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Sta su gubici?

Razlika izmedu ukupne kolicine vode koja se upusti u distributivni sistem na
postrojenju za preciscavanje vode za pice i ukupne fakturisane koli¢ine vode!

Poreklo gubitaka u vodovodnoj mrezi?

=g

LoSi spojevi cevi Ostecenja cevi Nelegalni prikljucci

Cilj: Detektovati gubitke (lokaciju i kolicinu) kako bi se na vreme uklonili/smanijili!
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Kako detektovati gubitke?
* Neophodna mreza senzora za pracenje pritiska (i protoka)

* Svaka nagla promena pritiska (ili protoka) moze da ukaze na
promenu nastalu u sistemu (npr. gubici)

Nagli pad pritiska — moguci gubici
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Kako detektovati gubitke?

* Metode osluskivanja (registrovanje promene zvuka usled
curenja vode)
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Kako detektovati gubitke?

- A kad nema senzora? Kada se na ulici pojavi velika koli¢ina
vode
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Kako detektovati gubitke?

- Kombinacija (poredenje) merenja i matematickog modela
vodovodne mreze (najcesce model kvazi-ustaljenog tecenja)

Ocekivani uslovi — matematicki
model i merenja se u najvecoj
meri poklapaju

Promenjeni uslovi — matematicki
model ne zna da se nesto desilo u
stvarnom sistemu, otud i
neslaganja

Podesavanjem ulaznih podataka za
model moze se ponovo dodi do
poklapanja rezultata. Moze se reci
da su na taj nacin detektovane
promene na stvarnom sistemu.
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Kako podesiti ulazne podatke tako da odgovaraju stvarnom
stanju?

* Pristup pokusaja i greske (eng. ,trial & error")
* Prednosti: lako se koristi
- Mane: iziskuje vreme, iskustvo i ne garantuje dobre rezultate

* Neki drugi (napredniji) pristup

* Prednosti: u slucaju sIozenUlh sistema iziskuje manje vremena od
Jtrial & error® pristupa, moze dovesti do boljeg resenja, radi
automatski

* Mane: zahteva znanje programiranja i metoda optimizacije
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U ovoj vezbi se koristi ,trial & error" pristup za odredivanje
gubitaka u zadatoj vodovodnoj mrezi

" Naci ¢vorove u kojima je povecana
potrosnja (gubitak vode) u odnosu na
ono sto je prvobitno pretpostavljeno u
modelu

| ]
1

Taj gubitak vode uzrokuje neslaganje
izmerenih i modeliranih pritisaka u dva
cvora.

Koristi se program EPANET
Download: https://www.epa.gov/water-

research/epanet



https://www.epa.gov/water-research/epanet
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Instalirati i pokrenuti program EPANET 2.0

i EPANET 2 - X
File Edit View Project Report Window Help

A G HEES K LEPARAAUE ORG—FKT

New

Open...
Save
Save As...

J[66 Brower =]

Data |Map |

Junctions A

Import >
Export >

Page Setup...
Print Preview
Print

Preferences...

1 Netl_pp.inp
2Metlinp
3 Netl.net

g, K

Exit

Auto-Length OFf ‘ GPM ‘ 100 ‘ XY 157222, 991111
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Ucitati fajl sa mrezom (moze da ima ekstenziju .net ili .inp)

i EPANET 2 -
File Edit View Project R Wi

eport  Window Help
A FNEES | kXA AR O~ F KT

PPPPP

oK

Open
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Ucitati fajl sa mrezom (moze da ima ekstenziju .net ili .inp)

- EPANET 2 -~ X
File Edit View Project Report Window Help

[DEEE axalgdEgme |x 2+ aQd OET~CKT

£ Network Map = [ = Srowssr™ ]
Data | Map |
Junctions =
+# Open a Project s
Look i [ || Prtisci mereni za detekciu aubiaka - e @merEr Conterts
4 Name - Status Date modified
[7] Merenja_Vezba5_DetekcijaGubitaka.inp @A 07-Apr-1910:42 P o, X S
Quick access
g Pritisci_cvorovi_21_23.dat @A 07-Apr-1910:51 P
[ ] o Pritisci_cvorov_21_32.dat @8 07-Apr-19 10:51 P
Deskiop [zma Pritisci_cvorovi_23_32.dat @A 07-Apr-1910:52 P
"
Libraries
This PC.
Network >
File name: [ | Open
Files of type Al fles - Cancel |
Netwark files (- NET)
nput file (*INP)
Backup files (".BA

Naci gde je iskopiran fajl i otvoriti ga. Ukoliko se fajl
sa mrezom ne vidi potrebno je staviti da se prikaze All
files.

