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The urbanisutlon of a catd:mlCDt not on1f chanp the ndnfall-runoff ~ but Ill.so has significant 
eft'ecit on tb.e quality of nmof'f. Nonpoinl t1DU1ce cl pollution in the form Of stonnwatu runOff from 
urban ~s !w contributed greatly to deteriaratlon of water quality in receiving watcni. The transport 
of nulrienrs from urban catchments can lead to eutrophlcation of watEr bodies and is detrimental to the 
vmious users of the water source. 

Field investigations of stormwala' pollution are tediomand expensive. In tlUli study an invcrtiptioa 
is undertaken to ~late the factors which have the greatest influence on contaminant transport which 
are characterised by the washQff <lOCfficicnts. Prom me results of this aoalygis a water quality model 
haiJ been de"elopcd to pnsdict pollutogra~hs b anpuged urban catchments. Field data fro.m 
impervious plots in a US urban catchment from DerMr was used for restlng the newly developed 
method. The predicted pollutograph.s agree closely with measured values of the selected water qulility 
paramctt:n. 

1. Introduction 

Urban stonnwater quallt, monitoring o'f cacclamenta ii a difficult. \"ltpm~ve and a d?ne consuming 
~· Mathematical models, however, am~ suirro for such studies and cllll also provic1e 
the desind infurmation quickly. Esti.rnation of pollutant wQhoff du..-ing any storm event is essential 
for enpneers to design water pollution control struotUreS to reduce pollutant loadings downstream of 
the urban catchments. 

R()()Cntly a now semi empirical wasboff method wu ~oped (Siva.kuma:r and Boroumand-Nuab,, 
1993) to F-dfct pollutant wn.shoff' load from urban catthmcrics based on ~ assumpdon that transport 
rate is proportional to the distribution and availability d pollutant~ The proposed \alashof! method 
has been calibrated and verified for twO Austnlian W'ban catchments. For urban polltftanb ~h u 
total phosphorous (TP) and total oxidised nitrogen (NOx-N) good agreement between measum:i and 
imdletcd washoff loads hu boen found 

Based on the new washoff equation and analym of lb& ~xlsting data from 89 stonn events from 
seven US urban catchments, a new water quality ~ bu bun developed for e~timaring the tntal 
wa.shoff loads, EMCs, po11\Jt0graphs llud loadosrapbs. In this paper pollutographs have been 
predicted for two water quality parameters nainely Non-:Filterible Residue (NFR) and Total 
Phosphorus (TP), 

2. '11roposed Pollutosraph Model 

Tho amount of pollutant washoff in an urban cat:cbment is diroctly relattd ro availability of pollutanu. 
and the qu.o.ntity of runoff volume (Sivakumar and B«oumand-Na.sab. 1993) and is described as: 

Po- P;;; Po (l-c·KV') 

where Po - P = pollutant washoff', kg 
Po = initial poJJutant load, kg 
v = cwnuladve del>th or nmotr. mm 
K - washoff coefficient 
a = exponent 
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Equation 1 describes the total washoff load of a giveil poD~tant since the beginning of a storm event 
By ustog EqUAtlon 1, the pollutant washoff Tiie can be denved as: 

dP ..,. v•-1 R P .. --KVa -;;;;-.-..a l Qu 
dt 

(2) 

where dP/dt denotes the rate of pollutant in kg/hand R1 is runoff rate in mm/h. Eq. 2 can simulate 
urban xtorm loadoJ!8Plu. 

. Pollu mn t load 
The instantanflOUS pollutant oonccmimtton (Cot) can be calculated as:= Area R. ff -

and het\CC 
dP 

c,=~-
ARtdt 

x uno rate 

(3) 

wherein A is the catchment area in hectares and Ct is the concentration, mi/L. Substicutina "dP/dt" 
from Eq. 2 Into Eq. 3, the following expresnoa was obtained. Hence, 

C 
100 Ka ya-1 Po e-KVa 

I ::: 
A 

(4) 

Equation 4 expresses the insWlWleous conccnttation of pollutant Cc as a function of cumulative 
runoff volume V, inidal pollutant Po. catchment area A and washoff parameters Kand a. The newly 
proposed instantanwus ooncenttation model has the abili1y to simulate urban storm pollutographs. 

