MANAGING THE QUALITY OF
STORMWATER®PRAVLIANJE
KVALITETOM ATMOSFERSKIH VODA

D2N}y {SldAf Ao6%X
University of Montenegro , Faculty of Civil Engineering

University of Nis

&) SWa '

This project has been funded with support from the European Commission. This publication reﬂélcts the
! views only of the author, and the Commission cannot be held responsible for any use which may be
! made of the information contained therein 1

Strengthening of master curricula in water resources
management for the Western Balkans HEIls and stakeholders
Project number: 597888-EPP-1-2018-1-RS-EPPKA2-CBHE-JP

Co-funded by the
Erasmus+ Programme
«of the European Union

L@yl 0ALNI Y

www.swarm.ni.ac.rs

) SWairm

The urban planning affects
natural hydrological cycle
obviously as increasing
surface runoff, decreasingof
infiltration and evaporing
transpiration The increasing
of runoff includes higher
probability of flooding of
urban areasprimarily Urban
planning also affects
decreasing of water
undergroundsuppliesas well
as quality of all waters, both
groundandunderground

TRODUCTIONYOD

Co-funded by the
Erasmus+ Programm
of the European Union

Uticaj urbanizacijena prirodni

K A R N2 dikki©de fogleda u

LJ2 @S 6 LIy @ NAD Aojicajg 2 3
smanjenja infiltracije i
evapotranspiracie t 2 3So6 yaS$s
oticaja podrazumjevai @S o dz
VISN2 @I (i pla@ljenia prije
svega  urbanih prostora
Urbanizacija (i I | 20d3(8A 6a$S
smanjenje zaliha vode u
podzemlju i na kvalitet svih
voda LJ2 @ NDipgtizeindink
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Productsof buming,substancesnade
out of wamed out vehicde parts,
industrial polluton products etc. are
precipitates from the atmosphere on
urban areas During rains, these
substances are separated from the
ground and transported by runoff, which
makes runoff quality endangered
comparing to its natural condition.
Preseninghe environmentmustcontain
treating of stormwater runoff, including
all technical measureswhich contribute
to it, suchasbuildingof cargooverflows
in mixed sewage system etc. The
ultimate goal of managing the
stormwater runoff quality is decreasing
of negativeeffectsof human activities.
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NaurbanimLJ2 @ ND &ejzlatiidsfere

i f pradSkt sagorjevanja materije
nastale habanjem djelova \wozilg
produkt industijskogi I 31 SiSdy 2 I
Tokom padavina ove materije bivaju
odwjeneod podlogei transportovane
oticajem pii 6 S Yjezkvalitet oticaja

Y I NHzOd#lybsu na prirodno stanje
ho ST o238 $ DHIANICR siiedirte
mora & | R Nietraiijg | A O yiizah,
dz] t 2 dzéwizd &&KN miefle Koje
tomedoprinosekaoO {j@npr.izgradnja
rasteremih preliva u Y2S02 @A
kanalizaciononsistemu i sl. Krajnji cilj
upravljanjakvalitetom 1 A O gftigajh je
prije  svega smanjenje negativnih
uticajaod ljudskih aktivnosti.
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ISSUDFQUALITOFSTORMWATERUNOFF PROBLEMATIKA
KVALITETAL ~ HOTIDAJA

Difficultiesin satisfyingneeds ¢S01 2 @S uspostavijanju
regardingrequiringqualityof a zahtjevau pogleduzahtjevanog
stormwater runoff before its kvaliteta 1 A O yoficBja prije
discharging originate in A & LJdzO G suy 2uzrokovane
accidental features of af dz6 | kashlkeyom pojave
stormwaterNXzy” 2app€adidg, 1 A Oy 2 8ticaja, velikim
large changes in flows, promjenamaproticajg N} T £ A 6 A
different pollutions that can zagadenjim&ojasemogujaviti i
appear and big variations of velikim varijacijama
pollution concentration, both koncentracija zagadenja kako
in basinspaceandfor a certain prostorno po slivy tako i po
periodof time. vremenu
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ISSUBDFQUALITYOFSTORMWAT BRUNOFF PROBLEMATIKA

