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Abstract: Pollution induced by surface runoff in urban areas constitutes a significant problem.
The adoption of control measures aimed at improving the quality of recipient water bodies is a
fundamental issue in the management of Mediterranean Basin sewer systems. Previous research in
Mediterranean areas using small virtual basins has shown that rainfall regimes have a limited impact
on the pollutant load and discharge flowing into a receiving body. The aim of our research was to
identify a sizing methodology for stormwater tanks located in the Mediterranean Basin. To achieve
this, a numerical model of a sewer system, located in the Southern Iberian Peninsula, was developed.
Different patterns related to peak periods of rainfall were considered. Furthermore, efficiency indices
were used to evaluate and compare the effects of having a stormwater tank in the system. In our
study (which considered a real area), significantly varied values were obtained for the pollution load
removal rate (17) and the receiver overflow rate (f). We nevertheless observed that, in our catchment,
at a specific volume of V = 60 m3/ha, 77 and 6 reached constant values without experiencing any
significant improvement (17 = 0.673 and 6 = 0.133). Based on our model, this volume was proposed for
the stormwater tank. The ATV (German Association for Water Pollution Control) A 128 standard was
applied in order to validate the results, and the specific volume obtained (V = 60 m?/ha) matched
with the one proposed. Thus, our proposed methodology is simple and different, and it is very easy
to apply by obtaining the values of the efficiency indices # and 6 through the development of a Storm
Water Management Model (SWMM).

Keywords: combined sewer overflows; control measures; simulation models; stormwater tanks

1. Introduction

Low impact development (LID), green infrastructure (GI), and sustainable urban drainage systems
(SUDS) have recently been focused on as methods for stormwater management. In particular, research
concerning actions that aim to offset the limitations of combined sewers (transmission of high organic
and inorganic pollutant loads at the beginning of overflows; the need for greater control of discharge;
higher costs compared with separated sewer systems [1]) has revealed that the treatment of intense
initial runoff represents a more appropriate strategy than steadily treating all runoff [2]. Therefore,
management practices that permit the treatment or storage of initial runoff are beneficial for improving
the quality parameters of receiving water bodies [3]. Among SUDS methods, there is the provision of
control measures downstream of the sewer net through the use of detention tanks and/or stormwater
tanks. These tanks ensure that receiving waters are not adversely affected by high rates of discharge
from the sewer system. The principle of LID is to develop and utilize a set of site devices that are
designed to reduce the runoff and associated pollutants from the site at which they are generated and,
thus, to reduce or prevent the impact of urban development [4].
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Numerous studies pertaining to the design and operation of stormwater tanks, such as that
developed by Todeschini et al. (2012) [5], which have focused on the influence of both urban catchment
areas and drainage systems, have confirmed that environmental pollution can be reduced by these
devices. During episodes of heavy rainfall in urban areas, both a lack of capacity and the deterioration
of discharge quality represent typical concerns. In order to solve these issues, Itsukushima et al.
(2018) [6] investigated the influence of different outflow control facilities on runoff reduction, focusing
on soil-improvement technology and rainwater tanks as effluent control facilities. High levels of
efficiency were shown to be obtained by using stormwater tanks and detention basins [7], which are
very effective in controlling stormwater runoff pollution in urban areas. In general, different typologies
of stormwater tanks exist according to their size, location within the sewage network and, in particular,
the function of the tank itself [2]. Nevertheless, two principal types can be distinguished: first-flush
and storage tanks.

