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MATEMATICKI MODEL KANALIZACIONOG SISTEMA
MARIBORA RADI UNAPREDENJA KANALIZACIONOG
SISTEMA | RADA PPOV-A
MATHEMATICAL MODELING OF THE SEWAGE SYSTEM FOR IMPROVEMENT
OF THE SYSTEM AND THE WWTP IN THE MARIBOR CITY

REZIME

U radu su kroz prikaz matematickog modela kanalizacionog sistema u Mariboru opisani uslovi i zahtevi za adekvatno funkcionisanje
savremenog postrojenja za preciscavanje upotrebljenih voda. Dato je uslovljenost funkcionisanja PPOV efikasno$¢u kanalizacionog
sistema, kroz kvantifikaciju procesa oticaja i kanalisanja kisnih voda. Misli se da se problemi kanalisanja i zastite Zivotne sredine u gra-
du (opstini) reSavaju izgradnjom PPOV, ali se ovde prikazuje da se tek otvaraju brojna pitanja. Neadekvatno kanalisanje kisnih voda
dovodi do plavljenja, spiranja zagadenja, erozivnog dejstva,i smanjenja sigurnosti odvijanja saobracaja i do neadekvatnog funk-
cionisanja PPOV. Neadekvatna pozicija i karakteristike objekata u kanalizaciji - preliva, razdelnih objekata i ispusta, neadekvatno ra-
spodeljuje vodu na zagadenu koja otic¢e do PPOV i prelivnu vodu koja otice u prirodu. Radi funkcionisanja kanalizacije i PPOV-e prika-
zan je deo projekata rekonstrukcije objekata kanalizacije.

Kljucne reci: Opsti sistem kanalizacije; PPOV; Matematic¢ki model SWMM,; Prelivi, ispusti; Maribor.
SUMMARY

This paper discuss conditions and constraints for WWTP operation using mathematical modelling of the sewage system for the city
of Maribor. Using results od SWMM model accounting for various phases of urban surface runoff also a description of conditions for
WWTP functioning. It is also emphasized that construction of WWTP opened numerous questions. When rainfall runoff drainage is
not solved it provokes floodings, surface spilling and erosion of pollutants and decrease of raffic safety, also a malfunction of WWTP.
A series of manholes, combined sewer overflows and outlets don't divide approach flow into flow towards WWTP and the rest into
the receiving waters. Several projects for reconstruction and improvement of existing waste water system in Maribor were designed
and parts of presented

Keywords: Combined sewer system; WWTP; Mathematical model SWMM; CSOs, outlets; Maribor.

UvoD - INTRODUCTION

Gradske povrsine grada Maribora su uglavnom po- = City of Maribor is mostly covered with combined se-
krivene kanalizacijom opsteg tipa, koji je tipi¢an za = wer system, which is typical for cities in Central Eur-
gradove u srednjoj Europi sa zajednic¢kim kanali- = ope with a common drainage of municipal and rain-
sanjem komunalnih i kisnih voda. Gradska opstina = fall waters. Municipality of Maribor ended two major
Maribor je u godini 2003 zavrsila dve velike investi- = investments in the area of sewerage in 2003:
cije u domenu kanalizacije: = . The main sewer collector from the dam in Melje
- Glavni kanalizacioni kolektor od brane u Melju = to Dogose, which allows the transport of all wa-
do Dogos, koji omogucava transport svih otpad- - ste waters from the city of Maribor to location of
nih voda grada Maribora do lokacije Centralog - Central WWTP and sewer collector Maribor - So-
postrojenja za otpadne vode i kanalizacijski ko- - uth, which allows the transport of waste waters
lektor Maribor - jug, koji omogucava transport = from the part of Municipality of Hoca - Slivnica
otpadne vode iz dela opstine Ho¢e - Slivnicai - and Municipality of Miklavz in the Dravsko Polje
opstine Miklavz na Dravskem polju na CPPOV - - to CWWTP - Figure 1.

Slika 1. =+ Central treatment plant in Dogose collect and
« Centralno postrojenje za precis¢avanje u Dogo- = treat all wastewater from: the city of Maribor,
$i prikuplja i pre¢is¢ava svu otpadnu vodu iz: - neighboring municipalities of Miklavz and Hoca
grada Maribora, susedne opstine Miklavz i opsti- = - Slivnica, including tertiary level of treatment.
ne Hoce - Slivnica, ukljucujudi tercijalni stepen = Central plant in Maribor has a capacity of
1 Prof. J. Despotovi¢, Z. Jovanovi¢, Doc. Dr. J. Plavsi¢Gradevinski fakultet u Beogradu, , CEKIBEO iz Beograda
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precis¢avanja. Centralno postojenje grada Mari-
bora ima kapacitet od 195.000 PE sa moguc¢no-
$¢u prosirenja na 285.000 PE. Kapacitet CPPOV
za biolosko precid¢avanje iznosi 5000 m3/h, za
primarno precis¢avanje i crpljenje u kanal HE
SD1 iznosi 7000 m3/h. Postrojenje za preciséa-
vanje postize veoma visok stepen procis¢avan-
ja, dok je izpust iz postrojenja bitno bolji nego
$to su zakonski zahtevi.

Dodatna merenja bioloskih parametara u Dravi niz-
vodno od Maribora, gde je pre izgradnje postrojen-
ja za otpadne vode oticala priblizno jedna trecina
neprecis¢enih otpadnih voda grada Maribor, poka-
zale su veliki stepen eutrofikacije Drave i potrebu za
tercijalnim preciS¢avanjem.