Auto-Length Off | GPM H| 00% ‘R,Y 3816 67, 1000000
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Editovanje elemenata mreze

& EPANET 2 - Merenja_Vezbas_DetekeijaGubitakainp

— X
File Edit View Project Report Window Help
DR @ mxn FuemEe |y XPaQ B ORBE-CNT
£{ Network Map (=@ [ s [=]
Data | Map |
Tank L 4 Junctions -
10
11
13
21
22
23
kil
32
Junction 12 =
Source Praperty Vel | X
“Junction 1D 12
- [
- bl #-Loardinate 50.00
Pump -Coordinate 70.00
Description
Tag

Dupli klik na ¢vor —editovanje e
v - : e
cvora (visinska kota, koordinate, i

Initial Cualiy 05

cvorna potrosSnja;—

Actual Demand

Total Head N
Pressure #Na
Buality HNA

Cvorna potro$nja (Base demand)
je onaj parametar preko kog
trazimo gubitke vode

Auto-Length DK ‘ LPS a‘ 1002 |><,Y 50.32,69.95
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Editovanje elemenata mreze

& EPANET 2 - Merenja_Verba5_DetekcijaGubitaka.inp — X
File Edit View Project Report Window Help
[Pmamxal g tEmE| " bxta Ul OHI~CKT
£4 Network Map === aaamvlvser [=]
Data | Map |

Tank 1r
Pipe 12 a
Propery Value |
Source Fie ID =
- - “Start Node 1
e /= *End Made 13
Description 254
Tag
L] L] . . - “Length 1609.344
Dupli klik na cev — editovanje cevi
*Roughness 1
. v - / Loss Coelt. 0
(duzina, precnik, hrapavost, ...)
I I I Bulk Coeff.
‘w'all Coeff,
Flow #Nfa
Welncity AN
Unit Headloss #N2A
Fiiction Factor NI
Rieaction Rate #NA
Quality HNA
Status BN/

Auto-Length O ‘ LPS | 1003

Xy 60.00, 6336
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Uvoz (import) izmerenih podataka

-#: EPANET 2 - Merenja_Vezba5_DetekcijaGubitaka.inp - =
File Edit View Project Report Window Help
=2=N= 7 rrh @ H OET —F KT

Project\Calibration Data

AutoLength Off ‘ LPS a‘ 100z ‘ X014 61,9380
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Uvoz (import) izmerenih podataka

-# EPANET 2 - Merenja_Vezba5_DetekcijaGubitaka.inp
File Edit View Project Report Window Help

D@ &  smmany.. 7 rrh @ H OET —F KT
oy e 7o
o T —
Calibration Data o ig
PO StO sU mereni Parameter M arne of Calibration File Eﬂ %
iy . Demand |
pritisci, onda s
. . Head
biramo opciju )
Fressure REH
da uvezemmo A Edi

[uality
pritiske Flow //

Yeloeiy
Klik u polje za /}2(
pritiske pa / 0K Cancel Help
Browse

AutoLength Off ‘ LPS a‘ 100z ‘ X014 61,9380
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Uvoz (import) izmerenih podataka

-# EPANET 2 - Merenja_Vezba5_DetekcijaGubitaka.inp
File Edit View Project Report Window Help

D@ &  smmany.. 7 rrh @ H OET —F KT
[ i o I
e : -
I U.datfajlusu ||’
Posto su mereni Calibration Dat3 X | oznaceni b
pl’itiSCi, Onda Parameter Mame of Calibration File Eﬂ EVO I’OVi U .
biramo opciju Demand _Aouse | || kojima je
da uvezemmo Head meren pritisak
pl’ltl Sk e Pressure ciju gubitakahPritizcl_ cworowi 21 23.dal BE
! Edit
Cluality /
Klik u polje za i
.l Wl
pritiske pa /W
Brovyse I navCI / ak. Cancel Help
gde je smesten
fajl (fajl ima
ekstenziju .dat)

AutoLength Off ‘ LPS a‘ 100z ‘ X014 61,9380
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Pokretanje proracuna

% EPANET 2 - Merenja_VezbaS_DetekcijaGubitaka.inp. - X |
File Edit View Project Report Window Help

DEE& B X

zNEEE|r s QUH OB ~C KT

b s |

Tank

Source

- .