3. Washoff Parameters 

It is important to understand the 'physical meaning of the washoff parameters in the proposed 
method a. For this purpose. calibration of more than 89 storm events froqi seven US catchmmtli was 
carried out usina data obtained by Musmrd ct al (1987a). The imperviousness !Tacdon of the sc~od 
catchments ranged betwc:en 0.04 and 0.98. Multiple coaelatio1:1 analysis was undertaken to relate 
wa.shoff parameters with storm 8l'ld catchmentcharacferistics (Borownand·Nasab. 1994). 

3.1 Washoff exponent "a" 

Correlation analysis of washoff coefficient "a" with storm and catchment chamctm'i~& indicaU!d ihlU 
it is independent of storm siz.e, Ho~ver, u WU found that the expon<lnt "a" rorrelated well with the 
percenta~e of imperviouanoas of the catchmmit11 as shown in Fig. l. The fo]J.Qwing eqUAtiona have 
been derived to relare 04a". i.e th~ exponCt\t 'Value for different water quality para.meters, to the 
pen:et1rage of imperviousness (Imp.) of the catchment. 

aNFR = --0.006 Imp.+ 1.290 

8iP = ..(),006 Imp. + 1.286 

(5) 

(6) 

The similarity between the equations for NPR and TP can be attributed to the similar behaviour of 
these conraminl\J'tt.s. Prom die analysis of the ini.r-relationship berween NFR and nutrients, it was 
found that the TP values are cloocly correlated with NFR in the selected urban catcliments. This may 
be &ttribured to the availability of bigher proportion of non-filterable phosphorus in the urban 
stonnwater. 
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Fig. 1 Re!Atlo.nship Between Impetviousness and Bxponeni "a" for NfR llDd TP 

J.2 Washoff coemcleut "K" 

The washoff coefficient "K" however appears to vary with catchJttent and srorm characteristics. 
From multiple regression analysis, it hu been foond. that .. K .. is related to areal pOllutant loading and 
total run<>W depth. These telationships arc sboWn in Eqs. 7 and 8 for~ and TP respectively. 

''KNPR"w 0.298 (P1)~6 yOJO 

"KTP" =0.015 (P.~1 ~ (8) 

in which Pa refers to ~pollutant loadinJ of lhe lU'ban catchment. In the case of TP the total niaoff 
depth (V) and Pa are found to be inversely propQrtional ro K. Whereas for NFR. the tolll ninoft' 
depth is directly proportional to Kand Pa is inWrsety proportional to K. The graph.icll illustration of 
equations 7 and 8, are shown in Fig. 2. It is seen Ihle X is let• sensitive to the varl&lioo of total 
runoff depth. and h hiahlY sensiti~ In areal pOUutaut l.oadini for both pollutants. 

4. Application to an Impe"lous Catcluntnt. 

The m>del is applied to an uroan catchment locaced in the Denver meaopolitan aiea, Colora.do, USA. 
The urban area was divJded into Dino plocs of 0.0093 hoctare each. The selectcd study plots ~ in 
North Avenue wbicb has four lanes major~ road fO the Denver Pedenil Ch\rre. The original 
study and die data wero ~nt.ed by Muatlld et al (1987b) and infonnation Crom bydrogl'J,pbs and 
loadograpbs are obtained by a dipiising process. The data. collected C'har11cT.eri~s the runoff quantity 
and quality for differenc simulated rainfall infensitiea aflCr one, two, three. four. and five dry days. 
Dani. collection was C&fried out on each plot by a rainfall simulator with sprinklers. Runoff ra1e wu 
mcuured nt the outlet of each _plot wi!h a tnilisurina flume. Water quality 8amplea W'CrC col1oc1cd by 
hand at the outflow of the flume and ~ for NFR and TP. The pollutantS buildup wen 
measured with Simulated rainfall of about SO tnflliJJ>etRs J»f hour. The measured runoff vollUIXlll 
were between 9 to 31 mm. The information on the aonn runoff volume and initial pollurant load tc:ir 
each plot is given in Table 1. 
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Table 1 Su 
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lbe washoff panuneten "K" and "a" for each water quality parameter in the proposed model art 
obtained by the followin& ~. The "K" ~ ha.S been derived based on tho tow runoff 
volume and areal pollutant loadmg iu the beghmlllg of aorm used in the Eqs. 7 and 8 for NFR and 1'P 
rupocti.vely. The "a" exponent iS derived based on the impervious fnlction by using derived Eqs. S 
and 6 for NFR and TP, re.spectivdy. Theoo ooefficiem:s for the events analysed 11.re shown in Tab1e 2 
for NFR and TP. The values of"K" for TP in the paieilthqes are obtained by using the new values 
ot initial pollutant loads (S PO). This is because the mcaured inilial pollutant for SO!l)e events l$ less 
than the ~uurcd washoff' load. This also mwws dlc complexities of poll\ltant buildup phenomenon 
in urban areas. 