Program dovrsetka i tehnoloskog zaokruzenja kana-
lizacije ima dve glavne namene:

1. Zastitu od zagadenja znacajnih izvoda vode
mariborskog vodovoda. Mariborski vodo-
vod snabdeva pitkom vodom S$iru regiju gde
Zivi priblizno 180.000 stanovnika, pored
Gradske opstine Maribor jo$ dvanaest drugih
opstina. Zone sanitarne zastite su na podru-
¢ju osam opstina i to: Gradska opstina Mari-
bor, Hoce-Slivnica, Miklavz na Dravskem
polju, Race-Fram, Starse, Sentilj, Ruse i Selni-
ca. Naznacajniji vodni izvor je Vrbanski pla-
to, iz kojeg se dobiva 75-80% (cca 500 I/s)
potrebnih koli¢ina pitke vode, koju distribui-
ra Mariborski vodovod. Na Dravskom polju
su locirana crpilista Betnava, Bohova in Do-
brovce sa ukupnim kapacitetom 160 I/s.

2. Zasititu kvaliteta reke Drave (nacionalni park
Drava)

Prema generalnim resenjima predmetni projekat je
procenjen na oko 42 mil evra (bez PDV) i prijavljen je
za sufinasiranje iz kohezijskeg fonda Europske unije.
Obuhvata izgradnju 64 km kanalizacije, 18 vecih re-
tenzionih bazena i 36 crpilista. U sklopu izrade tog
projekta investitor Gradska opstina Maribor narucila
je dokumentaciju kod Instituta za ekoloski inZeni-
ring iz Maribora, koji je za izradu matematickog mo-
dela i uc¢esce u idejnim projektima kanalizacije anga-
zovao preduzece CEKIBEO i Gradevinski fakultet iz
Beograda.

Pored prosirenja mreze na prigradska naselja, koja
jos nisu priklju¢ena na gradsku mrezu, dva su glavna
zadatka rekonstrukcije gradske kanalizacije:

« Povecati sigurnost od plavljenja urbanizovanih
delova Maribora. Intenzivne kise u poslednjih
par godina, koje su prouzrokovale plavljenja, jos
su potencirale taj problem.

« Bolje koris¢enje CPPOV na nacin da se sve zaprl-
jane vode — komunalne i deo kisnih voda odve-
de na PPOV i predisti, uz detaljnu analizu i prora-
¢un ,prvog pluska- spiranja“.

195.000 PE with possibility of extension to
285.000 PE. CWWTP capacity for biological treat-
ment is 5000 m3/h, and for primary treatment
and outflow into the channel of HE SD1 is 7000
m3/h. Treatment plant achieves a very high de-
gree of purifying, while plant outflow is signifi-
cantly better than the legal requirements.

Additional measurements of biological parameters
in the river Drava, downstream from the Maribor,
which was the disposal location of almost one third
of the waste waters of the Maribor before the con-
struction of WWTP, showed a large degree of eut-
rophication and the need for tertiary treatment.

Finalization program of the sewer system has two
main purposes:

1. Protection of significant water sources of
Maribor waterworks. Maribor waterworks
supply with drinking water a wide region
with approximately 180.000 inhabitants,
twelve other municipalities beside the Muni-
cipality of Maribor. Zones of sanitary protec-
tion are in the area of eight municipalities:
Urban municipality of Maribor, Hoce-Slivni-
ca, Miklavz in the Dravsko Polje, Race-Fram,
Starse, Sentilj, Ruse and Selnica. The most
significant water source is Vrbanski plato,
from which it gets 75-80% (app. 500 I/s) of
the necessary quantity of drinking water,
which is distributed to Maribor waterworks.
Pump stations Betnava, Bohova and Dobrov-
ce are located in the area of Dravsko polje
with a total capacity of 160 I/s.

2. River Drava quality protection (Drava Natio-
nal park).

According to general solutions subjected project is
estimated at about 42 million euros (without VAT)
and is registered for co-financing from the European
Structural and Cohesion Funds. It includes the con-
struction of 64 km of sewage, 18 major retention ba-
sins and 36 pump stations. As part of making this
project the investor urban municipality of Maribor
ordered the documents at the Institute for Ecologi-
cal engineering from Maribor, which engaged com-
pany CEKIBEO and Faculty of Civil Engineering from
Belgrade for creation of mathematical models and
participation in the sewerage project ideas.

Beside expanding the network to suburbs, which are
not yet connected to urban network, there are two
main tasks of reconstruction of municipal sewage:

« Increase the flooding safety of urbanized parts of
Maribor. Intense rains in the last few years, which
caused flooding, have emphasized this problem.

« Better usage of WWTP, in the manner that all pollu-
ted water - communal and rainfall water should be
transfered and treated in WWTP, with detailed
analysis and calculation of “first flush phenome-

"

non-.
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Imajudi u vidu da je kanalizacioni sistem u Mariboru
opsteg tipa, da najstariji deo postoji vec¢ 150 godina i
da je izgradnja bila tokom razlicitih faza razvoja gra-
da, ocekivalo se da ¢e inspekcija otkriti veliki broj
objekata sa razli¢itim funkcijama i kriterijumima za
njihovo postavljanje u sistemu. Izmedu ostalih, to
su: zahvatne gradevine za stalne ili povremene po-
toke u sistem kanalizacije na severnim i juznim po-
¢etnim deonicama kanalizacije, sabirno-razdelne
gradevine u kojima se sabira doticanje iz nekoliko
cevi, a potom raspodeljuje u nekoliko drugih cevi,
razni oblici preliva, i konaéno, razli¢ite vrste ispusta u
Dravu i energetski kanal hidroelektrane Zlatoli¢je. U
sistemu postoje razlicite vrste cevi, kako se razvijala
tehnologija i saznanja o tome. Ova saznanja se i dal-
je proveravaju i upotpunjuju.

