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Abstract

This paper presents the stormwater measurementadelling results of contaminated
rainwater discharge in the capital of Estonia, ifiall Pollutant concentration and runoff
was measured in six urban area subcatchments {085 ha in size). Rainfall events
were monitored during one year (2008). Selectedcachments cover areas of
transportation, residential and commercial ared$he water flow and quality were
modelled by the USEPA SWMM 5 model. The accuracywater quality modelling
depends on the precision of stormwater hydraulicdeimg and precipitation
measurements. Water quality was modelled for canagons of suspended solids. It
was found that concentration of suspended solidsm&e high peak values at the start
of water flow. Differences between flow weighteddanon-flow weighted average
concentrations are analysed here for different §ammtervals.

1. Introduction

Urban runoff pollution has been studied during salvelecades. First attempts to
identify specific sources of runoff pollution wereade by American Public Works
Association (APWA, 1969). The report pointed owdttthe dust and dirt fraction is the
most significant component. The physical and chahibaracteristics of the dust and
dirt fraction were further investigated by Sartodaoyd (1972). It was concluded that
the major component of street dirt was consistefotiynd to be similar to common sand
silt (mineral-like matter). Pitt and Amy (1973) aamtrated on toxic material analysis of
street surface contaminants. It was found thaterms$ of water pollution, the most
important metallic elements in street dirt are: @hium (Cr), Copper (Cu), Lead (Pb),
Nickel (Ni), Strontium (Sr), Titanium (Ti), Zinc (B, and Zirconium (Zr).

Models applicable to stormwater quality and qugnéippeared in the early 1970s
(Zoppou, 2001; Bacht al. 2014). The basic components of an urban stormwateiel
are: (1) rainfall-runoff modelling and (2) wash-afiodelling. In water quality modelling,
part (1) is responsible for build-up of pollutamtsd part (2) routing of those pollutants
through water infrastructure. It is clear that aiygant concentrations and loads cannot
be estimated without having estimated the flowsstmeater quality models include
hydrologic or hydraulic components to simulate thevement of water through the
urban catchment. Low impact urban stormwater dggmaodels have been reviewed by
Elliott and Trowsdale (2007). One of the most wydeised software packages for
watershed modelling is the U.S. Environmental Ritite Agency’s (USEPAS)
Stormwater Management Model (SWMM) that dates lacieveral decades (ME 1971).
SWMM development and its water quality formulatiomse described in Huber and
Dickinson (1992), Sutherland (2003) and Rossmaf4p0

In addition to simple water quantity and qualityabysis, stormwater modelling may
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include various other aspects, including optim@at{Leeet
al. 2012) and uncertainty analysis (Do#tbal 2012, 2014).
A stormwater quality model should be calibrated aedfied
against available data before its use. The effayieof the
model can be evaluated by the method used in @ssil
(2006). In general, the model performance can h@awed
by using a large size of calibration datasets anddbecting
calibration data that are representative of alad&®un and
Bertrand-Krajewski, 2012).

Although stormwater is often viewed by the pubbcheing
as clean as rain, in fact it contains significanaugities of
constituents more commonly associated with munlicpd/or
industrial wastewater (Durrans, 2003). Stormwateroff is
regarded as the leading source of water polluticthé United
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measurements for water quality analysis and exaqitie
average indicators of pollution. Measurements warded out
at outlets of subcatchments and therefore the rnoglebf
stormwater system was necessary in order to gatieable
information at other subparts of subcatchment. @asa
analysis the runoff coefficients for different tgpeof
catchments were determined, considering also sebsffects.
The results of current study were presented as béee
information for drafting the methodology of flowdeampling
measurements for stormwater management tools foal lo
authorities (Koppett al. 2008).

