ocnoey
oujaznociiudkux  mepera obasmajy ce
xuopayau4ke anaau3e KOjuMa ce WIN pellaBa
onpebeHn akTyeiaHu npobiem (yHap NpH raiemwy
myMIle, Ha TIpUMEp) WIN Ce CIPOBOJIE CUMYJIAIHje
pajja  BojoOBOfAa Yy  IUTaHWpaHWUM  paszama
MPOILIUPEHA CUCTEMA.

Ha xanocr, nocrojeha curyanuja je TakBa ga cy
AMjarHOCTHYKA Mepewma MNPaKTUYHO jeOuHa
Meperwa W Tla ce obasmajy camo kKaoa je iuo
HeOUxoO0HO: y CIyvajy BEJIMKHUX HecTallula BOJe
(ITpopanoBuh m Makcumosnh, 1995.), wecrux
xaBapuja (Ilpomanosuh, Msetmh u IlaBimoswuh,
1994) wnm xapa ce o4eKyjy cTpaHe JOHaIyje Ma ce
Kypu ca m3pajgoM Mactep IuraHa. [lo mpasmiy,
BOJIOBOJIM TIPECTajy fa ce HWHTEpecyjy 3a naabe
npahewe paja cucrema 4MM ce OTKIJIOHE YOUYEHH
IpOOJIEMH.

[ujarHocTHKa BOJOBOJHOT CHCTEMa C€ Mopa
CIIpOBECTHU ca NIPEU3HO Oechunucanum
3axuieéuma W ca TayHO IJJAHUPAHUM KpajHbuM
OUbeM KOju Tpeba MCOYHUTH. Y 3aBHCHOCTU Off
MOCTaBJLEHOT Kpajler Lusba, BpIIM ce u3bhop
MEPHUX melloda u oupeme, Kao U HAYUHA 0Opade
pobujeHux pesyiarata. Yecto ce, MOTIYHO
HepeallHo, OYeKyje /a ce Ha OCHOBY MCIUTHBAHA
jemHOr pmeTaika Ha cucTeMy (Ha  mpEMep,

Introduction of the high-tech monitoring systems in
such cases can be very expensive adventure, which
usually neither has support from municipal authorities,
nor from the Water Supply Company.

In conditions of a complete absence of reliable
information about a water supply system, the
diagnostic measurements are the only solution when
the detailed hydraulic analysis of system is needed. In
last 10 years, authors were conducted a number of
such measurements on water supply systems as well as
on other complex systems (TPP Obrenovac A and B,
HE Djerdap — a ship lock, etc.) Based on the
accumulated experience, authors emphasize problems
in diagnostic measurements, types of measurements as
well as their organization issues in this paper.
Nevertheless, the main objective of this paper is to
stress the need of reestablishment of a measurement
culture and the work with accurate data, as the basic
element of complex Water Supply System sustainability
improvement.

2. DIAGNOSTIC = MEASUREMENTS+ANALYSIS

Through the "life" of a Water Supply System, there are
(or should be) some kind of measurements and
analysis of their results in every realisation phase
(Maksimovic, 1993). The system diagnosis should be
performed in regular working conditions, to obtain the
valuable additional data about the behavior of
individual system elements, and it has to be combined
with continuous measurements used for the system
process management. The hydraulic system analysis
are based on the diagnostic measurements, and they
are used either for solving the certain actual problem
(water hammer at a pump switch-off, for example), or
for simulations of the Water Supply System behavior
in planned future system extension phases.
Unfortunately, existing situation is such that diagnostic
measurements are the only measurements, and they are
performed only when it is necessary: in the case of
significant  water  shortage  (Prodanovic  and
Maksimovic, 1995 ), often pipe breaks (Prodanovic,
Iveyic and Pavlovic, 1994) or when a foreign
donations are expected, and a master plan completing
is urgent. As a rule, when the problem is solved, there
is no further interest for the system monitoring.

The diagnostic of a Water Supply System must be
accomplished with precisely defined requirements and
with precisely planned objectives, which are to be
achieved. Depending on the final objective, a suitable
choice of measuring methods and equipment is done,
as well as the data processing tools. It is expected
oftenly (but completely unrealistic) that based on the
examination of one system detail (for example, the
pump characteristic in the wellhead), to get the answer
on the hot question: where are the main water losses
and how big they are?



KapaKTepUCTHKA MyMIM Ha W3BOPHINTY) mOOHje
OAroBOp Ha ropyhe nurame: rje cy riaBHU r'younu
BOJI€ U KOJIUKH Cy?

2.1. Mepema

Ha jeqHOM BOJOBOJHOM CHCTEMY MOCTOjU UUTaB
HU3 BEJIMYMHA KOjeé Ce MOTY NMpaTHTH: NPUTHCIH,
npoTtouy, Op3WHE, HMBOM Yy pe3epBoapuma U y
OyHapuMa/muje30MeTpruMa, cHara TIyMIIH,
napaMeTpu Kaiurera Boe Makcumosuh, 1993).
CBe OBe BENWYHWHE CY UpOMEHbUBE Yy 6PEMEHY
(HeycTalbeHe) Tako fa ce Y TOKYy Mepewa O TOMe
Mopa Boautu pauyHa (Cumuh, 1994).

2.1. Measurements

There is a number of quantities at a water supply
system that can be measured: pressures, flows,
velocities, water levels in  reservoirs and
wells/piezometers, a pump power, water quality
parameters etc (Maksimovic, 1993). It has to be taken
into account that all those quantities are variable in
time (unsteady) ( Simic, 1994).
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Crnuka 1. Pekanubpanuja (puKCHOT Mepuiia MPOTOKAa CHUMAamEeM 10Jba Op3MHA y HEYCTaJbeHUM yCIOBAMA
Figure 1. Recalibration of the fixed flow meter by velocity profiling in unsteady conditions

Ha npumep, Ha cnunm 1. je mpuka3zaH NMOCTYyNak
npoBepe yrpabeHor (UKCHOr Mepuia IpOTOKa
myTeM CHIMama npocuna 6p3uHa. Kako nocrynak
Tpaje u mpeko 1 caT, HUje peanHo NMPEeTHOCTaBUTH
fa je IOpOTOK y LeBM KOHCTaHTaH, Beh TpeOa
KopuitheweM Jpyre CoHfe (WM WCHHTHUBAHOT
Mepuiia) TpaTUTH MOPOMEHe TIPOTOKa U TO
KOpPUIOBaTH y aHajuu3u [AoOujeHux Op3uHa.
Takobe, 6p31uHa IPOMEHE jeIHE UCTE BEJIUUUHE Ce
MOKE pa3InKOBATH 32 pefi BeNInUnHe (HABO BOJIE Y
UpnHOM Oa3eHy y NepUOAy KpeTawma IymIle U y
yCTalbeHOM PEKUMY Pajia) Y TOKY CaMOT Mepema,
[a ajropuTaM paja CHCTeMa 3a IPHUKYIUbAEe
nopaTaka Tpeba ca TUME yCarJacuTH.

N36op MepHe ompeme VIIaBHOM 3aBHCH Of
nmpobiieMa Koju ce ucTpaxyje. AKo Tpeba CHUMUTHU
HOjefliHe BeJIWYMHE KpO3 MAYKU INepuoj (Buile
llaHa, Hefelba), Taja je HEONXONHO KOPHUCTUTH
caBpeMeHe ypebaje ca jorepuma - CleldjaTHUM
padyHapuMma KOju MOry pAa o0aBe Mepema,
OpUMapHy oO0pajy U3MEpEHE BEIMYMHE U HEHO
MEMOpUCalkE y peaTHOM BpeMeHy. 3a Mepema y
Tpajalkby [0 jegHOr maHa, Moryhe je m "py4yHO"
3alMCUBalke¢ MOfaTaka, C THME IITO je Taja

For example, the figure 1. presents the procedure of
checking the built-in fixed flow meter by measurement
of the velocity profile in the pipe. As the procedure
lasts often more than an hour, it is not reasonable to
assume that the flow in the pipe is constant during that
time. Because of that, the another flow/velocity sensor
(or the flow gauge under the test, as shown on figure
1.), has to be used in order to record the flow changes,
those data are then used in off-line velocity profile
processing to correct the flow field to mean flow. Rate
of particular quantity change can also differ for an
order of magnitude (water level in a pumping
reservoir during a pump start period, and in a
stationary work regime) throughout the measurement,
so data acquisition algorithm has to match it.