The function of first-flush tanks is to store the initial rain water, which is presumably the most
polluted, and to reduce the flow transferred to wastewater treatment plants (WWTPs). Storage tanks
work similarly to the primary decanters of WWTPs: the sediments fall towards the bottom, while
overflows are sent to the receiver for primary treatment [2]. Depending on the local conditions, both
storage and first-flush tanks can be operated in two different ways: online or offline [2]. An online
tank is connected as part of a series to the sewerage network, so that both dry and wet weather
flow rates always pass through the tank. These devices must be equipped with an overflow weir
that only operates when the volume of the tank is exceeded. However, because an offline tank is
connected parallel to the sewerage pipes, dry weather flow rates advance and do not pass through
the tank. When they reach the designated threshold value, wet weather overflows are discharged
through a weir into the tank, where the water is stored until stormwater flow ceases. On the other
hand, each tank type can have different management rules, such as providing a bypass tank system
or varying the emptying mode. This feature influences the efficiency of the system in terms of
both pollutant mass and water volume discharged to the receiver [8]. Even so, Calabro and Viviani
(2006) [9] illustrated that storage tanks efficiently reduce the total suspended solids (TSS) discharged
into a receiver. Furthermore, Oliveri et al. (2001) [10] demonstrated that offline tanks control runoff
pollution in a more efficient way than storage tanks do following a significant previous flush. Various
studies in Italy [11] have also shown that the intermittent operation of offline tanks in a stormwater
system can cause a significant reduction in the volumes conveyed to WWTPs. Although online
tanks (i.e., continuously emptying tanks) require a smaller storage volume than offline tanks, greater
flow is delivered to the WWTP. Based on numerical simulations from 45 rain gauges located in
Campania (Southern Italy), De Martino et al. (2011a) [11] assessed the performance of three operations
of stormwater tanks (online, offline, and storage tanks) of various volumes both for stormwater sewers
and combined sewers. They concluded that storage tanks obtain the highest level of efficiency because
they store the most polluted volumes at the beginning of rainfall events, while less polluted waters are
diverted into other water bodies. Considering that the influence of the rainfall regime was found to
be negligible, average equations were proposed to estimate the systems’ performances, with small
deviations attained [11]. Moreover, De Martino et al. (2011b) [12] undertook numerical simulations
based on the same 45 rain gauges located in Campania, incorporating both stormwater and combined
sewers. The cut-off flow and the volume of the offline stormwater tank were varied, with equations
used to predict the average performance of each system. Although they noted that the influence of
the rainfall regime was generally negligible, it was more marked for some rainfall patterns. As such,
they considered the rainfall regime using the average rainfall per wet day and, again, derived more
accurate predictive equations to calculate system performance [12].

When data are available, experimental approaches can be used to accurately assess the ability of
a storage tank to reduce pollution [11-13]. When no data are available, design criteria are required.
Gupta and Saul (1996) [14] proposed a simple approach for estimating stormwater tank volume
involving the use of empirical equations to correlate the TSS concentration to the rainfall intensity,
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duration, and antecedent dry time. Moreover, through the use of rainfall data recorded in seven
metropolitan areas of the United States of America over 3040 continuous years, Guo and Urbonas
(2002) [15] obtained a capture curve to calculate tank volumes. A greater tank volume was shown to
reduce the number of overflows, although it produced a small increase in the device’s effectiveness, as
confirmed by other researchers [9].

The fundamental design parameter of these devices is their retention volume, which greatly
depends on the assumed characteristics of reliable precipitation. In this way, artificial design storms
are used when there is no available reliable data concerning actual rainfall. A range of runoff models
and design hyetographs, such as intensity duration frequency (IDF) and depth duration frequency
(DDF), are widely available [16].

In practice, the design of these devices requires the application of complete methodologies based
on integrated modelling. These methods essentially consist of setting environmental objectives that
require, for example, the reduction of the number of sewer overflows below a certain threshold.
Furthermore, so-called “simplified methods” also exist, which avoid sewer overflows for a design
storm with a desired probability of occurrence. Another key factor in the design of these control
measures is the local climatic zone, such as the Mediterranean climate. The Mediterranean can be
considered temperate and is characterised by mild, rainy winters, and hot, dry summers, while autumn
and spring are variable in terms of both temperature and precipitation. The Mediterranean climate is
primarily found in coastal areas between latitudes 30° and 45°, including the Mediterranean Basin,
South Africa, Chile, Mexico, the United States of America, and Southern Australia [17].

Rainfall is not typically very abundant but, in some areas, it exceeds 1000 mm. However, the
climate’s main distinctive feature is that rainfall does not significantly occur during the summer and,
s0, it is effectively the inverse of the intertropical climate, which generates significant water stress [17].
The spatial variation of the Mediterranean climate is high, even on a small spatial scale [17]. Goossens
(1985) [18] conducted an analysis of its principal components using a wide range of data, and identified
different rainfall patterns in the European Mediterranean. Other studies have indicated a lack of spatial
coherence in rainfall in the Iberian Peninsula. An increase in heavy rainfall (>128 mm/day) has been
detected in Spain, as well as a decline in moderate rainfall (between 16 and 64 mm/day). Consequently,
the existence of extreme precipitation events in the Mediterranean region cannot be attributed to a
single factor. Rather, they are caused by the interaction and/or combination of different agents acting
either locally or on a large scale (for instance, the sea water surface temperature, moisture flows from
the North Atlantic, or the orographic precipitation induced by the Alps, Pyrenees, or Atlas Mountains).