2. Measurements and Modelling

States (Leeet al 2007). It is complicated to determine 2.1. Study Site

pollution fluxes when the stormwater subcatchmerbcated
on the coastal area (Laaneagtial. 2011). Strategies for
handling stormwater are needed at different detisiwels,
including political, regional and local scale. Adf the
institutions need information and a clear undeditanof the
possibilities that are at risk as well as the n@insequences
of each decision (Barbost al 2012). Priority pollutants in
urban stormwater have been investigated from differ
perspectives: (a) separate storm sewers (Zgedd 2012)
and (b) combined sewers (Gaspetial 2011). The priority
pollutants that are essential for quality analgsis also listed

Current study is carried out in Tallinn that is thegest city
in Estonia, serving about 1/3 of its populationllifia is
located in the north-eastern part of Europe. Thenthip
average values for air temperature and precipitatio2008
are presented in Table 1. A special monitoring @ogne was
completed in 2008 (carried out by Sweco Projekt BSpnian
Environmental Research Centre and Tallinn Universif
Technology). Water flow and water quality withinffdient
subcatchment types were investigated and comparbd.
results have been used in various further studiesding

in Erikssonet al (2007). It can be concluded from various casd&llinn City Stormwater Strategy for 2030 (Talli@912) and

studies that volatile organic compounds are maidgtewater
side and concentrations of pesticides and Zn ar#ssiin both
separate and combined systems.

The aims of study are to investigate water quatiticators
from different type of subcatchments in Tallinn tifga) and
to compare the measured values with allowable maxim
concentration limits. Special attention was paicestimating
the optimal time interval of pollutant concentratio

in the modelling of stormwater flow routes (Laaneat al
2009). Six subcatchments were selected for the unements
(Fig. 1). Table 2 lists general characteristics tbfe
subcatchments. Five subcatchments shown in Figvé been
selected to cover typical city areas (transpontatiwo types of
small residential areas, commercial area). In tesgmt paper
the dynamics of stormwater flow and pollution irffetient
seasons is investigated and compared with modeltadts.

Table 1. Monthly average air temperature and precipitatiaiues for 2008.

Month Average precipitation (mm) Average temperature (°C)
January 57 -0.9
February 63 1
March 63 0.4
April 39 6.6
May 0.5 10.3
June 43 - 177* 14.4
July 63 16.5
August 123 - 243* 15.7
September 49 10.2
October 104 8.6
November 52 - 128* 2.8
December 55 -1.2

*Minimum and maximum values are presented, instdabuntry's average (based on data available &ilEN113)

Table 2. Subcatchments.

Number Subcatchment name Area (ha) Type of the area Number of modelled manholes
1 Rocca-al-Mare 12.06 commercial 222

2 Oismae PS 481 mixed land use Not modelled

3 Oismée Street 0.72 residential 12

4 Sitiste Street — Sopruse Stree 9.15 transportation 48

5 Voru Street 0.56 residential 20

6 Vabaduse Street 4.13 transportation 24
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Fig. 1. Map of Tallinn city with points of measurement$jland meteorological measurement stations Harldildarja.
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Fig. 2. Modelled and measured flows at subcatchments Band
2.2. Measurements (Rainfall, Flow, Quality) close to the stormwater networks under investigatibhe

) . meteorological measurements during the rainy seadine

For accurate urban rainfall-runoff - prediction,  theryjinn area include the rainfall records from:8t14 March:;
assessment of rainfall should be carried out (Reatet al. 2) 10-12 June; 3) 20-25 August; and 4) 8-10 Sepézrabos.
2014). Measurements fc->r current study were perfdrme\,»in storms corresponding to representative rdirfaénts
during the rainfall events: 11-14 March, 10-13 Jub®22 g, ing 2008 are summarised in Table 3. Dependinghen
August and 8-10 September in 2008. Rainfall intynsith  5inta) characteristics (intensity, duration, dogriod, etc.),
time intervals 5-10 minutes (cumulative rainfallricig 5 or many runoff situations are possible, and differmiounts of
10 minutes) was measured in the Harku meteorolbgicaathered pollution from a subcatchment can be veastiie
station and in one portable station installed imjEi&treet in - Tharefore. the term of representative rainfall wasoduced
Tallinn, as iqdicated in Fig. 1. Rainfall variesnsaderably 'in in USEPA 1992. The representative rainfall includes
space and time, and reveals the random procesaotéRin  cjteria: 1) the intensity of the rain must beajes than 2.54
many aspects (Laaneaet al 2009). During the field study per 24 hours, and 2) the dry period prior to réiafall
experiment in Tallinn, the precipitation data wedlected o\ ent must be longer than 24 hours (DE 2002, Amiaest
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al. 2005). Where feasible, the depth of a storm asd idischarge with a time interval of 1 hour in Marahdas-10