The choice of measurement equipment mostly depends
on the explored problem. If there is a need for long
time recording of certain quantities (for several days or
weeks), it is necessary to use modern, computer based
devices (loggers) that are able to measure data,
preprocess measured values and store them in real
time. For measurements that lasts for up to one day,
the “manual” data storing can be done, but it is usually
less reliable (for example, if there is a need to
observed pressure gauge on every hour, most of us will



IUXOBA MOY3IaHOCT HEUITO HiKa (Ha mpuMep, ako
Tpeba ouMTaBaTH MaHOMETap Ha CBakKH car,
BehuHa Jpyau he ypegHO WcnuMcHBaTH Ha HANUp
BpeMmeHa Ha neo cat, 14:00, 15:00, ... mapma cy y
cTBapm MaHoOMeTap oumrtaBanmum y 14:16, 15:03,
YypMe YHOce BeJluKe mpobneme y pa3u aHamuse
pesynrara).

Yecro ce gujarHOCTUYKA MEPEHa MOry 00aBUTH 1
jemHOCTaBHUM, IPUPYYHUM MeTofamMa. Ha nmpumep,
ayTopu Cy MMalld NPUWIMKE f1a Y jeMHOM MameM
MeCcTy mpaTe paji BOAOBOfa Koju "matu" of
XpOHUYHE HecTallule Bojie. Y TBpbuBame mpoToKa
Ha U3BOPHUILTY HUje OMO MpeAMeT Hocia, ajad Kaja
ce MOCyMJbaJIO y MOOWjeHN MofiaTakK, jeTHOCTaBHUM
MEpeHmeM BHCHHE TPENMBHOT MJla3a Ha KamTaxKd
Kao U IpOTOKa BOfIe KOja ce IpejuBa U Ofjla3u
MaJMM HOTOKOM (MepermeM MOBPIIUHCKE Op3uHe
nomohy mammpmha W TONpEYHOr Mpeceka),
YCTaHOBJbEHO j€ [da Ccy TIyOuuu y JOBOJHOM
uesoBopy Behu o1 50%.

Cam m360p MepHe MeTofe, Kao um ypebaja 3a
Mepema je JIaKIl| ieo nocaa. AyTopu paja cy ce y
BehHN 00aB/bEHUX [MjalrHOCTUYKUX MEpema,
yriIaBHOM HajBuie "Gopwin" ca camMuM Jbyauma
13 BOJIOBOJIA, KOjU CY Ta MEpema U Hapy4uBalld U
mnahanu. Majga cy cBU HAayelHO CBECHH fa Cy
Mepewa HEOIXO[lHa, Kaja lobe 0 Tora f1a Ha LeBH
Tpeba MOCTaBUTH HEKU MPUKIbYUaK, MPEIUXTOBATH
BEHTWJ [a He ILypH WIM 3aMEHUTH HEHUcClpaBaH
BOJIOMEp, EHTy3HWja3aM HAIJIO CIUIacHe, jep Taj
KOHKPETaH PaJHUK HUje MOMMUBUCAH HA 000AIUHY
pao.

2.2. AHanusa

ITopatke poOHWjeHE MAMjaTHOCTUYKUM MeEpemnMa
Tpeba MpBO KpO3 TIpOleC Upedupoyecupara
[OBECTH Ha CTaHAApAHHU CHCTEM BeJMYMHA U Mepa
(ak0 ce mpuUTHCAaK MepH CEeH30puMa, MepHa
BEJIMYMHA € CTpyja WIM HANOH - TO TpeOba
mpeBecTd TNPBO Yy TMNPUTUCAK a 3aTHUM Y
IImjesomerapceky Koty). Hakon Tora, kpehe ce y
aHaNu3upame NOOUjeHNX BEJIMYMHA, Y 3aBHCHOCTH
o mpobaeMa Koju ce ucrpaxyje. To mory fa 6yay
pelaTUBHO IPOCTE aHalu3e, Kao Ha IpHUMeEp
oapebuBame KapaKTEpUCTHKa NMyMIE Y BOJOBOAY
JTakramm (ITpoganosuh, [TaBnoBuh u Jahumoswuh,
2001) Ha OCHOBY Mepema HHBOAa Yy pe3epBoapy
(mocpemHO oOfpebeH MPOTOK), HUBOA y IPIHOM
OyHapy M NpPUTUCKA HU3BOAHO Off HyMIe, ajlu U
KOMIUIETHE aHalu3e NPHMEHOM ofArosapajyher
MaTeMaTU4YKOT MOJieNa.

IToceOHy maxkwy y aHanu3d pe3yiTaTa Mepema
Tpeba IOCBETHTH JMHAMUYKMM TMojaBama. Ha
cmny 2. je faT mpuMep ochuialnyje MpoToKa Ha
Boptooaty lllaban ycnepn HeycarianieHOCTU MyMIIy,
KazaHa ca CIpeyaBame yjapa U ayToOMaTHKe Ha
pe3epBoapy. AHaIW30M Y BPEMEHCKOM W
(¢pekBeHTHOM JOMeHYy oapebeHa je comncTBeHa
y4ecTallocT ocUuiianyja oK Cy Ha MaTeMaTHIKOM
MOfiely IpOBepeHe MoryhHocTu 60sber

write the time as the whole hour, eg. 14:00, 15:00, ...
although the readings were done at 14:15, 15:03; that
causes significant problems during the result analysis
phase).

Simple, handy methods could often be used in
diagnostic measurements. For example, the authors
had opportunity to monitor a water supply system in a
small municipality with a constant water shortage.
Measurements of a flow rate at the wellhead were not
a part of planned activities. But when some
unexpected measurement results were obtained, it was
enough to do a simple measurement of an overflow
depth at the water intake structure, as well as a
measurement of a water flow that overflows to a small
creek (by measuring a superficial velocity with a small
piece of a paper and a cross section) to found that the
water loss rates in the main pipe were over 50 %.

A choice of a measurement method, as well as
measurement equipment, is an easier part of the job.
The authors of the paper, in most of the conducted
diagnostic  measurements, had the  biggest
organizational problems with the people from the local
Water Supply company. Although everybody is
generally aware of the measurement necessity, when
the sensor connection has to be installed, the leaking
valve repaired or malfunctioning flow meter replaced,
the enthusiasm rapidly vanishes because of the
worker's lack of motivation for additional engagement.

2.2. The Analysis

Diagnostic measurement data should be first translated
to the standard system of measurement units through a
preprocessing phase (if a pressure is measured by
sensors, a measured quantity is electricity or voltage —
it should be translated first to pressure, and then to
Piezometric level). After that, the measured data
processing can be done, mostly off-line, depending on
the explored problem. It could be relatively simple
analysis, assessment of pump characteristics in the
water supply system in Laktasi (Prodanovic, Pavlovic
and Jacimovic, 2001), for example, based on water
levels measured in the upstream reservoir (indirectly
determinate flow rate), water levels in the well and
pressures downstream the pump, but also a complex
network analysis based on the appropriate
mathematical model.

Special attention in measured data analysis should be
made to dynamic system behavior. As an example,
the flow instability in the Water Supply System of
Sabac is presented on the figure 2. The flow
fluctuations are induced by the incompatibility of the
systems: pumps, the surge trunk and flow regulating
device at the reservoir inlet. Based on the time and
frequency domain analysis, the frequency of an
oscillation were determined, while possibilities of
better adjustment of the surge trunk were checked on
the simulation model.
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Cnuka 2 . Ociunanuje IpoToKa Ha BOJJOBOJTHOM IUCTpuOynroHoM cucrtemy TabGanosuh - [llabar
Figure 2. Flow fluctuations on water distribution system Tabanovic - Sabac

npuiarobaBama Ka3aHa ca clipedaBame yiapa.
Pe3ynraTu aHanu3a AMjarHOCTUYKUX Mepema cy
YecTO VylIa3HU T[apaMeTrap 3a KOMIUIEKCHH]je
Mofiesie LEJUX BOAOBOJHHUX CHUCTEMA. 3a HHXOBY
KOPEKTHY NIPIMEHY, HEOUXO0OHO je paciuoaazaiuu u
ca upeupoyecupaHum 8eAuHUHAMa Kao u
HAYUHOM IUX08e 00pade. Y CBOjOj TIpaKkcH,
MebyTuM, ayTopu paja cy ce 4YecTo cpeTralu ca
MPOjeKTUMAa AUjarHOCTHYKHUX MEpema y KojuMa cy
[aTH caMO FOTOBU pe3yaTaTH 6e3 MKaKBOI' YBHUJA
y ToNa3He MoAaTKe Kao M y HAa4YWH Kako Cy
obpabuBanm.