Consequently, the objective of our research was to identify a sizing methodology for stormwater
tanks located in the Mediterranean Basin. To this end, efficiency indices were used to attain an optimal
tank volume value.

2. Materials and Methods

2.1. Study Site

The investigation was focused on a particular location in the Southern Iberian Peninsula, Jaén,
which is within the area of influence of the Mediterranean climate, but also has its own characteristics.
This location is characterised by a continental Mediterranean climate, featuring warm, dry summers
and mild winters with rare frost. According to the Koppen climate classification [19], the climate is
Mediterranean Csa. The average rainfall in Jaén is 493 mm/year, which primarily occurs during the
autumn and winter months, with maximum values in December. Approximately 80 days per year
experience significant rainfall in Jaén (see Table 1).
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Table 1. Average monthly number of significant (signif.) and stormy rainfall days in Jaén [20].

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

signif. 8.8 8.1 7.1 9.4 7.8 3 0.7 1.3 45 8 9.6 103 78.6
stormy 0.1 0.1 0.2 0.5 0.9 0.9 0.3 0.5 1 0.5 0.1 0.3 54

The data displayed in Table 1 were obtained from the Spanish Government Meteorology State
Agency (AEMET) [20]. According to AEMET’s definition, the average monthly number of significant
rainfall days is the average monthly number of days during which rainfall exceeds 0.1 mm. Meanwhile,
the average monthly number of stormy rainfall days refers to the average monthly number of days
during which storms occur, defined as sudden discharges of atmospheric electricity characterised
by brevity and intensity (lightning) and by a dry noise or a dull roar (thunder). Moreover, it can be
seen that the climate in Jaén is quite dry during the summer, with relatively few days with significant
rainfall. However, more stormy days occur during the summer than in the winter. This is the reason
why some significant rainfall occurs during the summer.

2.2. SWMM Modelling

To quantify the effects of combined sewer overflows (CSOs), it was necessary to develop a rainfall
runoff model. To this end, some models based upon studies on artificial intelligence have recently
emerged, such as support vector machines (SVMs). For example, Granata et al. (2016) [21] developed
a comparative study of rainfall runoff between support vector regression (SVR, a variant of SVM)
and the United States Environmental Protection Agency (EPA)’s storm water management model
(SWMM). Considering that this research obtained comparable performances for the models, and that
the application of SVMs is beyond the scope of our research, this paper presents the results of extensive
continuous numerical simulations, performed using the software package storm water management
model (SWMM v5.1) [22] to analyse the present sewer system in Jaén. The features of the resulting
model are displayed in Table 2.

Table 2. Features of the storm water management model (SWMM) developed for Jaén.

Variable Jaén
Number of subcatchments 27
Subcatchment area (ha) 1000
Number of nodes 61
Number of links 60
Total length of links (m) 32,632
Number of land uses 2

Graphical information of the study area is also provided in Figure 1.

The main features of the studied catchment are shown in Table 3.

In Table 3, Imp Surf. is the Impermeable Surface of the catchment, dppery and dp_imp are the
maximum levels of depression storage of pervious and impervious areas respectively, and npery and
Njmp are the corresponding Manning coefficients.

Regarding the maximum depression storage coefficient, the reference values from the SWMM
user manual (2005) [23] and Rossman (2015) [22] were applied. The assumption that pervious areas
are similar to “Pasture”, in most cases, undeveloped surfaces within urban areas, was adopted.
The Manning coefficients for surface runoff were taken from reference values indicated in GMMF
(2005) [23] and Rossman (2015) [22], and impervious surfaces were deemed to be equivalent to “smooth
asphalt”, whereas permeable surfaces were considered to be similar to “range (natural)”.
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Figure 1. Non-scaled image of the study area.

Table 3. Studied catchment parameters.