duration should not vary by more than 50% as coagpao
the depth and duration of the local average stomente
(USEPA 1992). Year 2008 storms analysed in Laanetal

(2009) showed that previously mentioned rain eveats be
classified as the representative rainfalls.

Table 3. Measured storms and characteristics.

Rain starts Rain ends Accumulation 24 hour (Fj’:)l/or
Date Time Date Time depth intensity .
period
12/03 08:57 14/03 09:17 10.08 mm 5.005 85h
20/08 09:34 20/08 19:34 4.19 mm 10.056  45h
24/08 01:04 25/08 10:24 8.94 mm 6.436 44h
09/09 05:36 10/09 04:06 11.81 mm 12.597 24h

In addition to collecting samples of stormwateg thata
characterising the flow rate and flow volume forclea
stormwater discharge were measured using autorfiatic
measurement devices (Marsh-McBirney
area/velocity radar flow meter sensor and Flo-T»t&ensor
electromagnetic area/velocity flow meter sensolwirate

minutes in other months.

This study focuses onto water quality that is apanmant
indicator used in the management of stormwateresyst
Several countries have published guidance for stienation
of stormwater quality. Such instructions have bpespared
in Estonia as well (Andresmaat al 2005). Estonian
guidelines have been prepared on the basis of Fide\ViEater
Sampling Guidance from the USA (DE 2002). Two typés
samples may be collected according to this guidiow-
weighted composite and individual samples. Flowghtd
composite samples were collected by an automaniplsag
system (Manning Portable Peristaltic 24 Bottles flamand
WaterSam WS Porti 12 Bottles Water Sampler) duthng
first two hours with intervals of 5 or 10 minutesrh all sites
to determine all water quality characteristics gtce
suspended solids. Start time for the composite EmEnpas
not later than 30 minutes after the beginning efdfscharge.

Flo-Dariseries of individual samples were collected toeetflthe

dynamics of total suspended solids (for mineral arghnic
constituents). Pollutants concentrations in wastenges and

data are necessary to collect flow-weighted contgosiin rainwater are presented in Table 4. Quality afpling

samples and to combine proportional volumes ofviddally

and analyses was guaranteed by the staff of aredited

collected samples. Water discharge was measure@nby |aboratory and by modern instruments for water flow
automatic measurement system from the beginning @fieasurements and composite samples collection.

Table 4. Constituent concentrations in water samples.

Subcatchment number (Min | Max)

Substance (unit)

Marja 5 6 1 4 2 3
1,2-dichloroethane <0.01 <0.1 <1 <0.1 <0.1 <0.1 <0.1 <0.1
(na/l) <0.1 ' <1 <1 <1 <1 <1
Monobasic phenolic <2 <2 4.2 6.3 <2
(T1D) 26172 95138 44 12.4 24.7 10.1 16.5
Dibasic phenol (pg/l) <10 <10 <10 <10 <10 <10 <10
Ag (mg/l) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
a-Hexachlorocyclohexane <5 <5 <5 <5 <5
(ng/l) Bl =Sl gy <10 <10 <10 <10
Aldrin <5 <5 <5 <5 <5
(ng/l) S<10 S<10 g <10 <10 <10 <10
AOX (pgll) n/a 32 n/a n/a n/a 114 64
As (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