2.3. AHanu3a Ta4HOCTH pe3yiaTaTa

CucreM KOHTpOJIe KBaJUTETa, HA CBAKOM HUBOY U
y CBakoj 0065IacTH, je OmIITe NMpuxBaheHu CBETCKH
TpeHf. Y 00JacTH AMjarHOCTHKE, HEONXOHO je Ha
CBaKOM KOpPaKy HMCIIOIITOBATH TO NPABHUIIO: y (pas3m
Mepewa, cBU KopultheHu ypebaju Mopajy 6utu
KOPEKTHO U PEAOBHO KanuOpucaHu, a y ¢asu
aHalmW3e Mopajy ce KOPHUCTHTH BajbaHU U
npoeepeHn mnopamu. Jda 6m ce HEW3BECHOCT
CMamuiIa, HEONMXOHO je Mepema TaKo IUIaHUPATH
la TocToje pedyHOaniunu uodayu. Ha npumep,
JOBOJHHO je MEPHUTH NOTOK BOAE Yy pe3epBoap |
HHUBO BOfIe y pe3epBoapy ja Ou ce 3HaO U3JTa3HU
OPOTOK. AIIM, WCTOBPEMEHNM MEpeHmeM W
U3JIa3HOT IIPOTOKA, MOXKE Ce NPOBEPUTH NOOHUjeHH
nojaTak o IOBpIIMHU pe3epBoapa - a Taj MofaTaxk
je BeoMa BakaH 3a MaTEeMaTHYKH MOJIEI BOTOBOJA.
AHanu3oM rpeuaka ce fo61ja oIncer BPeIHOCTH Y
K0joj ce oipebena BennunHa MOXKe Halla3uTu. AKO
ce XKENHM OfpEeJUTH XpalaBOCT LB Ha OCHOBY
Mepema IPUTUCKA Ha JABe MebycoOGHO ynambeHe
Jokanyje, Ipu 4eMy CBE MEPEHE BEIMUYMHE HOCE

onapebeny I'PELIKY (Mepema NIpUTHUCKA
MaHOMeTpuMa, ofpebuBame TreofeTCKOX KOoTa
MaHOMETapa, Mepeme  INpPOTOKa, IpOolEeHa

yHYTpallkher IPeUHNKa - Koja HOCU 4ecTO HajBehy

The results of analysis are often used as an input
parameter for more complex models of a whole Water
Supply Systems. In order to use correctly those values,
it is necessary to save all preprocessed quantities, as
well as method of their analysis. However, the authors
of this paper were often in position to see the results of
some diagnostic measurement projects, where only
final results were presented, without any insight
information about raw data same as about numerical
method used.

2.3. Accuracy assessment

The commonly accepted worldwide trend is the
introduction of quality control system, on every level
and in every field. In the field of diagnostics the rule is
applied on each step: in the phase of measurement the
equipment has to be regularly calibrated, and in the
phase of analysis, only reliable data can be used. In
order to minimize the uncertainty, the measurements
should be planned in that way to have some redundant
data. For example, it is enough to measure the inflow
of the water into a reservoir and a water level to know
an outflow from the reservoir. But, if the outflow is
also measured at the same time, there is a way of
checking the preliminary record of a reservoir surface
area — and that value is very important for the
mathematical model of a water supply system.

Error analysis gives the scope of the measured
quantity. If one wants to calculate the pipe roughness
based on the pressure measurements at two distant
locations, assuming that all measured quantities have
certain errors (the pressure measurement using
manometers, determination of manometer geodetic
heights, flow measurements, estimation of interior pipe
diameter - that is often significant), the roughness
values scope can be 4 =0.005 ~ 0.1. And if there is
also a problem with unsteadiness of water flow, as



TEXWHY), MOXKe ce jfobutu omcer Moryhux
spepuoctu 3a xpanasoct A =0.005~0.1. Ako
ce Ha TO fAOofAa joll M NMpOOJIEM HEyCTasbeHOCTH
IpoTOKa Kao U MoryhHocT mnocrojamba HEKOT
nokanHor nopemehaja Koju HUje uAeHTU(PUKOBAH,
clefd Ja je OBakKaB NPOpavyH KoedulrjeHTa
XpanaBoCTU HEYNOTPeOJbUB.

2.4. TIlpumena go6ujeHNX pe3yaraTa

CacTaBHH [1e0 TUjarHOCTUIKOT ITakeTa (Mepema -
aHanmM3a - aHajW3a Tpellaka) je W IpuUMeHa
moOujeHux pesyarata. Hawmme, Huje perka
cuTyalyja a ce HaKOH M3BPIICHUX aHA/IN3a YKaxe
Ha oprosapajyhu npoGieMm, anu ja BOJOBOJ HE
KpeHe Y HEroBo pemlaBame. Ha mpumep, y TOKy
Mepema KapakKTepUCTUKa IyMIIH, YCTAaHOBJLEHO j€
ma je yrpabeHa mymma BuIlle HEro AyIUIO jada.
IIpepsoxeHa je yrpajmba TUPUCTOPCKE perynanyje
cHare, y3 oOpadyH fa ce yJIOXeHa WHBECTHIH]ja
ucnnahyje Beh mnocie 6 Mecenu caMO Kpo3
CMalkbeHW pavyH 3a CTPyjy. Y TOj pauyHuWIHu je,
MebyTuM, 3aHEMapeH jefaH BaxkaH IojaTak, a ToO
je Ja JOTMYHHU BOJOBOA M OHako Beh ropmHama He
mnaha crpyjy!

3. BPCTE JMJATHOCTHUKE CUCTEMA
3.1. CraHpapaHO Mepeme IPOTOKa U IPUTHCaKa

3a carnepaBame (PYHKIMOHUCAHAa BOIOBOIHOT
cucTeMa KOpucTe ce MaTeMaTHuku mofienu (Gotoh,
Jacobs, Hosoda i Gerstherg, 1993). Kpewupame
Mofiena TMoApa3yMeBa  AWUTHUTANM3aIMjy  CBUX
mogaTaka O oOjeKTMMa  BopoBofa  (IeBH,
pe3epBoapH, 3aTBapayy, MyMie, IOTPOIIAYH UTH.)
BUXOBE KapaKTepUCTHUKe M MebhycoOHe penamuje.
ITo 3aBpiIEeHOM Kpeupamwy Mojeia, HEONXOAHO Ta
je Kaaubpucaiuu TaKo Ja BEPHO CHMYIIHUpA paj
noctojeher cucrema. Iloctymak kanuGpanuje
nogpasymeBa (bUHO TMOfielllaBamke IlapamMerapa
MOjeIMHNX JIeJIOBa cucTeMa (pacmopen MOTPOIIbE,
ryOWIM y LEBH, UTA.) TakKO fJa ce pe3yaiuaiu
cumyaayuje uoxaouu ca  pesyawaimiuma
oujaznocuiudKux mepera.

3a morpebe kammOpamuje Mopena, OOMYHO ce
Bplle KOHTHHYaJHa BUIIEJHEBHA MEpPEHa MPOTOKA
U IIpUTHCKA Ha u3abpaHuM jenoBuMa cucrema. Ha
cIuuy 3 je maT pe3ylNTaT KOHTHMHYATHOT Meperma
Ha BojoBoay JlakTaliy, U TO HUBOU y pe3epBoapy
W TPOTOK W TPHUTHCAK HA MECTy KOA XOTeja
"Munka". Y TOKy Mepema je JOIIO 0 XaBapuje
Ha 1IeBOBOJY y JakynoBuKMa, Tako ja je 3aTBapaH
u3la3 u3 pe3epBoapa U IPCTEH KOju cHabneBa Taj
peo BopoM. Kopumhewem oBOr u  Apyrux
pe3yiTaTa Mepema, Tpeba 0b6aBUTH KanuOpaiujy
MaTtemMaTU4yKor mopesna BogoBopaa Jlakramm. Tecr
Bepucukanyje Moaesaa 6u 610 cuMynaimja ycioBa
Koju cy ce ogurpanu Ha Tepeny 05.07.2001. (cimka
3).

well as a possibility of existence of some unidentified
local disturbance, the conclusion is that such
calculation of friction coefficient is useless.

2.4. Application of obtained results

An important part of the diagnostic package
(measurements — analysis — error analysis) is also the
application of obtained results. It often happens that
suggestions regarding some problems in system are
made, but there is no action from the Water Supply
company to apply it. For example, during the pump
characteristics measurement, it was notified that the
installed pump is more than twice stronger than it
should be. Installing the frequency-thyristor power
regulator was proposed, with estimation that the
investment will repay within 6 months only through a
lowered electricity bill. Nevertheless, that calculation
didn't take into consideration one important fact: the
Water Supply company doesn’t pay for years the
electricity at all!

3. TYPES OF A SYSTEM DIAGNOSIS
3.1. Standard flow and pressure measurements

Mathematical models are used for better in depth
understanding of Water Supply System functioning
(Gotoh,  Jacobs, Hosoda and Gerstberg, 1993).
Creation of the model implies digitalization of all
water supply system elements data (pipes, reservoirs,
valves, pumps, consumers etc.), their characteristics
and interrelations. After finishing the model creation,
its calibration is necessary to achieve the reliable
simulation of the existing system. A calibration
procedure is done by fine adjustment of certain system
element parameters (consumption disposition, water
losses, etc.) so that simulation results and diagnostic
measurement results fit well.

