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A BMP selection process based on the granulometry of 
runoff solids in a separate urban catchment
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Abstract

This article presents the methodology and results of the field survey carried out to characterise the pollution associated with 
the stormwater runoff from an urban catchment in Galicia (Spain). Various instruments were installed in the control section 
of this catchment measuring some 55 ha and located in the separate sewer system outlet, to obtain samples associated with 
stormwater events. In particular, precipitation and flow were recorded, in addition to the pollution associated with such flows. 
On the basis of this information it was possible to determine a series of pollution parameters (solids, BOD5, COD, TOC) and 
the most important event parameters (event mean concentration, maximum concentration, mobilised load per net hectare) 
were calculated. These results were compared with those from other similar catchments. The analysis of the results includes 
the determination of probability distribution as well as the study of the particle size distribution of the samples during dif-
ferent periods of the event, which thus enabled us to obtain the relationship between the total rainfall and the particle size 
distribution of each event. Finally, a study of potential best management practices using the process selection diagrams is 
presented.

Keywords: separate urban catchments; runoff pollution; best management practices; suspended solids; particle 
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Introduction

The world’s population has become more and more concentrated 
in cities, which has had a considerable impact on the growing 
complexity of the infrastructures, especially those related to 
the management of water (Butler and Davies, 2000). This high 
concentration has been responsible for land development and an 
increase in the impervious surface area of the catchments. Some 
of the most obvious consequences are the greater volume of run-
off and velocity of circulating flux, shorter concentration times 
and shallower volumes during low water periods. The end result 
is an overall increase in pollution levels (Novotny and Olem, 
1994). 
 In separate sewage systems, such as the one analysed in this 
study, the pollution drawn in by runoff waters is the result of 
both the activities that take place on the surface of the catch-
ments and the re-suspension of sediments within the network.  
 Studies on the characterisation of pollution in urban runoff 
have increased significantly in number in recent years. From the 
first environmental analyses (Sartor and Boyd, 1972, USEPA, 
1983), up to the most recent studies (i.e. Taebi and Droste, 2004 
and Chebbo and Gromaire, 2004), the general consensus is that 
the main sources of runoff pollution are sediments accumulated 
on the street surface and conduit inverts, traffic emissions and 
chemical substances used to melt ice. These studies also show 
that most of the pollutants are associated with the finest frac-
tions of the sediments which are the ones most difficult to elimi-
nate by using sedimentation techniques.
 Another field where a significant amount of scientific 
research has been carried out over the past few years is the 

characterisation and transport of sediments in sewer networks 
(Crabtree, 1989, Ackers et al., 1996, Ashley et al., 2003, Butler 
et al., 2003, Ota and Nalluri, 2003). In the case of stormwater 
sewer systems the sediments found can be classified into two 
types: stormwater solids and grit material. Stormwater solids, 
consisting generally of one-fourth organic matter, are trans-
ported in suspension, and the characteristic values quoted in the 
literature vary widely. Thus, the average relative density of the 
sediment is approximately 2.4, with 90% of the particles being 
smaller than 100 µm in size. 
 Grit sediment constitutes the largest part of the sediments 
found to be deposited in the sewer networks. These sediments 
are usually transported along the bed. Although differentiating 
stormwater sediments is complicated, they are usually defined 
as the inorganic fraction greater than 150 µm with specific den-
sity of around 2.7 (Ackers et al., 1996).
 The main objective of this study is the characterisation and 
analysis of the pollution generated by solids in a separate urban 
catchment outfall during wet periods. For this purpose, a control 
section was implemented in the catchment outlet, where con-
tinuous values of flow and pollution were recorded. Precipita-
tion was obtained using a rain gauge located near the control 
section, and the volumes and discharges were measured using a 
flow meter.
 The results were analysed using various procedures. On the 
one hand, significant parameters for each of the events were cal-
culated, i.e., average, maximum and minimum values of rainfall 
and volume. Moreover, in the pollution study, the variability of 
pollutants in events may be very high. Therefore, some studies 
(USEPA, 1983) propose an approach that would work with total 
flow-weighted concentrations to obtain an “event mean concen-
tration” (EMC): 
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where:
 N is the number of samples
  Qi is the average runoff flow rate
  Ci is the average runoff pollutant concentration
  ∆ti is the time interval.

Furthermore, a statistical analysis was carried out with linear 
regressions and adjustments of probability functions, supply-
ing additional information on expected trends and values for a 
stormwater event. 
 Also conducted was a particle analysis of the samples col-
lected, relating the particle size distribution of the flow. The 
entire battery of sample analyses and the characteristic param-
eters are data that are essential to the definition of the best 
management practices for the runoff waters of this urban catch-
ment.