3.3 <3 10 6.2 6.4 54 35
BOD7 (mgO2/) 7 9.5 34 70 55 120 37
Cd (mgl/l) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

<3 <3 <3 <3 <3 <3 <3
CN- (ug/l) 6.1 3.4 49 75 4.3 9 33
Cr (mgl/l) <0.02 <0.02 8%25 <0.02 <0.02 <0.02 <0.02

<0.02 <0.02 0.02 <0.02
Cu (ng/l) 0038 0048 0308 0093 <0.02 0.062 <0.020.118 <0.02 0.062
. . <5 <5 <5 <5 <5
Dieldrin (ng/l) <5<10 <5<10 <10 <10 <10 <10 <10
. <5 <5 <5 <5 <5 <5 <5
Endrin (mg/) <10 <10 <10 <10 <10 <10 <10
<0.1 <0.1 <0.1 <0.1 <0.1
F- (mg/l) <0.1 0.16 0.19 0.15 <0.1 0.32 0.15
g-Hexachlorocyclohexane <5 <5 <5 <5 <5 <5 <5
(ng/l) <10 <10 <10 <10 <10 <10 <10
Hexachlorobenzene <5 <5 <5 <5 <5 <5 <5
(nafl) <10 <10 <10 <10 <10 <10 <10
Hexachlorobutadiene <01 <0.1 <01 <01 <01 <01 <01
(nafl) 0.28
Hg (uo/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Subcatchment number (Min | Max)

Substance (unit)

Marja 5 6 1 4 2 3
0.15 0.18 0.08
. <2 <2 28 6 24 <2 <2
SEgEiEe alel ) 36 340 3850 1214 616 4366 210
Suspended solids, mineral n/a <2 12 2 1 <2 <2
(ma/l) 114 236 99 161 304 45
Suspended solids, organic n/a <2 15 3 10 <2 <2
(mall) 92 134 35 112 188 34
Suspended solids, VSS nia 3 32 30 80 21 3
(ma/l) 30 176 494 196 690 49
Isodrin (mg/l) n/a <10 n/a n/a n/a <10 n/a
0.1 0.23 0.57 0.2
Chloroform (ug/l) 036 <0.5 157 <0.6 0.88 0.81 0.52
ol (ug/) <20 50 <20 60 20 400 <20
120 275 4340 880 750 1550 80
Ni (mgl) <002 <002  <0.02 S%gg <0.02 <0.02 <0.02
Nitrogen; total, Kj. 2.8 3.9 3.6 3.3 3.2 3.2 3
(ma/l) 5.6 8.9 9.7 15 6 10 6.6
p.p"-DDD <5 <5 <5 <5 <5 <5 <5
(ng/l) <10 <10 <10 <10 <10 <10 <10
p.p’-DDE <5 <5 <5 <5 <5 <5 <5
(ng/l) <10 <10 <10 <10 <10 <10 <10
p,p’-DDT <5 <5 <5 <5 <5 <5 <5
(na/l) <10 <10 <10 <10 <10 <10 <10
PAH, sum 0.12 0.1 <0.1 <0.1 0.1 0.3 <0.1
pagll 0.45 0.22 6.3 0.2 1.3 1.85 0.4
Pb (mg/) <004 <004 S%gg <0.04 <0.04 <0.04 <0.04
PCB, sum (ng/l) <30 <30 <30 <30 <30 <30 <30
pH 7.28 7.19 5.56 6.57 6.95 6.93 6.92
7.89 8.44 7.97 7.66 7.86 7.69 7.97
Phosphorus, total <0.02 0.11 0.23 0.17 0.32 0.51 0.24
(ma/l) 0.25 0.46 2.3 0.31 1.6 18 0.46
Sb (mg/l) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Sn (mg/l) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
0.02 <0.02 0.057 0.075 0.07 0.036
zn (mg/h 0046 0066 1.1 0.169 0.173 <0.020.2 0.347
Tetrachloroethene <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
(T1D) 0.19 1.65 0.52 0.31 0.34 0.6 0.18
Carbon tetrachloride <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
(V1D 0.17 0.16 0.62 0.28 0.28 0.28 0.21
Trichloroethene <01 <0.1 <0.1 <0.1 <0.1 <0.1 <01
(na/l) ' 0.32 0.5 0.16 0.12 0.26 '
Trichloromethane 0.16 0.15 0.12 0.1 <0.1 <0.1 <0.1
(VD) 0.34 0.38 0.34 0.41 0.39 0.28 0.14
2.3. Modelling and Calibration pumps, and regulators. SWMM tracks the quantity and