A model calibration usually requires continuous, a few
day long measurements of flow and pressure at
selected system locations. The figure 3 presents the
results of a continuous measurement on the water
supply system Laktasi — water levels in the reservoir,
flow and pressure at the location near the “Milka”
hotel. Pipe break occurred at the location in Jakupovci
during the measurements, so the outlet from the
reservoir was closed, same as the distribution pipe ring
that supplies that area. Using this, and other
measurement results, numerical model calibration of
water supply system Laktasi can be performed. The
model will pass the verification if it can reliably
simulate conditions that occurred at the site on the date
05.07.2001. (Figure 3).
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Figure 3. Measurements from Laktasi, for 5.7.2001 - Flow and pressure during pipe brake
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Cnuka 4. Cupos (He o6pabeH) mogaTak o Op3WHH Y IEBH
Figure 4. Raw (unprocessed) velocity data in pipe

Cam u3bop Opoja norxayuja Ha xojuma he ce
MEpUTH Kao ¥ UOWIPEOHO 6peme Mmeperwa je
AUpPEKTHA IIOBE3aHO Ca PACIOJIOKUBUM pecypcumMa
(Bpeme u HOBal). [IpaBwio je ga Ha BOJOBOIHUM
cUcTeMMMa Ha KOjuMa He II0CTOje IpeTXOfHa
Mepewa W Ha KOojuMa HeMa JIOBOJbHO MOY3[aHMX
uHpopManyje O OYEKMBAHMM  BpEHOCTHMA
MEpCHHUX BEIWYNHA, UOMpPeOHO je ypaduiuu oOee
cepuje KOHTUHYaJTHUX Mepera: MPBOM CEpUjOM ce
moOwjajy ONIITH MOAALY O CHCTEMY, HA OCHOBY THX
nogataka ce Trpybo KanuOpuile MaTeMaTUYKd
MOJIeNl U Ha MOJeNly ce MpoBepaBajy Moryha ycka
rpia. Y JIpyroj cepwju Mepema ce BpIIU HOBH
u300p MEpHHUX JOKalWja, KOHLEHTpullyhu ce Ha
Beh youene npobneme. Ha cnmmm 4. je gat mpumep
Mepewa MPOTOKa Ha CUCTEMY Ifie HHCY IIOCTOojalle
NpeTXOflHe WH(OpMalMje O MOryhuM pagHuM
pexunmuma. MepeHe cy Op3MHE y  [EBH
€JIEeKTPOMAarHeTHOM COHJOM, KoOja y TPUHIUIY
MoxXe fa Mepu Op3uHe fo 10 M/c anm je y TOKy
mpolecupama CHUTHala MaKCHMajlHa  Op3uHa
numuTUpaHa Ha 3 m/c. MebyTum, ucnocraBuio ce

Selection of the number of measurement locations,
same as the measurement duration is in direct relation
with available resources (time and money). The rule is:
on water supply systems where there is no previous
measurement results and enough reliable information
about expected values of measured quantities, two
series of continuous measurements are needed. The
first one will give the general information about the
system. Rough calibration of the numerical model
should be performed based on that information. Using
model and site visiting, the possible critical parts of
Water Supply System are detected. In the second
series of measurements, some new measurement
locations should be selected, focusing on already
noticed problems. The figure 4 presents an example of
flow measurement, where there was no previous
information about the measured quantities. Velocities
were measured with the electromagnetic probe, which
is generally able to measure velocities up to 10 mps,
but during the signal conditioning procedure they were
limited on 3 mps. However, it came out later that two
level zones were directly connected (!) through that



KacHuje, fia je meB y KO0joj cy MepeHe Op3uHe
IUpeKTHa Be3a u3Meby nBe BucmHcke 30He (!) ma
cy u Op3uHE y IIeBM 3HATHO N3BaH OUYCKNBHAX.
KonTnnyanHum Mepewnma (Hajuenthe) npoToka u
NPUTHUCAKa, Y TOKY Kanubpanyje Mofielia, 9ecTO ce
YCTaHOBU Uocidojarwe Hekux eehux noKaaHux
iupoGaema (BenWKW Taj TPUTUCKA Ny HEKe
JeoHHWIe Kao pe3yslTaT HEKOr MPHUTBOPECHOT
BeHTMIa, Behu ryOouiu Bofie Ha HEKUM IpaBIUMa )
W 3HAUHUjeZ 00CUlyilara Kapaxidepucuiuka oy
OueKMBaHMX (TIPEYHVK LIEBU HUje KAO Y MPOjeKTy,
3HaTaH TajJ KapakTepucTuke nymme wurhH.). Ha
OCHOBY THX 3alakarba, HEOIIXOHO je IIAaHUPATU I
00aBUTHU [UjarHOCTUKY TaKBUX A€Talba.

3.2. [lujarHocTrKa fieTaba cucremMa

Jyragak je cmnucak MoOryhux [ujarHOCTUYKUX
Mepema 3a notpebe ogpebuBama KapakTeprucTuKa
NOjeJUHUX JleTajba BOJOBOAHMX cucTemMa. Heka onf
Moryhux Mepema cy: onpebuBame
KapaKTepUCTUKe MyMIu, Kanmnbpanuja yrpabeHunx
Mepuila NpPOTOKa y HeCTaHAapgHUM YyCJIOBHUMA,
aHanmm3a pajia (UITEPCKUX IOJba y PEROBHUM
ycioBuMa W mpu  mpeontepehemy, (aykryanuje
OpUTUCAKA MPH HCHaAy NOyMOu (XUApayIHuKH
ymap), oppebuBame IMONOXKaja OPUTBOPEHOT
3aTBapaya KOjU je Herje 3aTplaH Ha OCHOBY
npocrupamwa nopemehaja, urq.

pipe, so velocities were significantly beyond expected.
Based on continuous measurements (most often) of
flow and pressure rates, the existence of some
significant local problems can be observed during a
model calibration (significant grade of pressure along
a pipe as a result of certain half-opened valve,
significant leakages along pipelines) or significant
variation of characteristics from expected (a pipe
diameter is not as designed, a significant degradation
of a pump characteristics etc.). With such notices,
planning and performing diagnosis of those details is
necessary.

3.2. System details diagnosis

There is a long list of possible diagnostic
measurements regarding assessment of particular
detail characteristics of water supply systems. Some of
them are: pump characteristic assessment, calibration
of installed flow meters in nonstandard conditions,
filter fields performance analysis in regular and
overload conditions, pressure fluctuation after a pump
failure (water hammer), the location determination of
half-opened valve that is somewhere buried, based on
a disturbance wave propagation, etc.
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Cnuka 5. OgpebuBame pacnofesie IpoToKa 10 (puiTepuMa y HeCTaHIapAHUM MEPHUM YCJIOBUMA
Figure 5. Flow distribution measurement in unsuitable conditions
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Cnuka 6. [lnjarpam crapema mymie
Figure 6. Pump aging diagram

Ha cmmkama 5, 6 u 7. cy jaTé HEeKH Off IpuMepa
IHjarHOCTHIKHX Mepewa. Ha ctapom punrepckom
noctpojewy "llltpann" y Hosom Cany (ciuka 5)
[ONAa3WIO je MO OCHWIandja y pajgy ayTOMaTCcKe
ompeMe 3a yIpaBlbame, Te je TpeOano yCTaHOBUTHU
y KOjUM pexXuMuMa MHOoCTpojewme pagud. Kao
OCHOBHH TIOfJaTaK Cca KOJUM BOJIOBOJ] VOIIIITE HUje
pacrosnarao je KakBa je pacroyiesia BOjie Ha JIeBy U
lecHy TIOJIOBHHY TocTpojema. Kako cy yciaoBu Ha
TepeHy OWnM Jaleko Of WACaTHHX 3a MEpeHe
IPOTOKA, U3BPIICHO je AETa/bHO CHUMAE MOJba
Op3uHa ¥ HHUXOBOM HHTErpalujoM je paobujeH
npotok (ITpomanoeuh wu HMeerwh, 2000). Ha
n3abpaHoj JoKauuju y npocuiy uesn oppebena je
Be3a m3Mebhy TpeHyTHe Op3rWHE U MIPOTOKA, TE Cy e
CBa jJajba Mepema IMPOTOKa CBejla Ha Mepeme
jemHe Gp3uHe (MHIEKC Gp3UHE).