Material and methods

Description of the urban catchment

The catchment analysed in this study is part of the drainage 
system of the city of Santiago de Compostela, capital of the 
Regional Community of Galicia (Spain), which has a population 
of around 100 000 inhabitants.
 The catchment under study, called Fontiñas, is an area 
which was urbanised some 15 years ago, and consists largely of 
a residential and commercial area with a low-to-medium level 
of activity. The catchment has a separate sewage system and an 
approximate area of some 55 ha, 70% of which is impervious 
(38.5 net-ha). It has an average runoff coefficient of approxi-
mately 0.65, a steep slope-roughly 6%, producing hydrographs 
with high peaks in the control section and a concentration time 
of around 25 min (Suárez et al., 2001). With regards to the typol-
ogy of the main surfaces, the roofs are tiled and the streets have 
bituminous surfaces, often interspersed with strips of grass. 

Description of the control section

The control section was situated at the outlet of the drain net-
work (see Fig. 1). A small structure was built here to store the 
different instruments used in the characterisation of the hydrol-
ogy and associated pollution.
 Rainfall was recorded with an ARG100 aerodynamic rain 
gauge located near the control section. The depth of the water 
surface was measured with the ultrasonic sensor of a Sigma 950 
velocity flow meter, with 3 mm accuracy. The depth sensor was 
complemented with a Doppler velocity sensor, having a mean 
resolution of 0.3 cm/s and 2% accuracy. 
 Pollution was continuously recorded at the control section 
with a multi-parametrical YSI 9020 probe, which measured the 
turbidity, conductivity and temperature of the flow every 5 min 
(Anta, 2004). The sampling period was from May to October 
2003. An automatic Sigma 900 sample-taker was placed in the 
control section to characterise the pollution associated with 
stormwater events. This instrument is equipped with a container 
that holds 24 plastic bottles, on top of which is a distributor arm 
that swings back and forth, filling them every 5 min. The results 
from the previous survey in the same catchment were used to 
compare these results with dry weather periods (Cagiao, 2002).
 In this study pollution related to stormwater events was 
analysed in detail. It is important to point out that Santiago de 
Compostela is one of the cities in Spain receiving a high rainfall 
with a mean annual precipitation of 1 886 mm, during the period 

from 1971 to 2000, and a total of 141 rain-days a year. For this 
study 14 stormwater events were sampled. 

Water quality analysis 

The samples collected were analysed at the Environmental Sani-
tary Engineering Laboratory of the Civil Engineering School at 
the University of A Coruña according to standard procedures 
as in Standard Methods (1998). A large number of pollution 
parameters were analysed: pH, turbidity (NTU), conductivity 
(EC, µS/cm), biochemical oxygen demand (BOD5, mg O2/ℓ), 
chemical oxygen demand (COD, mg O2/ℓ), total organic carbon 
(TOC, mg/ℓ) total solids (TS, mg/ℓ), total dissolved solids (TDS, 
mg/ℓ), total suspended solids (TSS, mg/ℓ), total volatile solids 
(TVS, mg/ℓ), total fixed solids (TFS, mg/ℓ), fixed dissolved sol-
ids (FDS, mg/ℓ), volatile dissolved solids (VDS, mg/ℓ), fixed 
suspended solids (FSS, mg/ℓ) and volatile suspended solids 
(VSS, mg/ℓ). 
 The particle size distribution of the samples taken from the 
stormwater events was carried out using a COULTER LS-120 
laser particle analyser. This instrument deduces the size and 
proportions of the particles from the liquid sample by calculat-
ing the distribution of the intensity of the laser light diffracted 
by the sample over 92 transducers situated inside the device. 
This analysis technique allowed us to obtain the percentages 
in volume, specific surface and number of particles in different 
particle size intervals of between 0.375 and 2 000 µm. 

Process selection diagrams

A study of the sedimentation capacity using some of the sam-
ples was carried out. This analysis is based on two variables 
used to evaluate the technologies available to eliminate the finer 
fraction from the suspended solids (SS). The problem with this 
SS fraction is related to its affinity for other organic pollutants 
or heavy metals and to its lower settleability. The parameters 
used in this methodology are the total number of particles per 
aqueous volume across the entire gradation (Nt) and the number-

Figure 1
Aerial photograph of the Fontiñas urban catchment
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volume mean size (lnv). The number-volume mean 
size (Cristina et al., 2002; Cristina and Sansalone, 
2003) can be calculated from the particle count 
originating from each particle size distribution.

