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The figures below show the catchment studied within the city’s general drainage system

(figure no 1) and a view of this catchment with its sewer network and control i
no 2), which will be described later, section (Tigure
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INTRODUCTION

The purpose of this article is to present the results of the fieldwork conducted in the
catchment "El Ensanche" located in the city of Santiago de Compostela (Northwest Spain)
and to provide a preliminary analysis of the data collected. The aim of this fieldwork is
twofold: first, to carry out a hydraulic analysis and examine the contamination discharged by
the occurrence of the CSO's sampled, and secondly to calibrate and validate the hydrological
and quality models of the catchment under study. This paper will cover the first of the two
objectives in a preliminary approach to solving this problem.

OBJECTIVES
Two objectives were pursued:

1. An analysis of how pollution is released during the rainfall episodes sampled (a
total of 11), to determine which pollutants are discharged and the possible
existence of the phenomenon of the first flush. Also characterised are heavy metals
associated with the dissolved and particulate phases.

2. A preliminary correlation analysis between hydrological and pollutant patterns has
been carried out.

A BRIEF DESCRIPTION OF THE CATCHMENT "EL ENSANCHE" AND ITS :
CONTROL SECTION.

Figura 2: View of the catchmens with its sewer network and control section

The catchment studied here has a combined urban sewer network serving a population
of approximately thirty thousand. The surface area covers around 45 hectares having an At the low point .
- ) - . O P of ti i
imperviousness of 94.5%. This is a commercial and residential area, exhibiting the : 11 rainfall evcmsphave beel: cs::;:lh.ll'g;mca lclon‘t}'ol s¢ c;:on Wwas sct up where, to date,
characteristics typical of an urban zone with a high population density and heavy traffic flow. ! parameters, including solids, P mctals and oot mmation on total flo
A total of 68% of the area has been developed and the remainder consists of streets and i ’
parking areas. i
i

a total of

heavy metals and i b N e tant
: organic carbon among others. A rainfa
was installed at the catchment to provide reliable data on rainfall, s M meter

One of its most important characteristics is the steep slope of the streets, averaging
4.2%, with a maximum slope of 13.3%. This fact is highly relevant to the hydrological and
the nollntant hehavianr. Catchment concentration time is annroximatelv 30-35 minutes.
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METHODOLOGY GENERAL DESCRIPTION OF THE EVENTS SAMPLED

The following table (table no. 1) presents a summary of the minimum, mean and
maximum values and the standard deviation of the different parameters mentioned in the
above section pertaining to the 11 events analysed:

The methodology used consisted of the following stages:

1. Fieldwork to collect flow data and to sample each cvent analysed.
2. Lab tests to obtain pollutographs from each pollutant.
3. Deskwork using statistical techniques to analyse and process previously obtained

.. . . . . Table no. 1: A summary table of the values of the parameters analysed in the 11 events examined in
d?t:’. Preth:::mrty conclusions in terms of the hydrological and pollutant behaviour : the catchment "El Ensanche", Santiago de Compostela (Spoin)
of the catchment. 3 Values
Parameter MIN MEAN MAX Standard
We will not go into depth on the first two sections but we will focus thoroughly on the Deviation §
third. Based on all of the information gathered from 1 and 2, we were able to draw up a : DTSP (days) 0.16 1.3 30 9.1(11)
number of parameters, which are summarised below and which provided the basis for the ‘;("E::“/h) 12'069 2; ;: :;:::;
subsequent statistical analysis: . ,::(mm,h) 0.96 Xl ; 13 )
. . : D (h) 0.33 1.8 S 12010
Pluviometric parameters: V,.(I/m? 1.44 8.2 19.5 5.6(11)
Omex (M’/5) 0.38 0.9 1.6 04(11)
DTSP: duration of previous dry weather (days). (1 r.n’és) 0.25 0.5 1.07 0.2(11)
P: total precipitation height (mm). My (p/m) 0.74 2.8 4.58 L5(11)
D: total duration of the storm event (hours). %:ﬂ!‘(‘—;%;) ;g‘; g‘;!: ::z: ggf (: )
Imax: maximum rainfall ix}tensity (mmvh). _25_3:: (/5) o T e IBB(LI ;
Imed: mean rainfall intensity (mmv/h) or P/D. CMSss (mg/) 183 ats e 175 (11)
CMSps(mg/l) 148 446 1025 336 (6)
Hydrological parameters: CMSc, (ngfl) 102 203 353 92(7)
CMSz, (nghl) 206 366 567 120 (8)
Qmax: maximum flow (m%/s). | CMSps (all) 51 133 241 73(8)
Qmed: mean flow (m’/s). %’ﬁﬁélﬂnzagu go 38 66 22(7)
. £ it (Um?). max (0S/CM 1 1359 3350 1278 (8)
Vw: total volume per surface unit (I/m°) ™ siam) 56 5 T RTITo)
: no. of values.
Pollutant Parameters: (T‘),b',': ,:,_ )a ues
Mss: total mass of SS mobilized per surface unit (g/m?).
0SSmed: mean mass flux of S (mg/s). Table no. 2 shows the event mean concentrations for the heavy metals Cu, Zn and Pb
QSSmax: maximum mass flux of SS (mg/s). from the National Urban Runoff Program (EPA, 1983):
CMSss: event mean concentration of SS (mg/1), or Mss/Vw.
CMSps: event mean concentration of DS (mg/l). Parimeter CMS (ug/l)
SSmax: maximum concentration of SS (mg/1). Cu 43
CMSzx: event mean concentration of Zn (mg/). Zn 202
CMS cy: event mean concentration of Cu (mg/l). _ Pb 182
CMS ps: event mean concentration of Pb (mg/l). Table no. 2 (ASCE, 1992).