Kao gpyru maTEepecanTan npuMep, Ha ciaukama 6 i
7. cy maTH pe3yNTaTH CHHMama KapaKTepHCTUKa
nymma. Ha BehwHE BOJOBONHWX cHCTeMa Ha
KOjuMa Cy ayTOpH pajiniiu Mepema, ogpehuBanu cy
nporon W pabeH OWIIaHC BOJTOBOfa HAa OCHOBY
Opoja catm pajja MyMIH, Y3 MPETIOCTaBKy Aa Cy
KapaKTEepUCTUKE MyMIHN HUCTOBETHE (PaOpUIKNIM.
Tek Kkama ce WU3BpIIM Mepeme CTBAPHUX
KapaKTepUCTHKa INyMOH MOKE C€ YCTAaHOBHUTH
KOJIMKE Ce Tpellke YMHEe TAaKBOM padyHmioM. Ha
cnuny 6. je MpuKa3aH maj KapaKTepUCTUKA MyMIle
Kpo3 Bpeme (pagm ce O MYyJbHAM IIyMIIama,
IIpopanosuh, MBetuh u IlaBmoBuh, 1996) a Ha
cmuny 7. KapaKTepHCTHKa IMyMIe Koja pagd y
KaBUTAIlAOHOM pPEXHUMYy, TIa Cy OCTBapeHH
OpPOTOIM  3HATHO  HIKM  Off  OYECKUBAHUX
(ITpomanosuh, [TaBnosuh n Jahumosuh, 2001).
M360p MepHUX METOMIa U MEPHE ONpEeMe 3aBUCH O]
npobieMa Koju ce UCTpaxKyje Kao W YCloBa Koju

Cnuka 7. KpuBa Gycrep mymriie Koja pajy y KaBUTanuju

Figure 7. Buster pump working in cavitations regime

Figures 5, 6 and 7 present some diagnostic
measurement examples. At the old filter plant “Strand”
in Novi Sad (Figure 5) some instability in control
equipment performance was detected, and the task was
to determine a working conditions of the plant. The
fundamental information about the water distribution
between the left and the right half of the plant the
Water Supply company didn’t possess at all. As
conditions for flow rate measurement were bad,
detailed recording of velocities profile in unsteady
conditions was performed. The flow field was
integrated to give the flow rate (Prodanovic and lvetic,
2000). At the established profile location, a relation
between an instant flow rate an velocity was
determined, so afterwards the flow rate measurement
was reduced to a single velocity measurement
(velocity index).

As other interesting example, figures 6 and 7 present
results of a pump characteristic recording. At most of
Water Supply Systems, where the authors took
measurements, a flow rate and a water balance in the
system was estimated based on number of hours that
pumps were running, Wwith assumption that
characteristics are the same as in the pump catalogue.
Only true pump characteristic measurement can show
how big error is done with that kind of water balance
calculation. Figure 6. presents the deteriorate of pump
characteristics during the time (or pump aging) for
sludge pump (Prodanovic, lvetic and Pavlovic, 1996),
and the figure 7 presents characteristics of pump
running in a cavitations regime, producing
significantly lowered flow rates than expected
(Prodanovic, Pavlovic and Jacimovic, 2001).

A choice of measurement methods and measurement
equipment is directly related to a problem that is to be
explored, as well as to conditions at the site. It could
be taken as a rule that it is necessary to obtain



BJIA/1ajy Ha TepeHy. Moxe ce y3eTH Kao IPaBHIIO
la je iowupeOno uociuuhu iwaynociu meperwa 3a
peo eeauvune eehy Hez0 KOO KOHIUUHYAAHUX
Meperwa, Te U Taj pakTop Tpeba umaTu y uny. Ha
nmpuMep, TNPUIUKOM Kanmbpanmje mnocTojehux
(pukcHmx Mepmia mporoka (KOjm Cy Kiace
taynoctu 0.5 mnm 1%), HUje Moryhe KopucTUTH
ynTpa3ByuHe MepHe ypebaje, koju cy Beoma
eJIeTaHTHU 3a Kopullthewe, ajau 4udja je TadHOCT
pena BenmuuHe 5%.

3.3. [lujarHocTuka ryéuraka

YrBpbuBame KOJIUKM Cy CTBapHHU I'yOUIM BOJie Ha
HEKOM BOJJOBOJHOM CHCTEMY j& H3Y3€THO TEeXKaK
3ajaTtak. IlomTo ckOpo HU jeaH BOJOBOJHU
cHCTeM KOJ Hac HeMa IIOy3laHa Mepema
NpOM3BOAbE U pacnojese BoOAe MO CEeKTOpHMa,
uooayu o u3zybmeHoj 600u cy euuie UOAUIUUYKA
Kawlezopuja a mare pe3yailail GHAAMUMUYKUX
Meioda. BogoBoau ce yriaBHOM 6aBe JIOKAIIHUM
CaHMpaWbEeM CUCTEeMa Y clydyajeBuMa Kajia je JOILIO0
O TOTIYHOT JIOMa IE€BU WM YKOJHKO BOfa y
Behoj Mepu u36uje Ha nospumHy TepeHa. Heku
BOJIOBOJIU Cy ONpeMJbeHu ypehajuma 3a ieTekinujy
ryouTaka KOjU UM Yy THUM CcJIy4yajeBUMa [0CTa
MOMaxy.

Ha 6u ce 600una buiuxa ca Zyouyuma Ha HUBOY
yeaot 6000600a, uUoWpeOHA Cy KOHIUUHYAAHA
Meperba Upouioka Ha CUM KibYHHUM Upasyuma.
Ha cmuum 8. je pgar mnpumep, nOpey3eT us
nureparype (O6pagosuh, 1999.), KOHTHHyaTHOT
3ammca MpOTOKa Ha jeTHOM CEKTOPCKOM BOJAOMEDY.
Bunu ce ma je npBux 10-Tak gaHa JHEBHU gujarpam
HEpPaBHOMEPHOCTH IPOTOKA y TpaHUIlaMa HopMasle
(omHOC W3Meby mHEBHOr MakcHMyMa M MUHHMyMa
je 5:1) ma 6m y meneMOpy HORHH MPOTOK HATJIO

accuracy of measurements in the order of the scale
higher than for continuous measurements, so that
factor has to be considered. For example, during a
calibration process of existing flow meters (which are
in accuracy category of 0.5 or 1%), it is not possible to
use echo flow meter equipment, which is very handy,
but with accuracy of 5 % or even worse.

3.3 Diagnosis of leakage losses

Estimation of real water losses on a water supply
system is very difficult task. Since almost no Water
Supply System in this region has reliable measurement
results regarding water production and water
distribution, information about water leakage is more
political category and the result of analytical methods.
Water Supply companies are mostly occupied with
local urgent retirements in the case of a pipe break or
if water appears at the surface in significant quantity.
Some of WS companies are supplied with equipment
for detection of water losses that is very helpful.

In order to keep the water losses as minimal as
possible on the whole Water Supply System level,
continuous measurements of flow rate on all main
directions are necessary. The figure 8 presents an
example, taken from the literature (Obradovic, 1999.),
of continuous flow rate recorded on a  sector
flowmeter. It can be seen that in first 10 days daily
diagram of flow nonuniformity is quite normal (ratio
between daily maximum and minimum is aprox. 5:1),
but afterwards in December, night flow rate has
suddenly started to rise with decrease of daily
maximum and minimum ratio. Such continuous record
clearly indicates the gradual spreading of pipe rupture.
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Cnuka 8. [IpoTok Ha CeKLIUjCKOM BOAOMEPY Y IEPHONY Off IBa Mecena
Figure 8. Two month flow rate record from section flowmeter



oyeo Jla pacTe y3 onajame ofHoca usMmeby
JHEBHOI Makcumyma u MuHMMyMa.  OBakas
KOHTUHYallHU 3alHC jaCHO yKa3syje Ha MOCTeNeH
pa3Boj NyKOTHMHe Ha IeBU. HakoH caHupama
KBapa, CpE[MHOM jaHyapa, J[HEBHM Jujarpam
OpPOTOKAa Ce BpaTHO y NpBoOUTHE rpaHune. Ha
OCHOBY OBaKBHX IlOflaTaka, Moryhe je obpadyHaTu
CTBapHy KOJHMYUHY HM3ryOJbeHE BOJE, NPOLEHUTH
norpebHa yjarama 3a CaHMpame KBapa, Ila 4ak
HallpaBUTU U aHAIMU3Y Kaja KPEHYTU y CaHUpaAHE
KBapa.