KVALITETAL ~ BOTIDAJA

Various basin surfaces act
differnety regarding the
atmospheric munoff  from
them. With impermeable
surfaces the first runoff (first
flush) releases the most
polluton, because the rain
washes the impurties on
impemeable surface first
(highway, pedestian zones,
roofs, etc). Most permeable
surfaces (lawns, soil) do not
show signs of initail highly
polluted rmnoff, yet the
quantity of pollution primarily
depends on intensity and
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whk Tt A @R BID rshiuba

NI T f de BIR if 2 RQedeBjelai
pitanju uticaj atmosferskog
oticajasanjih. Kodnepropusnih

LJ2 NP thlas oticaja nosi

Yyl 2@A@$ $ Ry \bda u
LJ26Siispia Yy S6A a2
akumulirane na nepropusnoj
LJ2 @ ND kolbioz trotoari,
krowvi, i sl) Kod @So6AvYy 9
propusnih L32 @ NZthavijd
T SyYt)eneOppoji izazita
pojavalL?2 6 S E I SSy 4
oticajp, @SP 2t AIBAFIS Sy
prvenstveno zavisi od
intenzitetai trajanjal A O S

durationofrain.
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Table 1.: Typical annual pollution ~ Tabelal. ¢ A LJAEIA@yﬁI-A DWEENB o6 Sy
loadsfrom areasof variouspurposes, | | 3 S Sgde 6tidaja sa _jednice
expressedn kg/haannually(Hvitved LJ2 GNXIR ¥ & Aathjena A K NI © Sy
Jacobseandco,2010 kghagod (HvitvedJacobsensar 2010

Area typeg Land use

Paramet Habitation

ers . .
Comme High Medium Low Industry Roads Park

reial density density  density lots

TSS 1100 450 270 10 550 1000 450
TP 1,7 1,1 0,4 0,05 1,5 1,0 0,8
TKN 7,5 4,7 2,8 0,3 3,7 8,9 57
BODR 70 30 15 1 - - 53
COD 470 190 60 10 230 - 300
Pb 3,0 0,9 0,06 0,01 0,2 5,0 0,9
Zn 2,3 0,8 0,1 0,05 0,4 2,3 0,9

Cu 0,4 0,03 0,03 0,01 0,1 0,4 0,07
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ISSUBDF QUALITYOF STORMWATERUNOFF PROBLEMATIKA
KVALITETAL ~ BOTIDAJA

Researches of stormwater 524l RI OyAaai NJ OA ¢

runoff quality from urban kvaliteta { A O yo#caa sa

and suburban  basins urbanih i suburbanihslivova

performed so far indicate ukazuju  na yI26S04g

the presence of following prisustvoa f S R SJatlekja

pollutionsmostfrequently: :

A Ogranigollutions; A organskazagadenja

A Suspendedubstances A suspendovang

A Heavymetal; A G S @ngtali;

A Oilsandlubricants A uljai masti,

A Nitrogenand phosphorus A jedninjenjaazotai fosfora
compounds
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Table : Degreeof concentration of Tabela. Opsezikoncentracijapojedinih
certain polluton parameters in parametarazagadenjau { A O yocaju
stormwater runoff from uman  sa urbanih slivova prema rezultatima

basins according to results of ispifvana u SAD (Metcalf and Eddy,
examinationsin USA(Metcalf and 00y

Eddy2002.
Parameter Concentration
Total of suspended substandesg/l) 67-101
BODB (mg/l) 8-10
HOD(mg/l) 40-73
Coliform bacterignumber100 ml) 10006100000
TotalKjelddl nitrogen(mgN/I) 0,431,00
Nitrates(mgN/I) 0,480,91
Total phosphorugmgP/l) 0,7-1,66
Copperimg/l) 0,0270,033
Lead(mg/l) 0,0300,144
Zink (mg/l) 0,1350,226
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If protecting the surface and
underground waters from
& 0 2 NXv ¢ polfutonslisQhe aim,
the very first thing which needsto
be done is establishingtheir exact
origin The next required step is to
estimatethe type and the range of
other possible sudden basin
pollutions For each of possible
pollution, it is requiredto determine
the possibility of its appearingand
make the estimation of its possible
influence With basis in such
analysesijt is possibleto estimate
the importance of certain pollution
type, in other words, the total of
probability of basin pollution
appearing
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PROTECTIOSITRATEGK STRATEGHA ~ ¢ L ¢ 9