Osnovno obelezje kanalizacionog sistema je nivo ili
stepen zastite od kisnih voda, $to je najcesce kvanti-
fikovano propisanim merodavnim povratnim perio-
dima ili verovatno¢om pojave kisnih voda i plavljen-
ja od koje se stanovnistvo i imovina Stite izgradnjom
sistema za kanalisanje kisnih voda, opstim ili sepa-
ratnim za kisne vode. Zadatak klasi¢nih kanalizacio-
nih sistema je prihvatanje povrsinskog oticaja kisnih
voda slivnicima (sa krovova, ulica, platoa, pa i zele-
nih povrsina, pri pojavi jakih kisa), najbrze sprovo-
denje u cevni kanalizacioni sistem i ispustanje u reci-
pijente, bez precis¢avanja ili zadrzavanja oticaja. Ra-
¢unski ili merodavni povratni period kod klasi¢nih si-
stema je 2 godine, za opste sisteme 5 godina, a za
glavne - velike kolektore 10 ili vise godina. Kada se
radi o zahvatanju (pri) gradskih potoka — povreme-
nih ili stalnih, u kanalizacioni sistem, mogu se oceki-
vati poplave vec¢eg povratnog perioda od 10 godina,
npr. 20, 50 i 100 godina i zato je potrebno izgraditi
objekte i podsisteme za retenziranje poplavnih tala-
sa u okviru sistema. Uzvodno razdvajanje vedih oti-
caja kisSnih voda je predvideno na slivovima potoka
uzvodno od gradskog parka, kod gradskog stadiona
Branika, kod potoka Zokova graba u Melju i dr.

Savremenim sistemima se kiSne vode prikupljaju i
precis¢avaju Sto uzvodnije, ve¢ na krovovima, u sliv-
ni¢kim i revizionom oknima, u parkovima, u kolovo-
zima ili pored oticajnih povrsina u infiltracionim jar-
kovima i pre nego $to se kiSne vode sprovedu u cev-
ni sistem. Takode se zahvaceni vedi oticaji retenzira-
ju i precisc¢avaju u stalnim ili povremenim jezerima —
retenzijama. Racunski ili merodavni povratni perio-
du su vedii dati su standardima EN 754 [2].

MATEMATICKO MODELIRANJE

Postoje, u nacelu, dva pristupa za izu¢avanje funkci-
onisanje slozenog kombinovanog kanalizacionog si-
stema. To mogu biti merenja padavina - kisa, proti-
caja i parametara kvaliteta, i matematicko modeli-
ranje procesa oticaja, kanalisanja kisnih voda i kana-
lisanja industrijskih i komunalnih voda. Najbolje je
kada se u isto vreme mogu organizovati i merenja i

Bearing in mind that the sewage system in Maribor be-
longs to a combined type of sewer systems, the oldest
part is already 150 years old, and that construction was
done at various stages of city development, it was ex-
pected that the inspection will disclose a large number
of objects with different functions and criteria for their
placement in the system. Among others, these are: wa-
ter catchment objects for permanent or temporary
streams in the sewage system in the northern and so-
uthern sections of initial sewage, gathering-dividing
objects where the outflow from several pipes is being
gathered, and then distributed to several other pipes,
various forms of overflow, and finally, different types of
outlets in the river Drava and energetic channel of
hydroelectric plant Zlatolicje. In the system there are
different kinds of pipes, due to a development of tec-
hnology and knowledge. This knowledge is still chec-
ked and incomplete.

The main characteristic of the sewer system is the level
or degree of rainfall protection, which is commonly qu-
antified by proper feedback periods or probability of
occurrence of rainfall periods and flooding, from which
the population and property are being protected by ra-
infall drainage system, combined or separate. The task
of classical sewerage system is acceptance of surface
rain waters by drains (from roofs, streets, plateaus, and
green areas, in the case of severe rainfall), the fastest
drainage into sewage pipe system and discharge into
recipients, without treatment or outflow retention. Cal-
culative feedback period of the classical system is 2 yea-
rs, for combined systems is 5 years, and for the main -
large collectors is 10 years or more. As for the cat-
chment of (non-) urban streams - intermittent or per-
manent, in the sewage system can be expected floo-
ding of greater feedback periods than 10 years, for
example 20, 50 and 100 years and, therefore it is nece-
ssary to construct objects and subsystems for retention
of flood waves within the system. Upstream separa-
tion of larger rainfall outflows is predicted on the stre-
am basins upstream from the city park, near the city
stadium of Branik, near the stream Zokova Graba in the
Melje, etc.

With contemporary systems, rainfall waters are collec-
ted and treated as much upstream as it is possible, on
the roofs, in drains and retention shafts, in parks, in the
pavement or next to outflow areas in infiltration dikes
and before the rainfall waters are drained to pipe sys-
tem. Also, larger outflows are retained and treated in
intermittent or permanent lakes - retentions. Calcula-
tive feedback periods are greater and are given in stan-
dards EN 754 [2].

MATHEMATICAL MODELING

There are, in principle, two approaches to the com-
plex functioning of the combined sewer system.
These may be measurements of precipitation - rain,
flow and quality parameters, and mathematical
outflow process modeling, drainage of rainfall, mu-
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uspostaviti matematic¢ki model radi tariranja realnih
pojava u konkretnim uslovima. Prednosti simulta-
nog pracenja rada kanalizacionog sistema, merenja
proticaja i simulacija na matemati¢ckom modelu su
brojne, kao npr. neposredno se uoc¢avaju nedostaci,
pojave se proveravaju na modelu i projektuju rekon-
strukcije prosirenjai sl.

Merenje padavina se ne moze smatrati reprezenta-
tivnim jer je jedina sluzbena kiSomerna stanica AR-
SO na mariborskom arerodromu, cca 15 km juzno od
grada. U gradu postoji jos ,nesluzbena” stanica u ju-
znom delu, u blizini Mariborskog vodovoda i jedna
na PPOV.

Ciljevu uspostavljanja matemati¢kog modela su:

1. Odredivanje kriticnih mesta u kanalizacio-
nom sistemu i odredivanje verovatnoce po-
jave izlivanja iz kanalizacije i plavljenja.

2. lIspitivanje funkcionisanja preliva u funkciji
obezbedenja od izlivanja zagazenih voda u
Dravu i otvorene kanale kao recipijente.