             (2)

where:
 li is the representative diameter of  interval -i
 Ni is the number of particles in particle size 

interval -i
 Nt is the total number of particles.

To be able to select the best management practice, 
it is necessary to analyse the settleability of the 
samples and determine the fall velocity (Vs) using 
Stoke’s law, as well as the hydraulic retention time 
(HRT). The minimum diameter of the particles 
that can be settled may be estimated by equating 
the HRT to the depth of the sedimentation basin 
divided by the calculated fall velocity.

Results and discussion

Hydraulics and pollution characterisation

This section presents the most important results of 
the analysis of pollution associated with the run-
off from this separate catchment in the 14 stormwater events 
studied. 
 Summarised in Table 1 are the total depth and average and 
maximum intensity of the rainfall as well as the maximum, aver-
age and minimum values of the flow and volume in the 14 rain 
events analysed. 
 The results show that there is a certain base flow during 
dry periods, whose origin could be associated with infiltration, 
sources, springs, or possible illegal connections to the network. 
As can be seen in Table 1, the maximum flow rate recorded in 
the Fontiñas catchment during the events collected was 451 ℓ/s, 
a value some 12 times higher than the average base flow during 
dry periods.
 Table 2 gives the maximum values of the concentration of 
various pollutants collected by the automatic sampler. The val-
ues obtained in the tests carried out clearly show that the pollu-
tion contributed by the runoff is found in low concentrations. 
The volume of polluted water can, however, generate short- and 
long-range impact problems in aquatic systems by exceeding 
the critical load (problems related to the heavy demand for dis-
solved oxygen owing to the dumping of organic matter and/or 
ammoniacal nitrogen, or other problems associated with high 
concentrations of solids) and the appearance of bio-accumula-
tion problems (basically related to heavy metals in dissolved 
form).
 A parameter commonly used to characterise pollution dur-
ing a stormwater event is the event mean concentration (EMC, 
see Table 3). The relationship between the average value of TSS 
event mean concentrations and the average daily TSS concentra-
tion in dry periods is approximately 10:1. The COD relationship 
is smaller, close to 2.4:1, a value which is similar to the relation-
ship obtained with the TOC, 2:1.
 In Table 4 pollution is compared by means of the EMC 
obtained in the Fontiñas catchment with those obtained in other 
separate catchments. The mobilised load of pollutants towards 

the Sar River during stormwater events is of the same magnitude 
as that of other catchments with similar characteristics reported 
in the literature. The selected metal results for this catchment 
come from earlier studies (Cagiao, 2002), and were not analysed 
in this study.
 Another important parameter is the mobilised load per 
net hectare within the catchment (kg/net-ha).This value gives  
information about the pollution that is being deposited in the 
catchment and in the collectors, as well as their capacity to 
mobilise this pollution in a sufficiently long and powerful event 
(Table 5). 
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TABLE 1
Summary of the hydraulic parameters in the stormwater 

events analysed
Rain 
event

Total 
depth 
(mm)

Intensity 
(mm/h)

Flow  (m3/s) Volume 
(m3)

Max Mean Max Mean Min
01 2.7 2.9 4.8 0.136 0.076 0.035 273
02 5.6 2.4 3.6 0.246 0.161 0.051 1534
03 1.1 1.1 1.2 0.088 0.057 0.037 230
04 2.1 2.1 3.6 0.174 0.117 0.040 507
05 2.6 2.4 3.6 0.233 0.114 0.028 553
06 0.9 0.8 1.2 0.273 0.155 0.037 464
07 --- --- --- 0.157 0.112 0.022 234
08 --- --- --- 0.156 0.082 0.035 532
09 3.8 1.1 4.8 0.294 0.202 0.061 1402
10 0.6 2.4 2.4 0.115 0.050 0.021 179
11 2.8 0.9 9.6 0.187 0.081 0.032 400
12 4.0 2.7 9.6 0.451 0.224 0.054 1038
13 2.6 1.7 7.2 0.203 0.112 0.037 637
14 3.8 2.7 4.0 0.386 0.138 0.029 696
Mean 
value

2.7 1.9 4.6 0.221 0.120 0.037 620

Standard 
deviation

1.5 0.8 2.8 0.103 0.052 0.011 424

TABLE 2
Maximum concentrations of the pollutants in the 

stormwater events analysed
Rain 
Event

TSS
(mg/ℓ)