Pump

Run *E

Auto-Length Off ‘ LPS a| 100z ‘ XA 4880, 93.80
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Poredjenje modeliranih i merenih pritisaka u dva ¢vora

% EPANET 2 - Merenja_Vezba3_DetekcijaGubitakainp
File Edit View Project Report Window Help

|[DEH & X s [y @ g o5 —~G KT

Energy

@8 Browser =]
+ Network Map 5

Calibration A Data | Map

Reaction

Full... Junclions -
10

Graph... 1

Tabl 1%
2 |

Opti 22
23
kil
3z

Soul i X
- -
Pump

Calibration\Report
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Poredjenje modeliranih i merenih pritisaka u dva cvora

% EPANET 2 - Merenja_Vezba3_DetekcijaGubitakainp
File Edit View Project Report Window Help

”DB”H Q‘X Status

" Jz+aaRo=gg—~F KT

Energy
++ Network Map . @A Browser [ X |
Reacti A Data |Map |
Full... Tank Junctions ~
= b
Table... ‘1|§
Options... ' o
Calibration Report Options = 5
32
Source —Calibrate Against———— a X
- 1]9
Pum

Cancel
—Meazured at Modes:
21 o
Calibration\Report V2 =t

Auto-Length Off | LPS H‘ 100% | ® 24789390
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Poredjenje modeliranih i merenih pritisaka u dva cvora - RMSE

% EPANET 2 - Merenja_Vezba3_DetekcijaGubitakainp - X
File Edit View Project Report Window Help

IDEE & X%
-

" Jz+aaRo=gg—~F KT

©+ Network Map

Calibration Report - Pressure

£ Stalisics || Conelation Plot | Mean Comparisans

o X

Calibration Statistics for Pressure =
Hum Observed Computed Mean RMS

Location Obs Mean Mean Error Error

21 24 80.58 80.55 0.043 0.051

23 24 83.22 83.21 0.046 0.056

Network 18 81.%0 81.88  0.045 @

Correlation Between Means: 1.000

Srednja vrednost RMSE za dva merna mesta

Ako nije zadovoljen kriterijum menja se potrosnja u
¢vorovima kao na slajdu #12 i ponovo pusta
proracun dok se ne dobije da je RMSE manji od
zahtevane vrednsoti.

| S

Auto-Length Off | LPS H‘ 100% | ® 24789390
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Stampanje dijagrama — vremenske serije (time series)

|zabrati jedan od
cvorova u kojima postoji
izmeren pritisak — jedan
klik na ¢vor

Auto-Length Off ‘ LPS a| 100z ‘ XA 4880, 93.80
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Stampanje dijagrama — vremenske serije (time series)

K

Stampanje dijagrama

Auto-Length Off ‘ LPS a| 100z ‘ XA 4880, 93.80
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Stampanje dijagrama — vremenske serije (time series)

% EPANET 2 - Merenja_VezbaS_DetekcijaGubitaka.inp.
File Edit View Project Report Window Help

DeEH&a BxalguaErms

" i a 0 oHg—~GNMT

] - -
$F Graph Selection — W |
Izabrati da se za ~Graph Type——— | [Obiect Type—————
v v | Ly Time Series * Modes a
¢vor stampa = |
. ™ Profile Plot ™ Links —_—
vremenska serija ~ oo Pl
" Frequency Plot ':"jES to Graph
|Zabratl " Systern Flow B &dd
promenljivu koja ~Parameter Detete |
‘e biti n <] et |
C.e. b tina \ | Elervation = ave P
- —{Baze D d -
Aagram \ s ot |
pritisa Detan I ]
IF'rzassure |
Chlarine
Ok Cancel | Help |

Auto-Length Off ‘ LPS a| 100z ‘ XA 4880, 93.80
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Stampanje dijagrama — vremenske serije (time series)

1111111111111111

111111111

——— Comput:

Losi rezultati

Dobri rezultati
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Za vise informacija o programu EPANET 2.0

https://nepis.epa.gov/Adobe/PDF/P1oo7WWU.pdf

https://www.youtube.com/watch?v=d58213gosYM&list=PLmWwzbjnL
bQ10uggBX6E6RBx5QBJTsBTL&index=1

Povezivanje EPANET-a i MATLAB-a (moZze da posluzi za automatsku detekciju gubitaka)

https://www.youtube.com/watch?v=7fQTeZomH8Q



https://nepis.epa.gov/Adobe/PDF/P1007WWU.pdf
https://www.youtube.com/watch?v=d58213q0sYM&list=PLmWwzbjnLbQ1oug9BX6E6RBx5QBJTsBTL&index=1
https://www.youtube.com/watch?v=7fQTeZ0mH8Q