3. Eliminacija cistih voda iz sistema kako bi se
smanjilo opterecenje na PPOV.

4. Mogucnost adekvatnog razdvajanja ¢istih od
viSe zagadenih voda na obodu mariborskog
polja

5. Ispitivanje rada postojecih kolektora i preli-
va promenom dinami¢kog modela kanaliza-
cije.

U konkretnim uslovima iskustva steCena merenjima i
uspostavljanjem matematickog modela kanaliza-
cioog sistema u Mariboru bazirana su, pre svega, na
detaljnoj inspekciji prakti¢no svih znacajnih objeka-
ta (Sto predstavlja oko 600 radnih dana), i jo$ uvek
nisu re$ene sve nedoumice. Takode je vizuelno utvr-
dena i pogonska hrapavost vecih i starijih cevi i ko-
lektora, kao i karakteristike prelivnih gradevina u ka-
nalizacionom sistemu u Mariboru.

Na slici 1 se moze videti dispozicija kanalizacionog
sistema sa glavnim kolektorima, sve do PPOV, recipi-
jent reka Drava i energetski kanal hidrosistema. Di-
spozicija sistema ukazuje da se sistem bazira i kon-
trolise u hidraulickom smislu, ali i sa aspekta kvalite-
ta, na vekom broju preliva na glavnim kolektorima.
Bitna karakteristika je pozicija preliva u odnosu na
energetski kanal i Dravu, ta¢nije uticaj nivoa u dva
recipijenta kojima se kontrolise prelivanje na objek-
tima.

Na slici 1 su dati glavni kolektori: Levoobrezni (sever-
ni) — Lo, koji se zavrsava c.s. u Melju, Desnoobrezni,
Tezno li ll'i drugi, ali se u ovom radu primena mate-
matickog modela ilustruje opisima o dva kolektora.
Treba uociti da se prelivi na levoj obali prelivaju u
Dravu, dok se prelivi kolektora Tezno | prelivaju u
Strazunski kanal (o ¢emu vise reci kasnije).

Uoceni problemi su brojni, iako je izgradeno PPOV
$to za mnoge predstavlja definitivno reSenje pitanja

nicipal and industrial waters. Best situation is to or-
ganize in the same time both measurements and
mathematical modeling in order to treat real pheno-
menon in concrete conditions. Advantages of simul-
taneous monitoring of sewer systems, flow measu-
rement and simulation of mathematical model are
numerous, such as: direct observation of defects,
phenomenon is verified on the model, projection of
future reconstruction, etc.

Measurement of rainfall can not be considered re-
presentative because the only official rainfall gau-
ging station ARSO (The Environmental Agency of
the Republic of Slovenia) is in Maribor airport, ap-
proximately 15 km south of the city. There are more
"unofficial" stations, such as those in the southern
part, near Maribor Waterworks and one on the
WWTP.

The objectives of establishing the mathematical
model are:

1. Determination of critical points in the sewer
system and determination of the probabi-
lity of occurrence of overflows from sewer
system and flooding.

2. Examination of overflow in the function of
securing the polluted water from being di-
scharged into the river Drava and open
channels as recipients.

3. Elimination of clean water from the system
in order to reduce the burden of WWTP.

4. The possibility of an adequate separation of
clean from more polluted water at the edge
of Maribor area.

5. Examination of the existing collectors and
overflows by changing the dynamic model
of sewer.

In concrete conditions experiences gained by mea-
surements and establishing mathematical models
of sewer system in Maribor, are based primarily on
the detailed inspection of practically all major objec-
ts (which represents about 600 work days), but it
still have not solved all the doubts. Also, there was
visual determination of surface roughness of larger
and older pipes and collectors, and characteristics of
overflow objects in the sewer system in Maribor.

In Figure 1 we can see disposition of sewer system
with the main collectors, up to WWTP, recipient ri-
ver Drava and energetic channel of the hydro sys-
tem. Disposition of the system indicates that the
system is based and controlled in the hydraulic sen-
se, and also from the aspect of quality, on the large
number of overflows on the main collectors. Rele-
vant characteristic is the location of overflows in re-
lation to the energetic channel and river Drava, na-
mely the impact of levels in the two recipients
which is controlled by the overflow objects.
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Slika 1. Dispozicija kanalizacionog sistema, polozaj recipijenata i granice
naselja u Mariboru

Figure 1. Disposition of sewer system, location of recepients and city limits of
Maribor

otpadnih voda u nekom gra- |
du za sva vremena: prelivan-
je na nekim prelivima za vre-
me pojave i slabijih kisa,
dakle u periodima kada ne
bi trebalo da preliva, na dru-
gim prelivima, pak, veoma
malo prelivanje pri pojavi vr-

= DOVOD SA SLIVA
INFLOWY WATERS

PRELIV U STRAZUNSKI POTOK

In Figure 1 are given the main col-
lectors: Levoobrezni (north) - Lo,
ending in Melje, Desnoobrezni,
Tezno | and Il and others, but in
this paper the application of mat-
hematical model is illustrated
with description of the two col-
lectors. It should be noticed that
the recipient of overflows on the
left bank is river Drava, while the
recipient of the collector Tezno | is
Strazun channel.

S _ The observed problems are nu-

merous (despite constructed
WWTP which would be an ultima-
te solution for urban waste wa-
ters for all time), such as: overflo-
oding on some overflows during
even small rainfalls, and on other
side very small overflooding du-
ring the severe rainfalls, distribu-
tion of the total inflow in certain
objects - shafts, on two or more
drains, without an analysis of real
drainage power, or even appro-
priate geometry .

DUPLEK

lo jakih kisa, izlivanje znat-
nih voda iz kanala za kisne
vode, raspodela ukupnog
doticaja u nekim objektima

OVERFLOWY IN STRAZUN STREAM

KOLEKTOR TEZNO
TEZNO COLLECTOR

STRAZUNSKI POTOK-ULIVA SE U DRAVU
STRAZUN STREAM JOINS THE RIVER DRAVA
PRELIV-RASTERETN| OBJEKAT-TEZNO | do X

I
- oknima, na dvaiili vise od- O
voda, bez analize realnih od-
vodnih modi, pa ¢ak ni od-
govarajuce geometrije...