TDS
(mg/ℓ)

TS
(mg/ℓ)

COD
(mg/ℓ)

BOD5
(mg/ℓ)

TOC
(mg/ℓ)

01 392 290 628 --- --- 8
02 656 334 990 295 --- 22
03 634 254 864 --- --- 36
04 1060 198 1128 --- --- 6
05 3526 216 3702 --- --- 20
06 84 161 245 --- --- 8
07 392 140 507 --- --- 9
08 94 121 211 --- --- 4
09 156 206 362 92 --- ---
10 656 552 1208 187 80 ---
11 875 245 1120 380 205 ---
12 316 300 474 111 --- ---
13 1062 240 1214 213 100 ---
14 1307 851 1456 208 65 ---
Mean 
value

801 293 1008 212 113 14

Standard 
deviation

872 192 873 100 63 11
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TABLE 3
EMC of the pollutants in the stormwater events 

analysed
Rain Event TSS

(mg/ℓ)
TDS

(mg/ℓ)
TS

(mg/ℓ)
COD 

(mg/ℓ)
BOD5
(mg/ℓ)

TOC
(mg/ℓ)

01 96 192 288 --- --- 6
02 190 105 295 79 --- 9
03 324 211 535 --- --- 22
04 385 81 465 --- --- 5
05 590 131 721 --- --- 10
06 64 89 153 --- --- 5
07 219 93 312 --- --- 7
08 50 70 120 --- --- 3
09 50 72 122 25 --- ---
10 264 196 459 140 49 ---
11 278 164 442 180 94 ---
12 117 93 205 54 --- ---
13 212 96 308 88 34 ---
14 230 223 453 58 21 ---
Mean value 219 130 348 89 40 8
Standard 
deviation

149 55 173 53 35 6

Mean value 
(dry period)

22 --- --- 37 --- 4

TABLE 4
Characteristics of the pollution in urban runoff. Ranges and mean values in 

parenthesis
Pollutant Present study USEPA 

(1983)
Ellis (1989) Metcalf and 

Eddy (1991)
Novotny and 
Olem (1994)

TSS (mg/ℓ) 50 – 590 (219) (100) 21 – 2582 (190) 67 - 101 3 - 11000 (650)
COD (mg/ℓ) 26 – 180 (89) (65) 20 – 365 (85) 40 -73 ----
BOD5 (mg/ℓ) 22 – 95 (50) (9) 7 – 22 (11) 8 – 10 10 – 250 (30)
Pb (µg/ℓ) 13 – 280 (58) (0.14) 10  - 3100 (210) 27 - 330 30 - 3100 (300)
Zn (µg/ℓ) 136 – 432 (225) (0.16) 10 – 3680 (300) 135 - 226 ----
Cu (µg/ℓ) 35 – 159 (79) (43) ---- ---- ----

TABLE 5
Mobilised load per net hectare in the stormwater events analysed

Rain 
Event

TSS (kg/
net ha)

VSS (kg/
net ha)

TDS (kg/
net ha)

VDS (kg/
net ha)

TS (kg/
net ha)

COD (kg/
net ha)

BOD5 (kg/
net ha)

TOC (kg/
net ha)

01 0.69 --- 1.38 --- 2.07 --- --- 0.04
02 7.67 --- 4.22 --- 11.89 3.19 --- 0.35
03 1.96 --- 1.28 --- 3.24 --- --- 0.13
04 5.13 --- 1.08 --- 6.21 --- --- 0.06
05 8.58 --- 1.90 --- 10.49 --- --- 0.15
06 0.78 --- 1.09 --- 1.86 --- --- 0.06
07 1.35 --- 0.58 --- 1.93 --- --- 0.04
08 0.70 --- 0.97 --- 1.68 --- --- 0.04
09 1.85 0.39 2.66 0.92 4.50 0.94 --- ---
10 1.24 0.39 0.92 0.32 2.16 0.66 0.23 ---
11 2.92 1.05 1.72 0.49 4.64 1.89 0.99 ---
12 3.19 0.78 2.54 0.78 5.60 1.47 --- ---
13 3.54 0.85 1.60 0.60 5.14 1.46 0.56 ---
14 4.22 0.93 4.07 0.68 8.29 1.06 0.39 ---
Mean 
value