Ako se OSfOSi A A GMDORA v & 1
podzemne vode od T | 3| SSye
atmosferskim vodama najpre se

mora utvrditi  njihovo G 6y 2
porijekla { f S Rofakkajisemora
procijeniti su vrste i obim ostalih

Y 2 3 dzizhefadnihi | 31 SBy 2|
slivu Za svako od Y 2 3dz0 A K
T I3 SSyteba utvrditi

@2 S NP JInjégp\e dpdave i
procienu Y 2 3 dzo Bickja Na
osnovu tako napravljene analize

Y 2 OSse procijenit @ Oy 24
pojedinevrstel | 3 | Sofinfsho
ukupna @2 SNEP JI fojao |
T3k Ssiyue |
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Thecontrol of stormwater runoff

guality includedllowing:

1. Infiltration ¢ water percolation
through the

2. Retension; waterretension

3. Controlled way of transferring
water from one basinintoit, or,
in other words, from one place
to another by ground channels,
collectors or trenches.

4. Using of stormwaterfor
watering, streets washing or
other purposes, dependingon
local conditions.
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{ ¢haz! ¢TREATIMENT TRETMAMTMOSFERSKIBDA

Kontrola] 2t A 6 Ayl vedd S f 4

obuhvatad t SRS6 S

1. Infiltracija-LINR 02 S S A @I vy &
kroz tlo

2. Retenziranjel | RNDI @I y 2 9
vode

3. t NBg2SSyasS g2RS
12y 0NREtAGLIYA VI 6A
odnosno sa sajednogna drugo
YyesSaidz2z L2 gNDODAYE]A
kolektorima ili rovovima.

4. Y 2 NA OaisBigsterskihvoda

zanavodnjavanjepranjeulicaili u

druge svrhe, u zavisnost od

lokalnihuslova.
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Chart . Recommended treatment ~ Tabela.t NJ LJ2 NHz6 Sy S (i §
techniques considering the type of LINBEGA OG6l @k yel 20l
pollution I3l sSyet

POLLUTION TREATMENT MECHANISM

Nutrients, phospohorus nitrogen Settling, biodegrad ation, precipitation,
denitrification

SEL N EIS B EL IS EQEE  Settling, filtration

Biodegradation photolysis filtration, absorption

Metals, lead, ool s[SIAVANIE Settling,absorption,filtration, percipitation,
quicksilver, cadmium, chrome,
aluminium

Biodegradation,absorption,evaporation
Evaporation photolysis
Physicatemoval - regular maintenance
Settling, filtration, biodegradation
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1. Percipiationis one of the primarily ways Lekt2 g‘e&gra@oéprimamihy FEAYE
for cleansingthe rainwaters Themostof LINSGAOYD R OWofi& b | 2 B0 A

the pollution in runoff is connectedto II 3 Saya@itau je vezan za
their suspendovane S a Utk Qe ijihovim
G+t 2 O8lyyersrt B3 @ Smanjiti
1246 BYIS detedisubticau

suspended substances, so
percipitationcan significanthdecreasehe
guantityof pollutantsin the runoft

Inlet ”
Pretreatment o

Water volume o

Primary outlet o

Owerflow e

Outlet to collection system 0

Infiltration o
Freeboard o
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Depositorin atmospherisewagesystemshaft¢ Usedon highwaysfor
basingessthan 1-2 ha, appropriatefor urbanareas/ ¢ | f 2u0khi
atmosferskekanalizacije - koristisena d I 2 6 NI 6 [z&nyahje
slivoveod 1 ¢ 2 ha, pogodnozaurbanesredine

Permanent

et @

Aumanholesa

Floatables o
Separatorof oils and fats - appropriatefor seteies @
treatment of heavily polluted renes @
stormwater(pollutatsfrom highwaysor any oo @
other areawherepetroleumproductscanbe
spilledon)./ Separatouljai masti, - pogodan P
za tretman jako 2 LJU S NJabmesehskh
vodal I 3 S 8343 2Y0 NILE HZENJDM K/ |
prostora sa kojih Y2 OB 2 &la idivanja
naftnihderivata
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oowad ()
oivod @)
Plivajuéi

e

Taoivi ()

materijal

Hydrodynamiseparators~ SY I Fdzy 1 OA2yAal yal KAR
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Filtration and biofiltration through the soil, generator or artificial substances
(geotextile)removespollutedsubstancesyfiltration. Also,biochemicalprocesses
cantake placein filtering materialand remove organicsubstancesnd nutrients. /
Filtracija i biofiltracija krozT SYt @adregatiif@a S O inateiijal §(geotekstil)
uklanja T I 3 $naghife filtracijom i u filterskom materijaluse mogu odigrati
biohemijskiprocesi uklonitiorganskematerijei nutrijenti