OVERFLOW OBJECTS TEZINO |

TO X

Slika 2. Deo kolektora Tezno | sa dovodima sa podslivova do preliva i ispustima u

Strazunski kanal

Figure 2. Part of the Tezno | collector with inflows from substreams to overflows

Na slici 2 je prikazan deo ko-

lektora Tezno | sa prelivima i

Strazunskim potokom kao recipijentom prelivenih
voda.

Na pojedinim delovima grada su tokom vecih pada-
vina uoceni problemi, kao $to je izlivanje kanalisane
vode iz sistema, znacajne koli¢ine vode na kolovo-
zima, i sl. koris¢enjem razvijenog matematickog mo-
dela su simulirane i potom predlozene rekonstruk-
cije na pojednim podsistemima, i to: TomSsiceva, Ta-
borski kolektor, Strosmayerova i Svetozarevska [4].

Na sledecoj slici 4. su prikazani osnova i presek tipi-
¢nog preliva koji je projektovan i dimenzionisan pre-
ma klasi¢nim procedurama ATV [6]. Za modeliranje

and outlets in the Strazun channel

Figure 2 shows part of the collector Tezno | with
overflows and Strazun stream as the recipient of
overflow water.

In some parts of the city some problems can be ob-
served during major rainfalls, such as overflooding
of drained water from the system, significant amo-
unts of water on the pavements, etc. Using the de-
veloped mathematical model some reconstructions
are then simulated and suggested, such as recon-
structions of the following objects and streets: Tom-
siceva st., Tabor collector, Strosmayer st. and Sveto-
zarevska st.[4].
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Slika 3. Dva karakteristi¢na preliva na kolektoru Tezno lispred Strazunskog kanala
(v.sl.2)

Figure 3. Two characteristic overflows on the Tezno | collector before Strazun chan-
nel
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The following Figure 4 shows a
basis and cross-section of a typi-
cal overflow which is designed
and dimensioned according to
conventional procedures ATV [6].
SWMM program package is se-
lected for the modeling of outf-
low process and sewer system
[7]. The modeling used the follo-
wing background:

« Topographic -  digitized
maps, sewer objects, streets,
objects and orthophotos.

« All available installation ca-
dastres, with additional re-

-C  opvop
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- +3.12
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Slika 4. Osnova i presek C-C jednog tipi¢nog preliva projektovanog po klasi¢noj proceduri ATV [6]
Figure 4. Basis and section C-C of one tipical overflow project using the conventional procedure ATV [6]

procesa oticaja i sistema kanalisanja izabran je pro-
gramski paket SWMM [7]. Za modeliranje su korisce-
ne sledece podloge:
- Topografske - digitalizovane karte, objekti kana-
lizacije, ulice, objektia i orto fotografije.
- Katastar instalacija, svih raspolozivih, uz dodat-
na snimanja.
+ Rezultati merenja - zapremine doticaja, potro-
$nje vode, proticaja na pojedinim profilima.
« Hidrogeoloske, hidropedoloske i geomehanicke
podloge.
« Planovi predvidene urbanizacija i izgradnje u
Mariboru.
+ Gradevinske podloge postojeceg kanalizacio-
nog sistema, ukljucujudi projekte objekte i
PPOV.

Date visine kiSe za data trajanja mogu se preracunati
u merodavne intenzitete. Medutim, realne kise, koje

cording.

« Measurement results — inflow volume, water
consumption, water flow in some sections.

+ Hydrogeological, hydropedologic and geomec-
hanic background.

« The plans for urbanization and construction in
Maribor.

« Construction of the existing sewer system, in-
cluding projects and objects of WWTP.

Observed amounts of rainfalls for subjected periods
of time can be converted into proper intensity. Ho-
wever, the real rainfalls, which are represented by
calculated rains, are extremely unequal in space and
time. On several occasions, different amounts of ra-
infalls were observed on various rainfall gauging
stations. This phenomenon will be investigated in
the following stages for finer outflow analysis in the
sewer system.
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Tabela 1: Visina eksteremnih padavina u (mm) po Gumbelovoj metodi od ARSO)
[1] KiSomerna stanica MARIBOR - Tabor, period : 1948 — 2006.

Table 1: Amount of extreme rainfalls in (mm) using Gumbel method according to
ARSO [1] rainfall gauging station in Maribor - Tabor, period: 1948 — 2006.

Hydraulic calculations
were made for different
precipitation and feed-
back periods of 2, 5and 10
years and up to 9o minu-

Trajanje(min) 2god 5god 10 god 25 god 50 god 100 god tes.
T (min) 2 year 5year 10 year 25 year 50 year 100 year In Figure 5 is schematical-
5 min 8 1 12 15 17 18 ly shown the work of divi-

- ding overflows according
10 min n 15 18 22 24 27 .

: to conventional model -
15min b 9 i i 3 3 without retentions and re-
20min 1 2 % i 4 8 ductions of maximum in-
somin 8 » 2 i 39 i flow using conventional
45 min i 29 4 40 4“4 49 dimensioning and overf-
60 min 3 3 36 43 48 53 lows with retention shafts
90 min 26 35 4 49 55 60 with reduced maximal in-
120 min 28 37 44 52 58 64 flows.

180 min 32 Al 47 55 61 67
240 min 35 45 51 59 65 71
300 min 38 48 54 62 68 74

su reprezentovane racunskim kisama su izuzetno
neravnomerne po prostoru i po vremenu. U vise na-
vrata, na mnogim lokacijama su osmotrene razlicite
visine kisa na kiSomernim stanicama. O tom fenome-
nu ce se povesti racuna u slede¢im fazama radi finije
analize oticaja u kanalizacionom sistemu.