3.13 0.73 1.86 0.63 4.98 1.52 0.54 0.11

Standard 
deviation

2.53 0.28 1.14 0.21 3.29 0.84 0.32 0.11

 An analysis of the mobilisation of volatile SS fractions dur-
ing the events makes it possible to study the biodegradability 
of the runoff. In fact, by analysing the relationship that exists 
between the volatile SS and the organic matter, through mean 
values, the suitability of potential methods of classic biological 
treatment can be estimated.
 In Table 6 the most important average relationship between 
the different fractions of solids is presented. The results show 
that approximately 58% of the mobilised solids in all the events 
are TSS. Moreover, the content in organic matter, represented by 
the volatile fraction of the solids, is around 28%. This fraction 
is composed of approximately 54% of suspended material and 
46% of dissolved material. It is also interesting to note that the 
mobilised volatile fraction is nearly constant, showing 27% of 
the suspended fraction and 30% of the dissolved fraction.
 Another commonly used approach to estimate the biode-
gradability of the waters is based on the relationship between 
COD and BOD5. The relationship between these two variables 
(3.24) is higher compared to the typical values of domestic sew-
age (2 to 2.5). However, if the mean value obtained in Fontiñas 
is compared with other separate networks, which exhibit values 
generally ranging between 4 and 6, the results show that the pres-
ence of inorganic matter in the runoff water in this catchment is 
somewhat low. Finally, from these two analyses it can be con-
cluded that the runoff of the catchment studied is not appropriate 
for treatment systems based on classic biological processes.

Statistical analysis of the 
mobilised pollution 

This section is divided into 
two levels of analysis. The first 
corresponds to the analysis of 
the pollutants during peri-
ods of rainfall, using all the 
recordings obtained through 
all the samples analysed in the 
laboratory. On the basis of this 
analysis behavioural patterns 
of the different pollutants 
during the rainfall events are 
obtained. The 2nd part includes 
an analysis of three integrated 
parameters assigned to storm-
water events: maximum con-
centration, EMC and mobi-
lised load. With this analysis 
it is possible to predict the 
behaviour of the contamina-
tion parameters.

Statistical analysis of the 
pollutant samples 
Apart from the most obvious 
relationship validating the 
experimental methodology, 
the correlations carried out 
with all the pollutants shed 
light on others which provide 
interesting information. A 
high correlation was obtained 
between the turbidity recorded 
with the multi-parametric 
probe used in field measure-
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ments, the total solids (TS, R2=0.93), and the TSS (R2=0.93). 
These correlation levels were also found between the turbidity 
measured in the laboratory and TS and TSS samples (Fig. 2), 
with coefficients of correlation greater than 0.90.
 The probability distribution functions were fitted using 
the lognormal function, as recommended in the literature on 
hydrology and pollution (Butler and Davies, 2000). The Ander-
son-Darling (A-D) statistic is a measurement of how far the plot 
points fall from the fitted line in a probability plot. A smaller 
A-D statistic indicates that the distribution fits the data better 
(Suárez and Puertas, 2005). 
 Excellent fits were obtained for the TSS and TDS (see  
Fig. 3). COD and TOC exhibited good fits while BOD5 showed 
an acceptable adjustment, with an A-D value of 1.447. The cor-
responding confidence interval was associated with each curve 
having a 95% significance level. This resulted in the two curves 
that accompany the regression line on both sides

Statistical analysis of the parameters of the 
stormwater events analysed
The first analysis corresponds to the linear regressions between 
the following parameters of the pollutants: maximum concentra-
tions, EMC and mobilised load. A highly significant relationship 
was found between the TS and the TSS, as was to be expected, 
as well as between the COD and the VSS, with correlations close 
to 0.9 (Table 7).

TABLE 6
Average relationship between the different fractions 

of solids in the stormwater events analysed
Rain 
Event

Relations of solids fractions

TSS/TS
(%)

VSS/TSS
(%)

TDS/TS
(%)

VDS/TDS
(%)

TVS/TS
(%)

01 33.43 --- 66.57 --- ---
02 64.48 --- 35.52 --- ---
03 60.62 --- 39.38 --- ---
04 81.84 --- 18.16 --- ---
05 82.66 --- 17.34 --- ---
06 41.69 --- 58.31 --- ---
07 70.05 --- 29.95 --- ---
08 41.92 --- 58.08 --- ---
09 41.00 21.01 59.00 34.70 29.09
10 57.43 31.86 42.57 34.39 32.94
11 62.95 35.97 37.05 28.70 33.27
12 57.02 24.42 45.45 30.59 27.83
13 68.92 24.05 31.08 37.73 28.30
14 50.87 22.04 49.13 16.71 19.43
Mean 
value