Area (Ha) Width (m) Slope (%) Imp Surf. (%) Nimp Nperv dp-imp (mm) dl;,.Perv (mm)
1000 13,218 2.53% 73% 0.011 0.130 2 5

On the other hand, flow routing (water flow through sewer pipes represented in SWMM), is
governed by the momentum and the conservation of mass equations (i.e., the Saint Venant equations).
These equations were solved by applying the dynamic wave routing method. In addition, the water
depth within pipes was estimated using the Manning equation. Meanwhile, infiltration was modelled
through the Soil Conservation Service (SCS) Curve Number method.

Overflow pollution was calculated with reference to the mass and concentration of the total
suspended solids (TSS), since they are strictly correlated with other common urban pollutants (such
as Biochemical Oxygen Demand in five days (BOD5), Chemical Oxygen Demand (COD), and heavy
metals), as shown, for example, by Gupta and Saul (1996) [14]. Hogland et al. (1984) [24] also
reported that a large proportion of other pollutants, such as nutrients, heavy metals, COD, and
organic compounds, may be associated with the presence of sewer solids in wastewater through
adsorption/absorption processes. They concluded that up to 90% of the total phosphorus and
organic matter (COD) discharged via stormflow may originate from resuspended pipe deposits.
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Other authors [25] have shown that the variation in suspended solids, chemical oxygen demand,
and orthophosphates, follows a similar pattern, whilst Verbanck et al. (1994) [26] confirmed that
heavy metals and organic pollutants are primarily associated with the finest particulates. Sartor
and Boyd (1972) [27] obtained a clear correlation between the TSS concentration and other pollution
parameters (BOD5, COD, and heavy metals). Consequently, in this paper, TSS was used to quantify
discharged pollution.

The power function described by Rossman (2015) [22] was, accordingly, used to model the
accumulation (B) of TSS (mass per unit area):

B = Min (cl, cthS), )

where t is the preceding dry weather, C; is the maximum possible build-up (mass per unit area), C,
is the build-up rate constant (day '), and Cj is the time exponent. Furthermore, pollutant wash-off
occurs during wet weather periods, and is described through exponential wash-off, which was also
described by Rossman (2015) [22], as follows:

W =E; xq? xB )

where W is the wash-off load in units of mass per hour, E; is the wash-off coefficient, E, is the wash-off
exponent, g is the runoff rate per unit area (mm/h), and B is the TSS build-up (mass per unit area).

In order to establish the above coefficients, the values applied by Hossain et al. (2010) [28] and
displayed in Table 4 were used.

Table 4. Build-up and wash-off parameters used (Hossain et al. 2010) ([28]).

Impervious Surface Pervious Surface
G 60 kg/ha 30 kg/ha
Cy 26 kg/ha 8 kg/ha
Cs 0.16 0.16
E; 0.10 0.07
E; 0.15 0.05

Numerical simulations can be performed with design hyetographs obtained from either particular
episodes of rain or from any other procedure that generates synthetic hyetographs [16].

Calibrating SWMM model parameters is an intensive task because of both the size and complexity
of the studied catchment. Accordingly, in order to carry out this calibration process, Barco et al.
(2008) [29], used a geographic information system (GIS) to process the input data and generate the
spatial distribution of precipitation. In addition, the complex method was applied to estimate runoff
parameters. The parameters that were shown to be the most sensitive to the impervious surface and
the depression storage of impervious areas, and least sensitive to the Manning coefficient, were used
in the model.

The above research could have been applied to calibrate our SWMM model. However, as the
necessary information for the development of a GIS was unavailable, the bibliography was used to
determine the value of the parameters of the SWMM model. In this paper, a procedure was used to
obtain design hyetographs from IDF curves. Although it could be applied using any IDF curve, the
simple model proposed by Témez (1978) [30], which uses the intensity of rainfall, duration of rainfall,
and return period, was used here. This model also takes the geographical situation of the system

into account.
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where I; (mm/h) is the average rainfall intensity corresponding to the interval of duration t; Iy (mm/h)
is the daily average rainfall intensity corresponding to the return period considered (I4 = P4/24); P4
(mm) is the maximum daily rainfall corresponding to the return period considered; I; (mm/h) is the
hourly rainfall intensity corresponding to the return period considered. The value of the parameter
I, /14 depends on the site; a value of I /I = 9 is considered here. t (h) is the duration of the interval to
which I; relates.