quality of runoff generated within each subcatchindine

Stormwa';er_ modelling tools are used for site plagrand ¢4, rate, flow depth, and quality of water in eggipe and
future predictions. In the current study the USEP8torm . onnel during a simulation period are comprisethokiple

Water Management Model (SWMM) software was used fof o steps. Topology data was obtained from ASirad

modelling (Rossman 2009). The software is wideledis \eqj (Tallinn Water Company) database. Raw dataewer
throughout the world for planning, analysis and igles ocessed and analysed. Information on the elavatip

related to stormwater runoff, combined sewers, taani pipes and wells was checked with special care. Byma
sewers, and other drainage systems in urban avéhsnany yave routing was used for water flow modelling. Shi
applications in non-urban areas as well. This Byaamic  athod enables solving the complete one-dimensiBait-
rainfall-runoff simulation model used for single &t or  \enant equations, resulting in most accurate resolterms
long-term (continuous) simulation of runoff quagtiand ¢ theory. Two indicators of quality of calibratiavere used
quality from primarily urban areas. The runoff cament of  \5sh-Sutcliffe efficiency (NSE) and percent biaBIAS

SWMM operates on a collection of subcatchment atieas (Moriasi, 2007). The NSE was calculated by formEéa (1)
receive precipitation and generate runoff and pafitiloads. (Nash and Sutcliffe, 1970).

The routing portion of SWMM transports this runtffough
a system of pipes, channels, storage/treatmentcegvi
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n

z (Yiobs _Yisim)z

i=1
n

z (YI obs __ Y| mean)2

i=1

delineation of subcatchments. Delineation may bey ve
detailed (each manhole forms its own subcatchmankgss
detailed when subcatchment includes several mashBblg.
2 shows the results of the water flow simulation smme
subcatchments in different months. Results in Rigshow
) _ _ _ ~ that the correlation of measured and modelled flass
where}rl_oirs is theith observation for the constituent be'ngacceptable. Nearly all of the rainfall over the coencial
evaluatedy =im is theith simulated value for the constituentsubcatchment becomes runoff (Fig. 2a). The resilent

being evaluatedymsan is the mean of observed data for theSubcatchment (Fig. 2b) is partly covered by a perviarea,
constituent being evaluated, andis the total number of thus not all rainfall becomes runoff. Apparentle treason
observations. NSE ranges betweeg and 1.0, with NSE = for the less satisfying correlation between the etled and
1 being the optimal value. Values between’O 0 afdate measured flow rates in the stormwater system &eadlto the
generally viewed as acéeptable levels of. perforraancpredpitation measurement station, which was |atatgher
Percent bias (PBIAS) measures the average tendsitye apart fromthe stormwater network under investigation (see
simulated data to be larger or smaller than olsb(Gupta Fig. 1@' The rL'mOﬁ coeff|C|e.nts for the comrpercméa t\;vbere:
et al., 1999). The optimal value of PBIAS is 0.Gthwow- March —0.61; June — 0.41; August — 0.62; Septermide00

magnitude values indicating accurate model simutati and for the residential area: March — 9:41; JunG:LQ;
PBIAS is calculated with Eq. (2). August — 0.54; September — 0.77. In addition tosphatially