Hidrauli¢ki proracuni su uradeni za razli¢ite padavi-
ne i to povratnih perioda od 2, 510 godina i trajanja
do 90 minuta.

Na slici 5 je shematski prikazan rad rasteretnih preli-
va prema klasi¢cnom modelu bez retenziranja -
usporenja i smanjenja maksimuma doticaja do preli-
va prema klasi¢nom dimenzionisanju i preliva sa re-
tenzionim bazenom kada se smanjuju maksimalni
doticaji.

PRVI TALAS - PRVO SPIRANJE (,FIRST
FLUSH")

Prvi talas (u terminologiji first flush”) predstavlja pr-
vi deo kisnog oticaja koji je najzagadeniji, jer spira
nataloZene zagadujuce materije kao $to su teski me-
tali, organski otpaci i dr; smatra se da koncentracija
mnogih zagadenja opada nakon izvesnog klimaksa,
kao Sto je dato na slici 6, na kojoj je karakteristi¢an
primer oticaja usled kise koja je padala u periodu od
oko 6 sati i oticaja od te kiSe na izlazu iz kanalizacije.
Date su slike uzorkovanog oticaja gde se po mutnodi
vidi da ve¢ posle 1 sat dolazi do znatnog bistrenja a
da je zatim voda sve (istija. Taj deo oticaja, u ovom
primeru je to prvi sat, se precis¢ava a taj deo hidro-
grama je zapremina prvog talasa [3].

Kod analize kriterijuma za prelivanje analizirana su
dva poznata kriterijuma da od ukupnog ukupnog
doticaja za vreme kise na precis¢avanje se upucuje

FIRST WAVE - FIRST FLUSH

First wave (in the terminology "first flush") is the first
part of the rainfall outlet which is highly contamina-
ted, because it flushes the aqueous pollutants such
as heavy metals, organic waste, etc. It is believed
that the concentration of many pollutions decreases
after a certain climax, as given in Figure 6, which is a
characteristic example of rainfall outflow in the peri-
od of about 6 hours and outflow of that rainfall at
the sewer outlet. In the following, there are pictures
of sampled outflow, where we can observe a signifi-
cant purification of water using the measured turbi-
dity. Date of sweling sampled images where the fuz-
ziness seen that already after 1 hour there is a signifi-
cant clarification and that then all the water clea-
ner. That part of outflow, in this example it is the
first hour, is treated and that part of hydrograph is
the volume of the first wave [3].

Two known outflow criteria were analyzed; during
the rainfall first 15 I/s/ha (according to the ATV), or
initial 15 mm/h (EPA) are treated [3], [5] .

The main objectives for establishing works are follo-
wing:

- Establishing general criteria for the calculations
and dimensioning of elements and systems, in
order to improve the functioning of security sys-
tems. This would mean prevention of frequent,
even unnecessary overflow in the river Drava
and energetic channel even for the rainfall pro-
bability of 20% (5 years) or 10% (10 years) which
is accordance to the latest EN 754 recommenda-
tions. Also, to define probable overflow areas
and to determine the economic protection cri-
teria. These criteria must be economically justifi-
ed which could be interesting for countries with
these problems. Selective application of EN 754
requires the application of proper hydrographs



64

Opsti sistem
Combined system

Okno
Shalfi

PPOV
WWTP

Opéti sistem
Combined system

Okno
Shaft

PPOV
WWTP

Recipijent / reka
Recepient / river

- susno vreme
- dry weather

Retencioni bazen
Retention shaft

Recipijent / reka
Recepient / river

- tokom ki$nog vremena
- during the rainfall

Retencioni bazen
Retention shaft

P “ Pad 4
— Opsti |:"> Okno :>| |::> PPOV
O‘pﬁtl ) 1stem ————~ Okno :4:'::; PPOV sistem Shaft WWTP
Combined Shaft WWTP Combined
svysiem
/ system
_ prvi talas - nastavak kise Recipijent / reka

— first wave Recipijent / reka

Recepient / river

- rain continuation

Recepient / river

Slika 5: Funkcionisanje - rad rasteretnog preliva u susno vreme ili tokom kise, odnosno sa retenzionim bazenom u
susno vreme ili pri pojavi kiSnog oticaja

Figure 5: Operation of dividing overflow in dry weather or during the rainfall, with retention shaft at dry weather or

during the rainfall

prvih 15 I/s/ha (prema ATV), odnosno pocetnih 15
mm/h (EPA) [3], [5].

Osnovni ciljevi uspostavljanja radova su slededi:
« Utvrdivanja najpodesnijeg opsteg kriterijuma za

prorac¢une i dimenzionisanje elemenata i siste-
ma ali i radi povecanja funkcionisanja sigurnosti
sistema. To bi znacilo sprecavanje Cestih, ¢ak ne-
potrebnih prelivanja u Dravu i energetski kanal
¢ak i za kiSe verovatnoce 20% (5 godina p.p.) ili
10% (10 godina p.p.) $to je u skladu sa najnovijim
preporukama EN 754. Takode, da se za razlicite
verovatnoce definiSu verovatne zone izlivanja i
utvrde ekonomski kriterijumi zastite. Za ove kri-
terijume se sagledava ekonomska opravdanost
$to bi moglo da bude posebno interesantno u
drzavama u kojima predstoji reSavanje ovakvih
problema. Selektivna primena EN 754 zahteva
primenu merodavnih hidrograma razlicitih po-
vratnih perioda za pojedine posebno znacajne
delove grada, podvoznjake, saobracajnice...
Ekonomicniji pristup koris¢enja kanalizacionog
sistema kroz usporeno oticanje kisnih voda na
otvorenim ili zatvorenim povrsinama na slivu i
retenziranja kanalisanog oticaja i ispustenih ko-
munalnih voda u cevovodima pogotovu vedih
zapremina, radi formiranje $to veéeg retenzio-
nog prostora i smanjenja mamaksimuma hidro-
grama oticaja.