By applying the above expression for durations of between 1 and 24 h, an intensity level was
obtained for each duration value and, from this, the amount of rainfall was determined. The intensity
value for each time interval was then obtained as the difference between the rainfall during a storm’s
duration at the beginning of the interval minus the rainfall during a storm’s duration until the previous
interval. Thus, the intensity at hour 5, for example, would represent the rainfall of a 5 h storm (I5-5),
minus the rainfall of a 4 h storm (I4-4). In this way, starting from the Témez (1978) [30] model, the
hourly temporal distribution was obtained.

Precipitation time data were requested from the Spanish Meteorological Agency ([20]) at weather
station 5270 B in Jaén. Figure 2 shows the logs used in the model of Jaén. The logs displayed match the
daily rain values, with hourly logs only being available from 2001.

Historical daily series used in Jaén
140
121
_E\120 105 102
= 78 76
K8 80 1oy
£ 60
8 60
i) 40
]
Q
20
0
~ ~ o0 o O o < o0 o ~
3 3 3 & a & & a & 8
i — i i i i i i i o~
P - & = I = Iy ¥ ¥ S
2 < N =4 = Q 2 = = N
~ — — — 00 ~ — ~ o~ —
o o o - o i o — — -
Date

Figure 2. Historical daily series of rainfall in Jaén.

The value of the daily average intensity of rainfall (Id) was subsequently adjusted so that the
total daily rainfall corresponded with the registered values. Finally, once the intensity values above
24 h had been estimated, it was possible to reorder them to obtain advanced, delayed, or symmetrical
(stepped, centred with alternate hourly steps) hyetographs. It is worth acknowledging that delayed
hyetographs (precipitation values sorted in ascending order) produce the least efficient results; this
method was selected to define the shape of the storm design.

Simulations were performed on the combined sewer of Jaén according to the common typology
of Spanish sewer systems. Calculations for the sanitary flow in the combined sewer were performed
by assuming an average dry weather flow, Qg,, obtained through the adoption of a total allocation of
250 litres per inhabitant per day. According to current practice in Spanish sewer systems, the maximum
flow conveyed to the treatment plant (Qp,) was assumed to be Qm =5 Qg,y- Given that an ideal divider
was assumed in the simulations, a constant cut-off flow was considered as the inflow varied.

In this paper, the performance of an offline storage tank was analysed. To do this, an ideal
facility was provided just upstream of the current WWTP, as shown in the upper right corner of
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Figure 1. The tank volume ranged with the impervious surface of the catchment (impervious hectare,
hajmp) from 0 m3/ hajmp to 100 m3/ hajmp, and it was assumed that there was a perfect combination of
pollutants in the tank at every time step. The operating scheme of the stormwater tank is sketched in
Figure 3.

Overf. weir 136884 Qe

Qe (a688y
)] E> (+36892) E>( ( ) |:> (D [ sy
Pump @

Off-line storage tank
(+3680)

l

Overflow (+360.0)

(a)

Outfall_12

Juhction_41

STWT
Conduit_10

(b)

Figure 3. (a) Scheme of the offline storage tank (combined sewer); (b) Screenshot of the tank
implemented into the SWMM model (Qj,: inlet flow to the system; Qwwrp: inflow to the Waste
Water Treatment Plant).

An offline tank starts filling when the inflow discharge exceeds the divider cut-off flow (C. X
Qgaw, Cc coefficient of proportionality). When the tank is full, a weir diverts the excess discharge into
the receiver. The tank is drained by means of a pumping system after the rainfall has ceased, and the
wastewater is conveyed to the treatment plant. The pumping flow for the stormwater sewer is C. X
Qgw- Given that the maximum wastewater flow conveyed to the treatment plant is C. x Qgy, and the
peak hourly coefficient for sanitary flow for the combined sewer is approximately 2, the pumping flow
draining the tank is (Cc — 2) X Qgyw-

In order to compare the different design configurations and operating conditions of stormwater
detention tanks (SWDTs), Todeschini et al. (2012) [5] described the performance indexes (PIs) that can
be applied, inter alia, to individual events, as follows:

e  The maximum concentration of pollutants in the overflow;

e  The duration of overflow /the duration of stormwater runoff;

e  The pollutant mass captured/the pollutant mass in the stormwater runoff;

e  The volume sent to the wastewater treatment plant/the volume of stormwater runoff;
e  The SWDT emptying time.
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Calabro and Viviani (2006) [9] evaluated the behaviour of detention tanks using similar PIs,
namely, the efficiency (calculated as the ratio between the total mass of TSS entrapped in the tank and
the total mass washed off during a single event), number, duration, concentration, flow, and mass
discharge. Furthermore, Anta et al. (2007) [31] estimated the effect of the size of online and offline
tanks while considering both the number of CSO events and the percentage of spilled runoff.