Runoff Depth

Inflow

iy

Overflow
%“\Ww i Wiy
s w T acs Filter Fabric
. (Sides only)
Design Storm Qutflow Separation from
SHWT
_ Uncompacted Subsoil
“— Seasonal High
Water Table
(SHWT)
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Filter strip

2 or other
pretreatment

Pea gravel

BRI LY Tak Sy
Infiltration through sand and gravel ¢ appropriatefor medium permeableareas,
removessmallersubstancesind somedissolvedpollutants It is applicablefor urban
areas appropriatefor water inflows from the roof tops for areassmallerthan 2 ha /
inflitracijakrozpjesakiO t 2 dzgbhotinozalL 2 R Nddn&tenomLIN2 LJdza (it 2
uklanja sinije 6 S & (i heBSrastvorenel I I S Phjedjdese u gradskim
sredinama pogodnai zazaprijemvodasakrovovazal.J2 @ Ndahjgo82ha.
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Absorptionrepresentslinking the pollution for solid substancesurfaces The polluted
watersare runningthroughcertainsubstanceswhichcanbecomesaturatedby the time
and end the absorptionprocess Thereare variousmechanismsagainstabsorption /
Absorpcijapredstavijavezivanjel | 3| S& y2o@ NOG NAESB & @ tdijal krozkoji
LINE A &% S/&lg vremenomije T | & AYSSHYA a ip Y62 OFS2 @ld prekida
procesaadsorpcijePostojeNJ 1 tnéhanizingorpcije

Natural ground on lower ) Allow 7S mm
side of trench on level | for settlement ' |
grade +/- 50 mm - f

300

Typically - 800 mm ) between trenches
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Biodegradationrepresentsa biological process,where microbiologicakcommunitiesform
biodegradablerganicsubstancegoils fats, etc) withingroundareaandusethe oxygenand
nutrients from infiltrated water. / Biodegradacijapredstavijao A 2 f peoe3,ddjese
YA 1 NB 0 kaetirecéfdriSiraju u okviru T S Y 3vedngiSiodegradabilne
organskematerije (ulja, masti,i dr.) i koristekiseoniki nutrijenateiz voda kojase
infiltrira.

Pollutants (¢)

$isq
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Plants'absorptiong plantsin lakesand puddlesuse certain compoundsfrom the waterin
processof photosynthesisThisway, phosphorusand nitrogen compoundsare extracted
andbuilt in into biomasswith absorbingof the other substancesswell (sulphatesheavy
metals) It is classiefiedastertial degreeof treatmentsloadedby stormwaters / Upijanje
biljaka - bilike u jezerimai barama koriste 2 R NB Sj&liffjénja iz vode u procesu
fotosinteze Ovim putem se izvajajuiz wde jedinjenja fosfora i azotai dz3 N} $ dza
biomasu,uz upiianiei duaih materiia (sulfat. ( S Grietali). Spadau tercijami stepen
tretmanaz L

Evaporation

f' trrt

WY

Microbial degradation

J
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Systenof artificialswampswhichincludesmultiplephase®f processin@f stormwaterdischargénto
it). Theykeep the smallersedimentsand nutritients, havea high level of efficiencyin preserving
different inflow quantties, possiblevalorizationas a new type of habitat of different plants'and _
animals'specieshelp retention of floodwave. / ~ S Yslstema@d 2 S O i¥'12 @ (Hoftik| f 2 @z6 O3
fazaobradeA & LJdzGiinSsfrsiévodau nju. ¥+ R NXskngeltaigei hranljive sastojke imaju
visokuefikasnostl I R NI ra®F ¥ &vifjedirost dotoka Y 2 3 dedldrizacijekao novitip & G | Y A
raznihbiljnihi OA @2 (ivksig J& Y K R d? NI podiavybgathsa
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