After defect repairment, in the middle of January, daily
flow diagram is restored to a primary shape. Based on
this kind of recordings, it is possible to estimate real
quantity of water losses, to estimate required
investments for rehabilitation, and also to make an cost
benefit analysis when to start with pipe rehabilitation.
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Cnuka 9. ITpoTok 6e3 fHeBHE HEpaBHOMEPHOCTH YKa3yje Ha BeJHuKe IyOuTKe
Figure 9. Flow without daily irregularities shows that losses are substantial

Ha caunu 9. je mnpukasaH HEWTO Apyrauduju
pe3yiaTaT - NPOTOK Yy TepHofy Of fABa fAaHa
CHUMJbeH Ha mpeyHuKy nesu 300 MM Ha ynaszy y
NPUMOPCKO Hacelbe, y 3WMCKOM Iiepuopy, 0e3
Typucta u 6e3 mpuBpepie koja pagu. Komukum cy
ryounm Ha TOj 1IeBM Kajla HeMa [HEBHUX
HepaBHOMepHOcTH mpoToka? 90% wmum 95%?
Kako mpoueHNUTH KONWKHN je HOpMallaH IMPOTOK
Kpo3 IIeB Kaja je NpHKa3aHH pPe3yaTaT jemHOT
MKajl HalpaBJbeHOT Mepema Ha cucreMy. U na mm
cy Tyounm Bojie Kaja ce HaMEepHO OTBOPYU HEKH Off
BEHTWJIa W BOfja MNyIITa y MoOpe caMmo jAa Oum ce
obapameM TMHje30MeTpacke KOTE€ MOCTHUIIIO fAa
cycegHO MecTo He poOuje Bopy? HapasHo,
NpUKa3aHu NpUMep je eKCTpeMaH ciy4daj (ainu He
penak), uemthe ce foOWMja [JHEBHH JUjarpam
NPOTOKA ca OJ{HOCOM MaKCHMyMa ¥ MHHHMyMa Off
2:1 mo 3:1, mwTo yka3syje Ha MOCTOjame ryouTaka y
HU3BOJHNUM JICJIOBUMa Mpexke, ajqu He oMoryhasa
HUXOBY NIPENU3HH]Y MPOLEHY.

TpeHyTHO YIIIaBHOM Biajla MUIIBEHE HAa je
JOBOJHHO JIa BOJOBOJ YTOBOPH Ca HEKOM (PMPMOM
nap jlaHa iMjarHOCTUYKHUX Mepema U fa he camum
THM Ja ce cMame ryomnu. McrmHa je HemTo
Apyraugja: OoBakBa Mepema Cy HajKOMIUIEKCHHja,
3aXTEBAjy CUIAAHO AH2AXHCO8AIE 80006004 U
BUXOB Pajl KaKo Ha MOHHTOPUHIY TakKO W Ha
YUOPHOM 00pHcasarwy CBUX NOTESHIMjaTHUX MeCTa
3a TyOUTKe (BEHTHJIM KOjH HE JIp>Ke, OBA3AyIIewHha,
NOBpaTHE KJIaIlHe, WTH.).

The figure 9 presents a somewhat different result — a
flow rate during two days period is recorded in pipe
with 300 mm diameter at the entrance of a small
coastal settlement, during a winter period, without
tourists and commercial working. What are water
losses on that pipe when there is almost perfect daily
uniformity of flow rate? 90 % or 95 %? How to
estimate what is normal flow rate through a pipe, if
this was the only, ever made measurement in the
system? And can we call it "the water losses" when
some of the valves are purposely left opened and water
runs into the sea, just to reduce the piezometer level so
that the next village doesn't get the water? Naturally,
illustrated example is an extreme case (but not
unusual). More often the result of diagnostic
measurement is the daily flow rate diagram with
maximum/minimum rate of 2:1 up to 3:1 that indicates
the existence of water losses at downstream part of a
water supply network, but doesn't allows their better
estimation.

Currently, there is principally opinion that it is enough
to engage someone to make a few diagnostics
measurements in order to reduce water losses. The
truth is somewhat different: that kind of measurements
are extremely complex, they require permanently
Water Supply Company engagement and effort on
monitoring, as well as on a persistence maintenance of
all potential locations for water losses (bad valves, air
relief valves, by-pass valves, etc.).



3.4. [IujarHOCTHKA y XaBapUjCKOM PEKUMY

JlujarHoCTHKa y TOKY XaBapuje IO IpaBUILy
MOHOCH IyHO BpefgHuX nH(popmanuja. Kox cucrema
Koju umajy KOHTHUHYallaH MOHUTOPUHT,
[MjarHOCTHUKA C€ CBOM HA aHANIMU3Y NPUKYI/bEHUX
nopaTaka y Nepuopy Ipe U Iocie KBapa, Ipu 4eMy
HnojaTKe O MepewmHrMa Tpeba AOMYHUTH IOfalUMa
0 MaHHMIyJanujama Ha cucteMy (KOju BEHTHIN U
Kajia cy 3aTBOPEHNU/OTBOPEHNU, PEXKUM pajia IMyMITH
UTH.).

3.4. Diagnosis in accidental regime

Diagnosis of accidental regimes in Water Supply
Systems, in general, obtains a lot of significant
information about real system conditions. At the
systems with continuous monitoring, diagnosis is
reduced to analysis of collected information before and
after accident, where measurement data should be
linked with data about system manipulation (which
valves and when they are closed/opened, pump work
regimes, etc.)
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Cnuka 10. ITyname neBoBojja yciaes morpeniie MaHumnysaanyje 3aTpapaunma
Figure 10. Pipe brake due to misuse of section valve

Ha cucremMuma Koju HeMajy KOHTHHYAJTHO Mepeme,
OBaKBa BpCTa JUjarHOCTUKE je Moryha camo ako ce
y NMepuoAy HaMECKUX KOHTHHYaJIHUM Mepemha WIH
cUMyJIUpa KBap, WM Ce KBap CIYy4yajHO JOTroau
(kao y ciydajy Mepema Ha BOJOBOAHOM CHCTEMY
JlakTamm, npuKa3aHo Ha ciuny 3.).

Ha cnuuu 10. je mpuka3aHa joll jefHa CHUMJbEHa
xaBapuja wneBoBopa (IIpomanoBuh, HMeetnh wu
IlaBnoBuh, 1994) y mecry Mana Bp6buma, kon
KmagoBa. Ha peny mneBoBopga Koju je uIIao
JNOJMHOM [OJIa3WJIO je [0 4YecTUX XxaBapwuja.
ObaBibeHa je jemHa cepmja Mepema op 10-Tax
lMaHa, Ka0 W HU3 Op3uX Mepema XUApayIndKor
yaapa, ajy CBM IOKa3aTeJbH Cy OWIN y TpaHuliaMa
Hopmarne. Omnpga je "cuMynmpaHO" OFHOIICH:-E
OIpeMe ajii je OCTaBJbEH flaTa JIOTep 3a MPUTHUCKE
KOjU je HacTaBHO [a NpaTd TNPUTUCAK KOJ
OyHapcke nymne. HakoH map pgaHa ce poroauia
XaBapuja, mpcKambe IeBOBOfia (BUM ce KAao HArJu
naj nputrcka Ha ciaunm 10.). AHaIU30M JujarpaMa
ca ciuke, MehyTuM, youaBa ce jfja je mpe xaBapwuje,
pouwto go noBehama nmputncka y cucremy. Hakon
pasroesopa ca JbyfuMa Ha TE€pEHy OTKPHUBEH je U
pasJior: JIOKaJHU MajcTOp Kaja monpasiba 0ojiiepe
o celny, y caydajy Kajga Hema WK He pagi BEeHTUI
Ha KyhHOM IIpUKIbY4Ky, 3aTBapa BEHTUJE Ha

On the systems without continuous measurements, this
kind of diagnosis is possible only if during the specific
continuous measurements either accident is simulated,
or it randomly happens (as happened in the case of
measurements in the water supply system Laktasi,
showed on the figure 3).

The figure 10 presents another recorded pipe break
(Prodanovic, Ivetic and Pavlovic, 1994) in Mala
Vrbica, nearby Kladovo. On the pipeline segment that
has been positioned along the valley, failures were
occurred rather often. One 10 days measurement
series, as well as series of fast measurements of water
hammer, showed that all parameters were normal.
After that, a “simulation” of equipment removal was
done, but with one data logger left to record the
pressure at the well pump. A few days later, pipe was
broken (presented as a rapidly pressure drop on the
figure 10). The recorded diagram on the figure 10
presents a pressure increase, starting from 12/09 till
the pipe failure on 16/09. After contacting local people
at the site, the reason was found: some local
serviceman was keen on closing the valves on pipeline
(Z1 and Z2 on the figure) when doing some home
repairs. When a repair is over, sometimes he forgets to
open valve Z2, and afterwards a pump is running
without the reservoir that limits the pump pressures.



pucTpubynuoHoM neBosony (Ha caumu 31 u 32).
Kapa 3aBpumm nmompaBky, moBpeMeHo 3ab60paBu Jia
otBopu 32, Te mymma pagu 6e3 pe3epBoapa, Koju
joj orpaHMuYaBa MPUTHUCKE.

4. OPTAHU3ALNIJA JTNJATHOCTUKE

IujarHocTuka Mepewma Oum Tpebama ma Oyay

caciiaéHu 0eo aKiluHOCHIU C8AK0Z 60006004.