NSE=1- (1)

varying rainfall, rainwater depression storage ihe t
n , impervious catchment area may also play a role.
Z(YiObS_YiSIm)xloo p y play
PBIAS ==L - (2) Table 5. Results of calibration of water flow models.
ZYiObS Number (See  Depression .
o table 2) Storage (mm) Manning's n NSE PBIAS
1 0.15 0.013 0.71 4,01
- - 3 0.29 0.014 0.92 -8.10
3. Results & Discussion 4 - e g
. 5 0.15 0.013 0.50 -23.98
3.1. Water Flow & Quality 6 0.17 0.014 0.42 23,62
The collected d?ta were used for ”.‘Ode”'”g bothwiaeer Table 6. Results of calibration of water quality (March).
flow and the quality. Suspended solids were usdg for
water quality modelling because other constituewtye  Number Buildup rate Washoff NSE PBIAS
measured using a flow-weighted composite approauh z{(Seetable2) constant(l/days) exponent
without flow dynamics. Calibration of a stormwasgstem is 1 0.2 10 0.52 0.1
a difficult task due to the variation of rain argntl use 6 0.2 1.0 0.55 -14.1

categories around the catchment (Martin, 1983).e®iesl
water flow and rainfall data from March were used the
model calibration and data observed in other momtbse
used for simulations. Our subcatchments are maiolered
with impervious areas. Therefore calibration paremsefor ~Environmental Research Centre. Table Al (AppendiXsts
flow mode”ing were Depression Storage and ManBing"or water quallty indicators with their method of contration
overland flow over the impervious portion of theestimations and available upper limits. Dynamicswaiter
subcatchment. Table 5 presents the calibratioritseavhen — quality was modelled for concentrations of suspergtsids.
modelling water quality the exponential functionsmased Modelled concentrations of suspended solids argdod
for both buildup and wash-off processes. Buildupe ra agreement with the measured values. Average vaties

A number of water quality indicators have beenreated
from samples in six measurement stations. Cherartalyses
were carried out by the Central Lab of Estonian

constant (1/days) was used for calibration of huplgrocess.
Wash-off exponent was used as parameter when atifigr
wash-off process. Results of calibration are prese in

suspended solids are presented in Table 7. Dynaohitise
concentration and water discharge are comparedign ¥
plots for subcatchments 1, 3, 4 and 6. Fig. 3 shtws

Table 6 (only subcatchments 1 and 6 were modelfetym Sometimes maximal concentrations were observedhat t
Table 5 and Table 6, it can be concluded that nedievater Peginning of water discharge (Fig. 3a) but at otimaes they
flow corresponded well with measured flow and les®ccurred at the second flow wave (Fig. 3c). Foesidential
Satisfying results were accompnshed for water mwaj area (Flg 3b), correlation between the concemwtnatand the
modelling. It may be because of water flow procesae Water flow rate is very good. Usually concentrasiancrease
treated more sophistically in SWMM model than psses Mmuch faster than water discharge and therefore mani
describing water quality. Water quality dynamics isconcentrations are observed earlier than maximaierwa
represented by a simple exponential function in SwM discharge. Modelling indicated that the accuracthefwater

Calibration also showed that results of modellimpehd on quality modelling depends essentially on the aanuaf the
water flow modelling. Fig. 4 shows that even gocdusacy
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of the water flow modelling does not guarantee gooc
accuracy of the water quality modelling. The reasothat
the water quality depends on many other factorédbsshe
water flow.