Table 2 t>c-.rivod Coefficients b tbc Analysed Storm Events 

S. Results of pvllutogM1pb slmulatJQn 

The newly ~oped modd has the capacity to simulate polluiographs in urban ca~ durina 
xtorm (.'!Vans. It has been tes~ jn iermg of its ability ID reproduce t6e overall shape of the observed 
pollutographs of various wata" quality parameters. 

The resulU of pollurograph simulation fct cadl Of tbe nine plots are given in tho Fl.JS. 3 md 4 for two 
polluranu namely NFR and TP. respecti~ly. Tho JSl?meters used in the simulation were not 
calibrated to fit pollutoppha. However, the resulcs indicate(! tbas me proposed simulation. pve. 
good reproduotion of poUutograpb.s. 

The graphs of measured s_x>llutograpbs from Plot No. 6 show ape.akin concentration ai rho middle of 
the PQUutograph3 (22 mm11) for NFR llld TP. whe:teat the simul.Akld pollutoa;raphs for these two 
water quality parameters do not pmlict this peak oonoentration. Mustard, et al. (1987b) stated rha.t 
durln~ data oollection for Plot ?llo. 6, the flume which W.s used to measure the flow, was 51.ightly 
misalipcd, n:suldn! in a back water etfect and pcMilla Upsttearo. of the flume, when= depo3ition wu 
obsct'YCd. The small pond wu aJiiated towards-the aid d. dle simulation, and tile deposi~ materials 
were ttansp~ through the weir, where ~II~ collected. The peak of washoff loads 
depicted •t the middle of the pollutogrnph ~ Plot No. 6 ia not indicative of the washoff ~hanism 
trom the plots but resulted from deposition and agitation of the washoft" loads. 

30 4 so 60 
'nmo(min) 

Fig. 3 Results of Pollut0grapb Sinluladon for NFR (For Plot l) 
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Pia. 3 Results of Pollutoaraph Simulation for NPR (For Plots 2-5) 
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Pia. 4 Results of Polluiopaph Simu1ation !or TP (.t'or Plots ~9) 

In water quality studies of urban catchment, ~tcry bodies mquire 1totmwater to be dischareed 
below certain accepted concentration to minimile impacts on e<:osystem downstream. This ls 
particularly so in urbanising catchments where appropriate storm.water treatment measwe& for wont 
oondldona "'*1 to ~de.signed. This model coold be used to simulate worst condhlons of stonnw•ter 
pollutographs which could be ~ fh>l11 urban catchments. 

6. Summary 

A new equation is proposed to~ polhuosnpb.s bom an urban catcluneut Tho model was tested 
against a set of expenmental data from impcrviOUfl 'lots in Lakewood, Denver, Colorado in USA, 
wheJe xneasuted initial pollutant loads (Po) were avail.able. The model coefficie.ius -.vere calibrated 
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i.ndepclndenrly for data obtained fn>m 89 storm even.ts~ seven urt>an catclu:ncnts. The resulrs for 
two pollutan!Ji NFR and TP gave 11atisfactory' pmilcdons fur a number of storm events. 

The proposed model may find application in urban Wider quality plannina and studies relatina to 
design of stonnwater treatment flcilideii. The model's prediction Will d~ on the accuracy o( tho 
washoff parameters selected and a good undentanaiag of the physical significance of these 
parameters warrants further research. 
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