58.21 26.56 41.97 30.47 28.48

Standard 
deviation

15.15 5.98 15.18 7.46 5.01

Figure 2
Relationship between the turbidity measured in the laboratory 

and TS and TSS

Figure 3
Adjustments of TSS, TDS, COD and TOC with the lognormal 

distribution

TABLE 7
Relationship between the integrated parameters of the pollutants

COD, VSS TS, TSS
Cmax (mg/ℓ) COD= 1.06·VSS + 8.70 R2=0.76 TS= 0.97·TSS + 10.82 R2=0.96
EMC (mg/ℓ) COD= 1.67·VSS - 1.22 R2=0.94 TS = 1.03·TSS + 106.50 R2=0.93
Mobilized load (kg/net ha) COD= 1.32·VSS + 0.28 R2=0.65 TS= 1.13·TSS + 1.15 R2=0.89
Mass flux COD= 1.19·VSS + 4.12 R2=0.76 TS= 0.99·TSS + 24.02 R2=0.99

 The correlations between the pollutants with the hydrologi-
cal parameters of the events have also been analysed: anteced-
ent dry period (ADP), precipitation, rainfall intensity, volume of 
the event and water volume. However, no significant trends were 
seen within these hydrological parameters.
 The most interesting result is related to the analysis of the 
antecedent dry period. Some recent studies on the rain-to-runoff 
transformation in urban catchments have questioned whether or 
not the antecedent dry period is the most influential variable in 
the wash-off process (Sutherland and Jelen, 2003). Moreover, 
in other studies on the characterisation of pollution (Chaberneu 
and Barret, 1998; Deletic and Maksimovic 1998) there is no sig-
nificant correlation of this parameter with the mobilised load or 
the EMC of the events. As Fig. 4 shows, this study confirms 
the independence of this parameter with respect to the pollutant 
loads in the catchment studied.
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 The analysis of the probability distribution has been carried 
out for TSS, TDS, TS and COD (Fig. 5) using the maximum 
concentration and the EMC. Acceptable fits were obtained with 
A-D values ranging between 1.31 and 1.68.

Figure 4
Relationship between the mobilised load and ADP

COD (mg O2/ℓ)

Pe
r c

en
t

Figure 5
Adjustments of COD maximum concentration and event mean 

concentration with the lognormal distribution

TABLE 8
Summary of the grain particle size distribution parameters of the sampled events

Rain Event Sample TSS
(mg/ℓ)

% size fraction d50

<63 
(µm)

63–125
(µm)

125–250
(µm)

>250 
(µm)

09

1 156 70 17 9 4 36
2 143 74 15 6 5 34
3 113 68 14 7 11 39
4 88 69 16 8 6 39
5 65 74 16 6 4 36
6 54 72 16 7 6 36
12 50 72 14 7 7 36
18 26 42 30 18 11 79

Mean value 50 * 68 17 9 7 42

10

1 656 71 16 13 0 25
2 490 69 13 12 6 38
3 228 98 2 0 0 26
7 68 100 0 0 0 15
12 390 100 0 0 0 9

Mean value 264 * 88 6 5 1 22

11

1 875 70 14 8 9 38
3 382 71 15 9 6 40
6 97 61 19 11 9 50
10 26 74 15 7 4 34
13 33 68 20 10 2 36
17 11 67 20 10 4 44

Mean value 278 * 68 17 9 6 40

13

1 1062 77 12 6 5 31
2 220 78 11 6 5 30
3 181 76 11 7 7 30
9 74 77 12 6 4 29
10 542 76 12 6 6 31
12 132 69 15 8 8 39
17 74 72 10 6 4 26

Mean value 212 * 75 12 6 5 31
Mean value of all samples 70.3 15.3 8 5.9 38
Standard deviation 7.6 4.2 2.7 2.4 10.9