CMSroc: event mean concentration of TOC (mg/l).
Cmed: mean conductivity (uS/cm).

Crmax: maximum conductivity (S/cm). Shown next are two of the eleven events analysed (events 17/10/98 and 16/9/99) with

their respective graphs (figs.n® 3-12) in addition to two standardised graphs with the 11 events
that give an idea of the phenomenon of the first flush in the catchmient (figs.n® 13-14).
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Event 17/10/98

In figure no. 5 it is important to note that the SS have a more intense first flush

o TR aaThE _— ¢ phenomencn than the DS. This can also be applied to figures 7 and 8, where it is clear that the
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From figure no. 6 we can sce that only the As and Hg are partially associated with the 200 | - 600 4
dissolved phase of the existing solids, whereas the other metals such as Pb, Cd, Zn, Cu and Cr 400
are especially linked to the particulate mass. Of the 11 events analysed, two other were tested 100 | %00
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appear to be associated to the particulate phase of solids. our |

Figures n® 10-11-12
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he SS from the beginning,
Figures n°. 10-12 clearly show how the metals accompany { b
and not ’(ﬁ: DS, which had already been discharged earlier with the first splashing of the

raindrops.

Analysis of the distribution of preclpitation volumes In
the catchment of “El Ensanche”
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Analysis of the first flush of SS in the catchment of "El Ensanche®™

=
°

2

2

g8 s

accumulated
standardizod mass of
Ss
4

accumulated standzrdizod time

Figure n® 14

i i f the catchment is very
In figure 13 we can observe that the hydraulic behaylour [ { r
homogeneol%: In figure no. 14, however, there is a more disperse and variable process |:
terms of the release of the solids, with a tendency towards the phenomenon of the first flusl
(curves above the diagonal line).

STATISTICAL ANALYSIS

The statistical analysis, in this case based on hydrological and pollutant data from an
urban catchment, allows us to establish relationships belwee‘n the parameters observed and 'th(:
behaviour trends that will help to improve our intcrpretation of the physical and chemica
phenomenas governing the system.

The preliminary analysis stage was conducted using a population size sampledof
eleven experiments representing the storm events thfn _occurr.ed in the ca.tchment unde:] st}x y.f
These rainfall episodes are separated in time so that it is ppsmble to consider the hypothesis o
independence between the measurements of the study variables.

This article presents a correlation study among all the previoysly dcﬁneq variable§ or

parameters, examining them in pairs by means of a correlation matrix, where this coef:ﬁ(:lenl
’ .

has been estimated using a Pearsonian estimator. Based on the hypothesis of normality put
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forth, we calculated the probability that the correlation estimator would be less than the
predicted value by means of the sampling carried out. This probability value takes into
account the size of the sample. This probability, called level “p™ or significance, allows us to
evaluate the degree of confidence on the linear adjustment and to estimate the possible linear
interdependence between each pair of variables. The lower the “p” level is, the better the
adjustment will be and vice-versa. This information is very useful when studying the physical
problem, although, in itself, has little practical value.

Before presenting the correlation matrix (table no. 3), we would like to mention that
for the statistical analysis the SPSS software package was used. These types of studies are a
good tool to be used in examining trends and reaching conclusions on the formal aspects of
physical systems which have been idealised and modelled. It is essential, however, to use

good judgement in determining the behaviour of the variables that govern the systems under
consideration.

In view of the correlation matrix the following patterns are noteworthy:

1. The Imax events pertain to those having the greatest Imed, which confirms the statement
above regarding the homogenous distribution of the volumes of water during storm
events.

2. The greater the Qmax, the greater the Qmed will be, which confirms point 1.

3. The greater the storm water volume value (high Vw), the greater the CMSps, will be with
the corresponding increase in conductivity.

The greater the Mss (SS mobilised mass), the greater the CMSgp, will be.

. The greater the DTSP, the greater the CMSgs will be.

. The greater the Vw, the lesser the CMSss will be, which indicates that storm events

generally completely consume the washoff process of the accumulated surface pollution

during the dry periods.

The greater the Vw, the greater the mobilised SS mass (Mss) will be,

The Qmax events show high levels of Mss, which confirms sections 1 and 7.

The high CMSss events, have high SSmax.

0. The events with high levels of Qmax and Qmed have high mean and maximum mass

fluxs, QSSimeq ¥ QSS.max, which confirms section 8.

11. The CMSzn correlates positively with the CMSss, MSSmed,max, and the CMS cu
and negatively with D,

12. The CMScu correlates positively with the Imed, CMSss and the CMSzn,pb,cor; and
negatively with D.

13. TheCMSpb correlates positively with the Imed, CMSss, CMSzn,cu,cor, and negatively
with D.

14. CMScor correlates positively with CMSss and CMScu,zn,pb; and negatively with D,

NN

S Y®N

-Pb»cor;

FUTURE RESEARCH

After analysing the data on the dependence of the variables and their physical
significance and in view of the dependence observed in the correlation graphs, we will study
possible models of linear adjustments through an iteration process whereby the most
representative “logical” variables, in terms of statistics, are added to the model, step by step.
Based on the results, the curves will be fit considering the most developed
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