Opranu3anuoHo Tpebda MpeABUAETH Tpyny JbYAU

unju he nocao 6uTu:

e [1a BOJU pauyHa o yrpabeHoj MepHOj onpeMu

e  BpIIN PEAOBHY Kanubpamujy

e BOAM [HEBHUK CBHUX pajoBa U OYMTaBaKba
(py4HOT MM ayTOMATCKOT)

e o0aBjba IpuMapHy o0Opajy pe3yarara

e TIpoBepaBa BANMAHOCT (fa JU je Heku ypebaj
moyeo Ja TIoka3yje 3HaTHO Behe/Mame
BpPEIHOCTH)

e TpajHO apXuBUpa pe3yiTaTe ca KOMEHTapuMa

e dopmupa pepoBHe wu3BewTaje y opmu
HeJe/bHUX/MeCE YHIX/CE30HCKUX nujarpama,
¢opmupa U3BEIITaje o BaHpPEHUM
cutyanyjama, uTh.

Omnpema 3a jujarHOCTUKY OM Tpebana ma Oype

caspemena eAeKUIPOHCKA MepHA oupema ca

MoryhHouthy BUIIEAHEBHOI WM BUIIEHE[EJHHOT

KOHUIUHYAAHOZ 3auuca TIPUTHCAaKa U TIPOTOKA WA

caMo NpUTHCaKa, KA0 W HUBOA Yy pe3epBoapuMa.

MebyTuM, 1 06MYHI MaHOMETPHU M BOJIOMEpPHU aKO

ce PEelOBHO KaNMOPUINy ¥ PYYHO OUUTABAjy, MOTY

ma ce uckopucre. Ha cnuim 11. cy gatu pesyaratu

PEMOBHOT OYHMTaBama jeAHOT Off Ba BOAOMEpa Ha

u3nazy wu3 pesepBoapa Jlakramm, Koje je

CIpOBOJIMO  BOJIOBOJl O TPEHYTKa HEroBe

yrpagame. JJoOujeHn mopganm cy Off CYIITHHCKOT

3Hayaja y aHajlu3aMa paja cucreMa, JIaHOBUMA 3a

HapejiHU NepUof], aHAJIU3K CE30HCKUX YTHLAja UTH.

4. DIAGNOSIS ORGANIZATION

Diagnostic measurements should be the integral part

of every water supply system activities. A special team

should be established with following obligations:

e installed measurement equipment maintenance;

e  regularly equipment calibration;

e  keeping of logbook of all measurement works
and readings (manual or automatic);

e  primary results processing;

o  reliability control (if any of devices shows
significantly increased / decreased values);

e  permanently store the results with comments;

e making regular reports in form of
weekly/monthly/seasonally diagrams;

e making reports about exceptional events, etc.

Diagnosis equipment should be modern electronic

measurement equipment with a possibility for several

days or weeks of continuous recording of pressure and

flow rate, as well as water levels in reservoirs.

However, ordinary manometers and flowmeters could

be useful also, if regularly calibrated and manually

recorded. The figure 11 presents results of a regular

readings from one of two flowmeters at the reservoir

Laktasi outlet that was performed by Water Supply

Company from the moment of its installing. Obtained

information is of substantially importance for system

performance analysis, further planning, season effect

analysis, etc.

A situation in majority of companies in this region is

such that there is no organized diagnosis approach. On

demand, another company is involved for measuring

campaign, and only if it is necessary. Fundamental

system parameters are usually unknown,
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Cnuka 11. ITpumep ynoTpe6pNBUX IOfjaTaka 3a CUMYJIAIIOHE MOJIeJie: CE30HCKa MPpOMeHa MPOTOKa Ha
OCHOBY BUIIIEMECEYHUX YATalba BOJOMEpPaA
Figure 11. The example of valuable set of data for simulation models: seasonal variations in flow based on several
months of flowmeter readings



Cutyanyja y BehuHy Hammx BOJOBOJA je TaKBa Aa
HEe TOCTOjU OPraHM30BaH MPHUCTYI JUjarHOCTUIIN.
Ilo norpebu ce mocao mpenyuwTa CIOBLHUM
¢pupmama u TO caMo ykoiauko Mopa. OcHOBHHU
[oKa3aTeJbu CUCTEMa Cy YeCTO HEelMO3HaTH, [a Yak
U caM IOJIOXa] M IpPEeYHWLU LEeBM U 3aTBapaya.
Buno kxakaB 3axTeB 3a OTKONABalkeM ILEBU H
U3rpajilboM LIaxTa Ha HEKOj IPaBoj A€OHULH, pafu
HOy3[laHUjer Mepema IPOTOKa, cMaTpa ce 3a
HenoTpe6aH JyKcy3 (MieTHO 61 GMII0 YKOJIMKO 61
MorJjia Mepema fja ce obaBe y KaHIeIapHjn).

Y TakBUM YCJIOBMMa, BeOMa je TEIIKO OOaBHUTH
KBAJIUTETHA  JUjarHOCTMYKa  Mepewa. Ha
HEMO3HATOM CUCTEMY, HEONXOJHO je IPBO
JeTalbHO carjieflaTH JAUCTPUOYIUOHY MpEXKY.
[erasbu mpeBe3uBama IOjeJUHMX  YBOPOBA,
(HeOUTHH 3a PENOBHO (DYHIKMOHHMCAHE CBE JIOK
UMa JOBOJLHO BOJE) Cy Off KJBYYHOT 3HaUaja y
(a3 obpage u3MepeHux pesyiaraTa. Y KOJIHKO
MOCTOjH MaTeMaTHYKKM MOJEJ CHCTeMa, OTPEeOHO
je Ha Mojeny IpBO IPOBEPUTU IUIAHUPAHY
cTpaTerujy AMjarHOCTUYKUX Mepema
(oTBapame/3aTBapame [OjeJUHUX KOMopa
pe3epBoapa, pajg Y PpasUuUTHM PEeXUMHUMA
OyMIIalka, HCKIbYyYNBame IOjelUHUX JCOHHUIA
cucreMa WTH.) KakKo OU Ce MAKCUMUIUPAO
Keaaulleil umepenux iooawmaxa y3
MUHUMU3UpAIbe  HOCAe0uya  HA  Pe0O0BHO
cHabOesawe moTporrava. Ha wmopemy, Takobe,
Tpeba omabpaTu mMoTpebHa MepHa MecTa Kako Om
ce ca LITO Mawe Mepema AOOWIO IITO BHILE
uH(poOpManyja o CUCTEMY.

Y cuTyauuju Kaja He IIOCTOje HM IIPETXOfHA
Mepewa HU MaTeMaTHYKd MOJeNl CHCTeMa, IO
npaBwiy Tpeba upedsudeiin OujazHoCUUYKA
Mepewa y 08e Kamiiawe. Ca IPBUM MepeHUMa ce
mo0ujajy OCHOBHM INOJalXd O CHCTEMY, HA OCHOBY
BUX CE€ aHaJu30M YyodaBajy IpoOJeMHu u
neUHMITy HOBA MEpHa MecTa NoMohy Kojux ce
yOUYeHHU NpoOiIeMH MOTy 00Jbe M3YIUTH. Y APYroj
KaMIlalkbu Mepewa (PoKyc ce CTaB/ba Ha IOjeUHE
JeTajbe CHCTeMa a 3aTUM Ha KOHTHHYaJHO
(pyHKIIMOHNCAame cuUcTeMa y HEKOM m3abpaHoM
nepuopy (MmHEMMamHO je 3a 24 cara, a
NpPEeNopywhbHUBO je MEPUTH KOHTHHyanHO Oap 7
naHa).

5. JA JIN JE JUJATHOCTUKA CKYIIA?

Kao oproBop Ha mwmrame: [a nu cy ckyma
AMjarHOCTUYKa Mepewa, Aajy ce fABa HajcBeXHja
npuMepa U3 Mpakce ayTopa OBOT pajia.

IToyeTkOM oBe TONUHE, obaBJbEHA cy
AMjaTHOCTAYKA MEpeHa Ha jeJHOM MPUMOPCKOM
BOJIOBOJHOM cucTeMmy (HeKu pesynratu cy Beh
JlaT¥ y OBOM pajy Ha cimkama 4 u 9). Ha cucremy
HUCY pacmoJiaraji ca MEpHOM OIPEMOM, Kao HU ca
MPETXOIHUM MepewmnMa. Mepemwa Cy crpoBefieHa
3a moTpebe Kanmbpaluje MaTeMaTHIKOT MOJena,
npu dYemy Huje Ouia yroBopeHa [eTajbHHja
AMjarHOCTHKA M TIpoleHa ryburTaka Bope. Ha

even location of pipes, pipe diameters and valve
locations. Every requirement for a pipe excavation and
a manhole construction on a straight pipeline section,
in order to establish a reliable flow rate measurement
location, is considered as wasteful luxury (it wood be
perfect if measurements could be accomplished in the
office).