300

Subcatchment 6 (4-Sep)

250

"
S, 200 o
Table 7. Total suspended solids based on the period ancasciment. E 150 =
0 <
n o
Average concentration of suspended solids (mg/l) = 100 -‘Dﬁ
Subcatchment 50
March June August  September 0
1 108 312 60 8 X
N
3 44 52 52 34
4 184 516 68 126
5 90 78 90 14 Fig. 3. Concentrations and flow discharges for differerttcatchment types:
a) commercial; (b) residential; and (c)-(d) trarespation.
6 2140 132 90 148 @ ®) -
Subcatchment 1 (20-Aug)
Subcatchment 1 (10-Jun)
160 — =TSS modelled 200
1400 12 140 1 ~ —a—TSS measured izg
1200 | Tss 110 120 -==-Discharge modelled 140 ©
i " S, 100 —a— Discharge measured 120 &
= 1000 | —e -Discharge = g g
= 187 o 80 | 100 S
£ 800 f o » 60 | + 80 5
= 16 3 F 160 Z
g o la o &
i %) 4 |
400 ~ 2 20
200 - o~ 2 0 o
o= Q
0 —— —— T 0 ,pP"
o o P LS e S
0¥ 0P o F 0 0F o o 6 o o
Time
Subcatchment 1 (8-Sept)
— =TSS modelled
Subcatchment 3 (18-Aug) 60 T —a—TSS measured 30
50 | \ -=-=-Discharge modelled 1 25
90 14 \ | —+ Discharge measured S
80 1 —Tss 12 < 40 L 202
< —e =Discharge 11 %_ g 20 | | 15 %
£ 108 o 3 5
5 | 06 3 F 20 10 &
2 4 8 10 5 -
to4 2
+02 ol 1y
S P P P P P PP OSSP SSS
° B e R R
I SIS S S S S S S AT A
Time
Fig. 4. Modelled and measured water flows and suspendédssal August
and in September (subcatchment 1).
Subcatchment 4 (20-Aug)
160 ” 3.2. Analyses of Sampling Interval
140 ot Tss 170 In some circumstances only time-based water samiin
120 | A —e -Discharge 60 L . T
S 100 50 G planned. The number of sampling bottles is limitatd
E g0 | 402 therefore it is important to determine the maxirmpaksible
ﬁ 60 | 3o§ time interval for accurate water quality measurethign a
40 207 full rainfall event with a minimal cost. Data of spended
20 | 10 ; T ;
oloet | solids collected in this prOJ_ect allow us to (_:ompa_avo types
v§° S0P D P & SO P d P of average concentrations: (a) arithmetic average
N AR SIS concentration; (b) flow-weighted average conceiurat
Time Flow-weighted average concentration was considered

accurate here and it was compared against aritbraegirage
concentration with various sampling intervals. Anitetic
average concentration was calculated using a famul
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D¢
C,=-1—
n

where
C, - average concentration;

C - concentration in timg

N - number of measurements.

Flow-weighted average concentration was estimayetido
formula:

S Ci +Ci+
Zl:(Tl) *Vvi—(i+l)
C, ==

Y W

(4)

where

Gi, G+1 - concentrations in time i+1;

Wi.+1) — water flow between in timegi+1;

W — total water flow during measurements.

Results of calculations are presented in Fig. H)alt can
be concluded for both subcatchments that an ovenadl for
time intervals of 5 and 10 min is at an acceptéblel (errors
around 10%). If measurement intervals are increateel
overall error increases also (depending on time iatetval
up to 25% for a 25 min interval).
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Fig. 5. Differences (errors) between flow weighted and flow- weighted
average concentrations for different sampling ingds (subcatchments 1
and 4).
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4. Conclusions

Results of the measurements listed in Table 4 sty
most pollutants concentrations do not exceed tipeufimits
presented in Table A1 (Appendix A). Only concennad of
BOD7, Nitrogen (N) and Phosphorus (P) indicatorgewe
higher than upper limit values (RT 2001). Concditre of
BOD7 and P were highest in subcatchment 2 (combined
sewers). Maximum concentration was measured in 2068.
Concentration of N was comparatively high in all
subcatchments under investigation, and revealeditjteest
value in the commercial area (subcatchment 1) tias
measured in June. In subcatchment area 6 (traasport
area), concentration of oil measured in March wery ¢lose
to its limiting value.