Precizna analiza tzv. ,prvog talasa spiranja” (first
flush) radi smanjenja prelivanja zagadanih voda
u recipijente (uz proveru kriterijuma koje vaze u
razvijenim zemljama) za sisteme atmosferske ka-
nalizacije i za kombinovane sisteme, sa tretma-
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Slika 6. Shematski prikaz hidrograma, pro-
mene mutnoce i prvog spiranja (first flush ) [4]
re 6. Schematic view of hydrograph, change of tur-
bidity and first flush [4]

of different feedback periods for some particu-
larly significant parts of the city, underpasses,
roads ...

Economical approach to the operation of sewer
system through reduced rainfall outflow in
open or closed watershed and retention of drai-
naged outflow and discharged municipal waters
in pipelines with larger volumes, in order to
form the larger retention space and reduce the
maximum of outflow hydrograph.

Accurate analysis of the first flush in order to re-
duce the overflow of polluted waters into recipi-
ents (regarding the criteria which are applied in
developed countries) for atmospheric and com-
bined sewer systems, with waste water treat-
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nom zagadenjih voda i prema uslovima zastite
recipijenta. Nekada su prelivi projektovani i iz-
gradeni da sprovedu odredeni - definisani broj
prelivanja tokom godina, dok je savreni pristup
potpuno drugaciji [2], [3].

 Formiranje uslova za izradu kriterijuma o zaga-
denim vodama, merenjima i modeliranju.

Izmedu ostalih, usvojeni su sledeci parametri za po-
jedine faze oticanja sa slivnih povrsina:

« Parametri po Hortonu za maksimalnu (u opsegu
od 5 do 20 mm/h) i minimalnu (u opsegu od 1 do
3 mm/) infiltraciju za razne terene na razli¢itim
podslivovima, uz razli¢ite kapacitete tla.

« U centralnim zonama nepropusne povrsine na
podslivovima su do 70%, ali su drugde i manje.

+ Pad je od 1% sa platoa i krovova, ali su pojedine
ulice i nepropusne povrsine nagiba do 20%.

« Retenzioni kapacitet terena na nepropusnim po-
vrSinama je 5 mm, sa npr. 75% povrsine, a o0 na
25% povrsine (krovovi), dok je na propusnim po-
vrsinama retenzioni kapacitet i do 15 mm.

« Obuhvaceno je 0.73 ha povrsina sa kojih se voda
uvodi u sistem ispred preliva.

Na slici 7 je prikaz karakteristi¢nih i vrlo korisnih re-
zultata matematickog modeliranja oticaja u levoo-
breznom kanalu u profilu c.s. Melj, tj. u c.s. Melje.
Mogu se videti dijagrami zapremina doticaja, isti-
canja, plavljenja i zadrzavanja u sistemu na levoj
obali Drave [5].

Modeliranje nije zavrseno, naprotiv. Poslednji doga-
daji od kraja maja 2009. g. kada je doslo do plavljen-
ja na nekoliko lokacija, i to: iz Strazunskog kanala, na
slivu Trznice na Taboru, na slivu Razvanja i dr. zahte-
vaju nove prorac¢une. Padavine su izmerene kod
PPOV: dana 22.5.2009. od 36.5 mm, a dana 26.5.2009
ukupno 88.5 mm. Analiza oticaja sa razlicitih pripa-

Ponasanje sistema

ment according to the conditions of recipient
protection. In the past, overflows were designed
and constructed to implement certain - defined
number of overflows during the years, while
contemporary approach is completely different
(2], [3].

« Creating the conditions for making the criteria
on waste waters, measurements and mode-
ling.

Beside others, following parameters are adopted for
each phase of overflow:

« Parameters per Horton for maximum (in the ran-
ge of 5to 20 mm / h) and minimum (in the range
of 1to 3 mm /) infiltration for various terrains on
different watersheds, with different soil capaci-
ties.

« In the central zones impermeable surface on
sub-watersheds are up to 70%, but less elsewhe-
re.

« The fall is 1% from the plateau and roofs, but so-
me streets and impermeable surface slopes up
to 20%.

« Retention capacity of impermeable surfaces is 5
mm, with eg. 75% of the surface, and o mm on
25% of the surface (roofs), while on the perme-
able surfaces retention capacity of up to 15 mm.

+ 0.73 ha of the surface from which water is drai-
ned into the system before the overflows, is ta-
ken into the consideration.

In Figure 7 is a view of the characteristic and very
useful results of mathematical outflow modeling in
the Melje section of Levoobrezni channel. Diagrams
of the inflow volume, outflow, flooding and retenti-
on in the system on the left bank of the river Drava
is also presented [5].

Modeling is not completed, on the contrary. The last
events at the end of
May 2009 when there

ukupan doticaj Vs plavnjenje Vs izlaz Is

was flooding in several
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Slika 7. LevoobrezZni kanal - profil c.s. Melje: Zapremina ukupnog doticaja, zapremina
isticanja sa sliva, zapre-mina retenzirana u sistemu i zapremina poplavnih voda za 2 g.

kise trajanja 40 minuta [5].

Figure 7. Levoobrezni channel - profile of the p.s. Melje: Amount of total inflow, volume
of outflow from the watershed, retained volume in the system and volume of rainfall for
2 years during the 40 minutes [5].

surfaces, both individual
and mutual, which are
connected with paralel
pipes or in series, to the
revision shafts, using
the outflow calculation
method TR 55 (SWMM),
respecting the infiltra-
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dajucih povrsina, kako s pojedinacnih tako i zajedni-
¢kih, koje su povezane poralenim cevima ili u seriji,
na reviziona okna, proracunom oticaja metodom TR
55 (SWMM), uz postovanje infiltracionih karakteri-
stika tla, prostornu distribuciju propusnih i nepropu-
snih povrsina, retenziranja vode na slivu, isparavanja
i dr, u dve faze:

« Analiza protoka u sistemu na bazi kompletnih
Saint Venant-ovih jednacina, tako da se osigura
jednacina kontinuitetna uz izjednacavanje ener-
gije u svim presecima ud znacaja (dinamicki ta-
las).