In such conditions, it is difficult to obtain reliable
diagnostic measurements. When presented with an
unknown system, it is necessary first to identify a
distribution network. Details of node connections (not
important for a regular system performance as long as
there is enough water) are essential in measurement
and data analysis. If a numerical model exists, it is
necessary first to check a planned measurement
strategy (opening/closing of some reservoir chambers,
system performance in various pumping regimes,
exclusion of particularly network sections etc.) in
order to maximize the measured data reliability with
minimal effects on a regular consumption. Using
simulation model, measurement locations also should
be selected, in order to obtain more system
information with a less measurement.

In situation where there are no previous measurements
and nor the numerical model, as the rule of thumb, two
campaigns of diagnostic measurements should be
planned. The first measurement campaign will obtain
the fundamental system information as the base for a
system problem identification. Then, a selection of a
new measurement location and sampling criteria can
be done, in order to better enlighten the noticed system
problems. The second campaign can be focused on
specific system details, same as on continuous system
performance monitoring during longer period of time
(24 hours at least, but 7 days is recommendable).

5. IS THE DIAGNOSIS EXPENSIVE?

As the answer on that question, there are two novel
examples from the authors practice:

In the beginning of this year, diagnostic measurements
were performed on a water supply system in a small
seaboard town (some of results were already presented
on figures 4. and 9.). The system had no measurement
equipment and any previous measurement results.
Measurements were accomplished in order to obtain
data for a numerical simulation model calibration, and
no detailed diagnostic measurements of water losses
were contracted. However, based on obtained data, a
rough estimation showed that water losses were about
400 L/s, and with water price of 0.5 DM/m3 made



OCHOBY JIOOMjeHUX pe3ynTara, MehyTum, MOrio ce
rpy6o npoueHuTu aa cy ryounu oxko 400 JI/c, mro
ca LIEHOM Bojie Koja ce I1aha Ha yna3y y cucTeM of
0.5 KM/M3 usnocu auesHo 17000 KM ry6uraka
(mpoceyHa IieHAa jeHOT KOMIIAKTHOT Jiorepa 3a
npotok je 12000-15000 KM a 3a mputucak 2000-
3000 KM).

IToueTkoM JeTa OBE€ TOAWMHE, HA BOJOBOAY
JlakTamm cy o0aBibeHa JUjarHOCTHYKA MeEpema,
OpBO NMyMIHN Ha U3BOPHINTY M OycTep Hmymme 3a
CnatuHy, a 3aTuM 24-BOpOYAacOBHO MeEpEme
OpPOTOKA M MNPUTUCAKA IO CUCTEMY. AHAJIU30M
NOOMjeHUX KapaKTepUCTHKAa OyHapCKUX IIyMIIH,
youeHa je 3HaTHa pas3iuka u3Meby nymme y npsom
u npyroMm OyHapy: mpBa mymma pagu ca 27 L/s a
npyra 40 L/s mpu yemy npBa mymma uMa ckopo 10
M Behy BucuHy nu3ama (npBa mymna poOujeHa u3
nporpama moHammje y Majy 2001. rogume).
OuurnegHa HeycarJlalleHOCT NyMIH pe3yiTyje
OPBO MpPWUTYIIEHUM pajgoM MpBE INyMIe, Kao o
HeuckopuithaBameM KamauuteTa OyHapa. [la cy
NpWIKKOM K300pa 1mpBe OyHapcke IymIe
o0aB/b€HA [MjarHOCTUYKA MEpEma Ha CTapuM
nymMmama, 3aje[H0 ca aHalIu30M JUHAMHYKOT
HHUBOA BOjie Y OyHapHMa Kao U CIPETHYTHM PajioM
o6e mymmne, m3abpana O6um ce mymma Koja BUIIE
ofrosapa cucremy, a Behu npotok 61 Morao fga ce
mnacupa y Mmpexy Jlakrama.

W3 u3noxeHa fiBa mpuMepa, MOXe Ce 3aKJbYUUTH
la ce OujaiHocluuvKa mepera CuzypHo uciiaaiie
Ha Oyxcu uepuod. Mebyrum, Hacnehen mpobiem
KOJl CBMX HAaIIMX BOJOBOja je TeKyha
HEJIMKBUAHOCT M HaBHKA fla ce MITefma y Ouio
KojeM OONuKy, NOroTOBy OHa KoOja 3axTeBa
BUXOBO J[IMPEKTHO WHBECTHpaWme, HE UCIUIaTH
(Tpe6a 6uTH HOBOJLHO HOTaT jja OU HMITENEO).

6. BAKIbYUYAK

Cepxa oBor pajga HHje yOebuBame umraoua, u
pacmpaBa, Aa JHM je AMjalHOCTHKA BOJOBOJHUX
AUCTpUOYTUBHUX CUCTeMa INOTpeOHAa WM HHje.
JlujarHOCTHKA je HEONXOfHa YKOIHMKO CE >KEJU
RoMahMHCKO IOCNOBamke, IOCIOBalkEe CUCTEMOM
koje he My o6e3benutu nmyHy oppxkuBoct. Hpeja
ayTopa je Buie Omna ma y3 momoh objammema
mTa cBe 0oOyxBaTa AUjarHOCTHKA, MJIYCTPOBAHUX
OpojHMM @OpuMepuMa W3 Ipakce, HalpaBH
elyKaTWBHU pam. JIUpekTopm W  BIIACHUIM
BOJlOBOAa Tpeba IITO Ipe fa carjiefajy BaxKHOCT
CHCTEMATCKOT ¥ TeflaHTHOT mpahema pamga CBOT
cucreMa. Y opraHu3anuju pajga Tpeba npegBueTu
BaXKHO MecTO (hopMHUpamy ciyxKOe Koja he Ourn
3ay’KeHa 3a KOHTHHYyajlHAa MEpEHha H HHHUXOBY
oOpany. Y moueTky he ce BepoBaTHO jefaH Jeo
HOCIOBA MOBEPABaTH CIOBHUM (pUpMaMa, alu je
HEONXOJIHO fia BOOBOJ aKTUBHO "Kpajie 3Hake" U
HmocTeneHo Ipey3uMa Behu [eo aKTHUBHOCTH.
YecTo ce uMHU Ipellka Aa ce HabaBKa CKYIOLEHE
MEpPHE OIpeMe CTaBba MHCIpel 00pa3oBama
pajHuKa: U OOMYHE MaHOMETPHU U BOJJOMEPU MOTY

17000 DM of losses per day (the price of an compact
flow rate and pressure logger is about 12000-15000
DM, and only for pressure 2000-3000 DM).

At the beginning of summer this year, at Water Supply
System Laktasi, extensive diagnostic measurements
were done. Firstly, the two well pumps and one buster
pump for Slatina settlement were analyzed, and then,
24 hours continuous flow rate and pressure
measurements in the system was performed using the
built in flowmeters, pressure loggers and manometers.
Analysis of well pumps characteristics showed a
significant difference between the pumps at the first
and the second well: the first pump gives 27 L/s. and
the second one 40 L/s, where the first pump has almost
10m higher head than the second one (the first pump
was from donation program in May 2001.) Obvious
incompability between pumps results in reduction of
performance of the first pump and an insufficient well
utilization. If there were diagnostic measurements on
the old pump before it was changed in May 2001,
along with analysis of a dynamic water levels in both
wells, as well as coupled pump performance, the pump
with better system conformation would be chosen, and
higher flow rate could be distributed in the network of
the Laktasi settlement.

These two examples undoubtly show that diagnostic
measurements are a good investment for a longer
period. However, a heritable problem in all our Water
Supply Systems is the lack of money and a habit that
any kind of saving, especially if it requires some direct
investments, doesn’t pay off (one must be rich enough
to be able to save).

6. CONCLUSION

The paper objective was not to convince or persuade a
reader if a water distribution system diagnosis is
required or not. Diagnosis is necessary if the economic
performance and the performance with full reliability
are required. Using explanations what all diagnosis
comprises, illustrated with lots of practice examples,
the idea of the authors was to write down the
educational paper. Managers and Water Supply
System owners as soon as possible have to realize the
importance of a systematical and a precise system
performance monitoring. In the work management a
service should be provided that would be responsible
for continuous measurements and data analysis. In the
beginning, probably one part of the work will have to
be contracted with other specialized companies. It will
allow the active "knowledge transfer" and fast learning
curve. A usual mistake that is made in out Water
Supply companies is to buy expensive equipment
rather then to educate workers: even ordinary
manometers and flowmeters will do a significant part
of the work if a diagnosis team is quality educated and
motivated for the work.



fa obOaBe BEJNUKU fAEO IOCIa aKo je eKHuma 3a
AMjarHOCTUKY KBAJIUTETHO OOyueHA U MOTHBHCAHA
3a paj.
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