∗ Event Mean Concentration

Characterisation of par-
ticle size distribution 

The particle size distribution 
of the samples from some 
of the significant events is 
analysed in this section. 
This study has allowed us 
to determine a relationship 
between the sediment diam-
eter and the flow, for the pur-
pose of establishing the sedi-
ment transport capacity.
 A total of 26 particle 
size distribution analyses, 
distributed in events 09, 10, 
11 and 13, were carried out, 
with their representative 
parameters summarised in 
Table 8. The column indicat-
ing the sample number shows 
the order in which the sam-
ples were collected, with a 
frequency of 5 min between 
two consecutive samples. 
The analysis was centred on 
the first intervals of the rain-
fall event, although some 
samples are included from 
the final part of the event.
 The results show that the 
mean sediment diameter of 
the rainfall events is similar, 
with the exception of Event 
10. In this event almost all 
the sediments belong to a 
fraction of less than 63 µm, 
and the particles of greater 
than 250 µm are not mobi-
lised. In Fig. 6 the relation-
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 In order to characterise the sediment from Fontiñas, the 
results are shown and grouped in comparison with published 
information (Table 9). The comparison shows that the samples 
resemble so-called stormwater sediments with a medium load. 
As already stated, the rainfall events recorded are not considered 
to be very energetic. For this reason, no fractions greater than 
250 µm were collected, although granular sediments were also 
found in situ. No characterisation of this type of sediment was 
made, as the sampler was not able to collect these fractions. On 
the other hand, these sediments do not require such a detailed 
characterisation to be able to define potential sedimentation 
treatment.
 The results of the sediment transport capacity of suspended 
solids in two of the events, separated by particle fractions, are 
shown in Fig. 7. A comparison of all the events analysed showed 
similar results, and in each case the highest proportion of parti-
cles was observed to be less than 63 µm. As regards, a smaller 
number of particles is mobilised for the rest of the fractions. In 
Event 13 the mobilisation of the particles decreases after the 2nd 
rainfall peak because most of the available pollution has been 
washed off previously.
 The results of the particle size distribution for the samples 
collected in Events 10 and 13 are shown in Fig. 8.  A comparison 
of these graphs also provides important information on mobi-
lisation capacity. In Event 10, which has the lowest wash-off 
energy, the mobilisation of all fractions is less intense and more 
gradual. In Event 13, all of the fractions begin to overlap after 
the 2nd or 3rd sample because the energetic capacity is higher. 
This latter behaviour is similar to the three other events having 
greater runoff volumes. 

Process selection diagrams

On the basis of the data recorded with the 
Coulter LS-120 particle analyser, the number 
of particles in each of the 93 measuring 
intervals was extracted. In order to process 
the sediment size, the particle size distribu-
tion was limited to a range of between 0.345 
and 0.450 µm and from 2 000 to 250 µm. The 
lower limit was changed to 0.45 µm given that 
it corresponds to the pore of the filters used 
to differentiate the volatile fraction from the 
suspended fraction. The smallest sizes were 
counted in the analyses as TDS. The upper 
limit was reduced to 250 µm since larger par-
ticles were not expected to be found, as dem-
onstrated in the sections above.
  With the number of particles in each 
interval, and using Eq. (2), the number-vol-
ume mean size (lnv), can be calculated, assum-
ing that the mean diameter of each interval 
corresponds to the number-volume size.
  The application of the process selec-
tion diagram methodology (Cristina et al., 
2002;Cristina and Sansalone, 2003) to the 
Fontiñas catchment requires the determi-
nation of the density of the SS. In order to 
obtain this parameter the values of the fall 
velocity, grouped into five different fractions 
obtained in prior studies (USEPA, 1986), are 
shown (Table 10), and the values obtained 
from the Stoke’s law with different densities 
are presented.

Figure 6
Particle size distribution with different rainfall

TABLE 9
Classification of sediment from the sewer system according to 

the concentration, mean diameter and average relative density, ρr 
(present study and Butler et al., 2003)

Sediment 
type

Transport Parameter Sediment load
Low Median High

Stormwater Suspension Concentration (mg/ℓ)
d50 (µm)
ρr

50
20
1.1

350
60
2.0

1000
100
2.5

Grit Bedload Conc. (mg/ℓ)
d50 (µm)
ρr

10
300
2.3

50
750
2.6

200
750
2.6

Present 
study

--- EMC (mg/ℓ)
d50 (µm)

219
38

TABLE 10
Particle size distribution and settling velocity (present study and 

USEPA, 1986)
Group % 

intervals, 
particle 

size
distribu-

tion

Fontiñas 
extra-

polation 
(µm)

Settling 
velocity
(cm/h), 

(USEPA, 
1986)