« Pri proracunu se racunaju zapremine — kontrol-
ne, u cevima, poplavne, istekle iz sistema.

ZAKLJUCAK

Rad na ovom
projektu zahteva =
slozeni pristup

koji ukljucuje ne-
prestanu doradu
podloga, modeli-
ranje, merenje,
pracenje efekata
pri pojavi realnih
kisa i oticaja, pa i
poplava, radi
kompletiranja i
$to boljeg upoz-
navanja funkcio-
nisanja kanaliza-
cionog sistema,
da bi se parame-
tri pojedinih
podmodela sto

Slika 8. Prelivanja za vreme jakih kisa u junu 2009. g. koje je posluzilo za 1.

tion soil characteristics, spatial distribution of per-
meable and impermeable surfaces, water retention
in the watershed, evaporation, etc., can be divided
in two phases:

« Watreflow analysis on the basis of complete Sa-
int Venant equations, in order to ensure conti-
nuity equation with equalization of energy in all
significant sections (dynamic wave).

« Volumes - controled, in pipes, flooding, outflo-
wed from the system are taken into considera-
tion during the calculation.

CONCLUSION

Work on this project requires a complex approach
which involves constant refinement of background,
modeling, measu-
ring, monitoring of
. the effects during
| the real rainfall and
| outflow, and floods,
in order for better
. understanding of
| sewage system, for
better estimation of
parameters of certa-
in sub-models and
- their usage for futu-
~ re conditions

| In the first step are
given experiences
| and conclusions in
applying the deve-
. loped mathemati-
cal model SWMM:

realnije procenili UL Model sho-
i potom koristili modeliranje wed weak
za buduce uslo- Figure 8. Overflooding during the severe rainfall in the June 2009, which places in
ve. was used for modeling the system

and helped

U prvom koraku su data iskustva i zakljucci u prime-
ni razvijenog matematickog modela SWMM:

1. Model je pokazao slaba mesta u sistemu i
pomogao da se da predlog poboljsanja,
odnosno da se urade projekti viseg nivoa sa
preciznijim grani¢nim uslovima.

2. Ustanovljeno je kakvi su problemi sa podlo-
gama, prvenstveno katastrom instalacija i
postojec¢im objektima i iste su za ovaj proje-
kat doradene u velikoj meri.

3. Sa ovim modelom koji je razvijen po pojedi-
nim podslivovima je mogucée uraditi parcijal-
ne analize rizika od plavljenja za razna
podrucja u Mariboru, ali i efekte buduce ur-
banizacije, odnosno definisanje urbanisti-
¢kih uslova za izgradnju novih objekata.

4. Model daje osnov za dalja unapredenja koja
su uslovljena sistemskim merenjima koli¢ina
i kvaliteta, razvojem i tehni¢kim resenjima

to improve the suggestions, or to make
projects with higher levels of precise limit
conditions.

2. Problems with backgrounds were determi-
ned, primarily with the installations cada-
stre and existing objects and these were
corrected.

3. With this model which has been developed
by individual sub-watersheds, it is possible
to make partial flooding risk analysis for vari-
ous areas in Maribor, and also the effects of
future urbanization, and the definition of ur-
ban conditions for the construction of new
facilities.

4. Model provides a basis for further improve-
ments which are conditioned by the system
measurement of quantity and quality, deve-
lopment and improvement of technical so-
lutions on overflows, collecting missing



67

unapredjenja rada na prelivima, prikupljan-
jem nedostajuc¢ih podloga iz katastra, a pr-
venstveno podataka o} objektima,
detaljnijom budu¢om urbanizacijom.

5. Model bi u budu¢nosti pored simulacionog
mogao da bude i upravljacki narocito po pi-
tanju zapremina, rada crpnih stanica i kon-
trolnih zatvaraca.

U projektu koji se jos radi predloZene su brojne mere
i radovi, prema slede¢em sadrzaju:

1. Promena kote preliva ili Q-H krive (uz regula-
tore kote prelivanja kod Ul. Strosmajera).

Izrada novih preliva.
Regulisanje proticaja u kanalima, uz ispu-
Stanje iz retenzija u kolektore.

4. Zamena cevi u kanalima ili izrada novih ka-
nala.

5. lzrada retenzionih bazena (Juranci¢, novi ba-
zeni na kolektoru Tezno I).

6. Promena kapaciteta crpki u crpnim stanica-
ma (c.s. Studenci).

7. lzrada mikroretenzija na nivou kuc¢nih insta-
lacija ili kompleksa.

8. lzrada postrojenja za tretman sa bajpasom.

U sadrzaju prijavljenog projekta za kanalizaciju Mari-
bora je oprema za merenje protoka i daljinsku kon-
trolu i upravljanje. Predvidena oprema sadrzi: raste-
retna okna, prigusivace oticaja sa meracima protoka,
pomerljive - podesive prelive, merace visine vode -
prelivnog mlaza na prelivu i dr. Na retenzionim ba-
zenima: prigusivace, merace protoke kroz prigusi-
vac, merace visine vode na prelivu, merace protoka
na ulazu i merace visine vode u bazenu. U crpnim
stanicama merace protoka, i kontinualne pluviogra-
fe na 6 mesta.

Konacno, krajnji cilj kompletnog i sloZzenog projekta
je uspostavljanje modela za upravljanje sistemom
mariborske kanalizcije u realnom vremenu, koji ¢e
biti koordiniran sa radom PPOV i ARSO modelima
prognoze nailaska padavinskih oblaka, radi sman-
jenja poplava i zagadenja.
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at Strosmajer st.).
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wage includes the equipment for flow measure-
ment and remote control and management. Predic-
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Finally, the ultimate goal of complete and complex
project is to establish a model for system control of
Maribor sewerage in real time, which will be coordi-
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forecasts predictions, in order to reduce flooding
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