It was shown that the accuracy of water qualitybgra
samples compared with flow weighted composited $esnp
depends strongly on the frequency of sampling (BigEven
with the sampling interval as short as 10 minudéféerences
as high as 10% may appear.

On the basis of present investigations it is fouhdt
runoff flow should be sampled as early as possiGlases
with  maximal concentration were observed already 10
minutes after the beginning of the water flow. Hoer it is
not always true that pollutants concentrations akve
maximum at the start of the water flow and thenrease.
Different concentration dynamics were observed.uRe of
the present paper are useful for water managentantipg
in urban area.

List of Notation

C, is average concentration;

G is concentration in time

Cis1 is concentrations in timie-1;

n is number of measurements / observations.

yobs is the ith observation for the constituent being
: evaluated

ysim is the ith simulated value for the constituent ein
' evaluated

ymean is the mean of observed data for the constituent

being evaluated
Wiy is water flow between in timési+1;
w is total water flow during measurements.



88 Tiit Koppelet al. Modelling of Stormwater Discharge and Qualityrban Area
Appendix A
Table Al. List of indicators and methods used for estimatibooncentrations in water.
Nr Substance Method Upper limits Unit
1 1,2-dichloroethane DKE_PGE 3 uall
2 Monobasic phenolic STJ nr.U12 0.1 mg/l
3 Dibasic phenol STJ nr.U12 15 mg/l
4 Ag ISO 11885:1999 0.2 mg/l
5 a-Hexachlorocyclohexane ISO 6468 1 uall
6 Aldrin EN ISO 6468 0.05 pgll
7 AOX ISO 9562 1 mg/l
8 As ISO 11885:1999 0.2 mg/l
9 BOD7 ISO 5815-1,2 15 mgQ,/l
10 Cd ISO 11885:1999 0.2 mg/l
11 CN- ISO 6703/1 0.2 mg/l
12 Cr ISO 11885:1999 0.5 mg/l
13 Cu ISO 11885:1999 2 mg/l
14 Dieldrin EN ISO 6468 0.05 pgll
15 Endrin EN ISO 6468 0.05 uall
16 F- ISO 10359/1 8 mg/I
17 g-Hexachlorocyclohexane ISO 6468 2 uall
18 Hexachlorobenzene EN ISO 6468 5 ua/l
19 Hexachlorobutadiene EVS-EN ISO 10301 1 mg/l
20 Hg EVS EN 1483 0.05 mg/I
21 Suspended solids (mineral, organic, VSS) ISO 11923
25 Isodrin STJ nr.U63 0.002 mg/l
26 Chloroform EVS-EN ISO 10301 1 mg/l
27 Oil EVS-EN ISO 9377-2 5 mg/l
28 Ni ISO 11885:1999 1 mg/l
29 Nitrogen (total), Kj. SFS 5505
30 p,p’-DDD ISO 6468 0.05* mg/l
31 p,p’-DDE ISO 6468
32 p,p’-DDT ISO 6468
33 PAH (sum) STJ nr.U65 0.01 mgl/l
34 Pb ISO 11885:1999 0.5 mg/l
35 PCB (sum) ISO 6468 0.05 pgll
36 pH ISO 10523 <6;>9
37 Phosphorus (total) EVS-EN ISO 6878
38 Sb ISO 11885:1999 0.5 mg/l
39 Sn ISO 11885:1999 0.5 mg/I
40 Zn ISO 11885:1999 2 mg/l
41 Tetrachloroethene EVS-EN ISO 10301 -
42 Carbon tetrachloride EVS-EN ISO 10301
43 Trichloroethene EVS-EN ISO 10301 -
44 Trichloromethane EVS-EN ISO 10301 1 mg/l

**Upper limit for -DDD; p,p’-DDE and p,p’-DDT istsanmed up value
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