Settling velocity (cm/h),
Stoke’s law

ρs=1.1
g/cm3

ρs=2 
g/cm3

ρs=2.73
g/cm3

1 0-20 < 10 0.9 0.8 7.5 13.0
2 20-40 10-30 9.1 9.8 97.6 168.9
3 40-60 30-55 45.72 43.9 439.3 759.9
4 60-80 55-100 213.4 132.8 1327.5 2296.6
5 80-100 >100 1981.2 707.7 7076.9 12243.0

ship between the mobilisation of the particles and the total vol-
ume of the event is represented.
 The correlation coefficients for logarithmical adjustment 
fluctuate between 0.96, for Event 10, and 0.98 for Event 9. These 
results are especially interesting when compared with other 
available studies. Previous papers have proposed a linear rela-
tionship between the volume of runoff and the particle size dis-
tribution of the mobilised sediments under 100 µm in the city of 
Toronto (Heaney et al., 2000). In the case of the Fontiñas catch-
ment, within the group of particles under 200 µm, the tendency 
is logarithmic, although in this analysis only the events of less 
than 4 mm of rainfall were studied.
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 After the initial analysis, the settling velocity val-
ues resulting from USEPA methodology were found to be 
similar to those obtained using Stoke’s law for a density of  
1.1 g/cm3. As has been mentioned before, during on-site vis-
its the existence of granular sediment was observed around 
the control section. This would imply that the theoretical 
value of 1.1 g/cm3 is lower than the mean value of the mobi-
lised particles. 
 It is therefore possible to carry out an approach to determine 
the density of the sediments sampled in Fontiñas using the rela-
tionship between the volatile and the mineral SS fractions. On 
the one hand, approximately 28% of the organic matter is asso-
ciated with the suspended solids, giving a density of 1.1 g/cm3 
to this fraction. On the other hand, the density of the mineral  

fraction is around 2.4 g/cm3. Considering these values we 
obtained an estimated density of 2.04 g/cm3.
 Finally, the values found for these parameters are presented 
(Table 11). First,  an HRT for the stormwater pond of 1 or 2 d was 
assumed, with an average depth of 1.5 m, as recommended in 
the literature (USEPA, 2004). Based on these values the surface 
load can be obtained which, matched with the settling velocity 
(Vs), provides the value corresponding to the minimum diameter 
of the particles (ds) that settle in the pond.
 The value of this diameter can be assimilated to the number-
volume mean size (lnv), determining the settling region in the 
process selection diagrams. The separation boundaries between 
the different processes are based on a 90% particle removal by 
mass criterion (Cristina et al., 2002). Figures 9 and 10 represent 
the diagrams (Nt - lnv) for densities of 1.1 g/cm3 and 2.04 g/cm3 

respectively. 

Figure 7
Mobilisation of TSS during Events 10 and 13

Figure 8
Particle size distribution accumulated in the samples from 

Events 10 and 13 
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 The results show that the design of the sedimentation ponds 
is suitable for the elimination of the fine sediments associated 
with urban runoff from the catchment analysed, as well as even 
higher-density sediments. With relatively short retention times, 
around 1 d, problems may only occur with sediments of a lower 
density.
 These diagrams were based on the assumption that the ponds 
have a permanent volume of water (wet ponds) in which sedi-
mentation is produced under quiescent conditions. It is obvious 
that when sedimentation is produced under turbulent conditions, 
performance is reduced.

Conclusions

This study presents the characterisation of the pollution from  
stormwater events in a separate urban catchment, with a surface 
area of 55 ha, of which 70% is constructed (38.5 net-ha) and an 
average slope of 6%. The results show a great variation in all 
the parameters studied: water flow, event mean concentration, 
maximum concentrations, mass flux and mobilised load per net 
hectare. 
 The pollution associated with the events has been compared 
with other studies in similar catchments, resulting in similar val-
ues. The event mean concentration of suspended solids is 219 
mg/ℓ, whereas the mean values of COD and BOD5 are 89 mg/ℓ 
and 50 mg/ℓ, respectively. These results are situated in the lower 
part of the typical pollution range shown in the literature.
 The statistical analysis showed that there is a good fit of the 
different pollutants in the samples analysed to the lognormal 
function. In the study of the event parameters no significant 
relationships were found, especially between the antecedent dry 
period and the mobilised load, in keeping with the findings of 
other recent analyses.
 A detailed study of the particle size distribution mobilised 
during the different periods of the events was carried out. In 
the catchment analysed, a logarithmic relationship between the 
total precipitation and the particle size distribution of each event 
was obtained. The results allowed us to characterise the mate-
rial circulating through the network as medium-load stormwater 
sediments. 
 Finally, a study of the settleability of the samples by means 
of the process selection diagrams was carried out, with the total 
number of particles (Nt) and the number-volume mean size (lnv). 
The results of this work have made it possible to select  the opti-
mum best management practices for the treatment of the finest 
sediments (<250 µm), and lead to the conclusion that the stormwa-
ter pond with an HRT of 1 d allowed for the elimination of most of 
the settleable solids found in the runoff of this urban catchment.
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