In our research, in order to evaluate the responses of sewer systems to different storms, the
following efficiency indices, described by De Martino et al. [11] and [12], were determined:

The pollution load removal rate, 7, is defined as

n=1--—= 4)
C
where M, is the TSS mass flowing into the receiver and M, is the total mass accumulated in
the catchment.
The receiver overflow rate, 6, is defined as

_W

wac

®)
where W, is the water volume discharged into the receiver, and W, is the total rainfall volume in the
catchment. Low values of # and high values of 8 implicate that a greater water mass and volume
is being transferred to the receiver, thereby leading to a more unfavourable operation of the sewer
systems.

3. Results

In the simulations, the tank volume (V) varied from 0 m3/ hajm, to 100 m3/ hajmp. The values of
7 and 6 were calculated with previously developed equations for offline tanks, where V increases in
segments of 20 m® /hajyp.

The obtained values are shown in Figure 4, where the efficiency indices are grouped in the form
of discrete functions for each volume of the tank.
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— =% — V=100 m3/ha ——6— V=80 m3/ha 0.25
~==%=== V=60 m3/ha ———— V=40m3/ha i§
0.00 - = = V:2.0 m3/h.a . —i—. - V:0‘1n3/hu. 1 015
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Figure 4. (a) Pollution load removal rate, 7, obtained from the SWMM model of Jaén; (b) receiver
overflow rate, 6, using maximum daily rainfall values, P, and as the volume of the offline tank, V, varied.

It can be seen that Jaén’s system is more efficient in terms of pollution reduction with higher levels
of rainfall. Furthermore, for different tank volumes, the level of efficiency in Jaén had a certain degree
of variability, so the relationship between the extreme values was #max/fmin = 4.10 and Omax/ Omin =
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3.15. In addition, as the pollution load removal rate, 7, increased, the receiver overflow rate, 0, slightly
decreased with the level of rainfall.

Proposed Methodology

The results of the research developed by De Martino et al. [11] and [12] in the Italian regions
of Campania, Umbria, and Piemonte were tested. These studies showed that rainfall regime
has a limited influence on the pollutant load and discharge flow into a receiver. In addition,
De Martino et al. (2011b) [12] determined the average curves applied to offline stormwater tanks
when the cut-off flow of the sewer overflow was set to 5-Qg,, as follows:

(V) = 0.47 x [1.98 — exp(—0.017 x V)], (6)

1
o(V) =
V) (220 +0.026 x V)

@)

Figure 5 compares previous average curves with the results obtained in the SWMM model of Jaén,
using the historical maximum episode (121 mm on 3 February 1947) with delayed distribution (121

delayed hyetograph).
0.9 0.50 .
0.8 JAEN-n 0.45 JAEN-0
0.7 + 0.40 -
0.6 + 0.35
0.30 -
ol 0.25
o . . T
" oy 02 delayed
121 delayed 0.20 4 :‘21 aneh
037 hyetograph = 0.15 - yetograp
0.2 4 De Martinoet - 0.10 - De Martino et
al, 2011a i al., 2011a
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Figure 5. (a) The pollution load removal rate, 7, in Jaén compared with the average curves obtained
in De Martino et al. (2011a) [11]; (b) the receiver overflow rate, 8, in Jaén, compared with the average
curves obtained in De Martino et al. (2011a) [11].

As shown in Figure 5, a threshold value exists for the tank volume of close to 60 m3/ha; after this,
no efficiency improvements were achieved.

The finding of this value prompted us to propose a simple storm tank sizing methodology, based
on the search for the threshold values of the efficiency indices. This proposal consisted of determining
the efficiency indices 7 and 6 (for example, through a SWMM model) by varying the volume of the
tank. The optimal sizing volume was determined to be the value from which the mentioned indexes
did not experience significant variation.

4. Discussion

Validation of Results

When sizing stormwater tanks, the ATV A 128 standard [32] is commonly applied, not only in
Germany and Spain, but in most European countries. Accordingly, in order to compare and contrast



Water 2018, 10, 1437 11 of 14

the results obtained, this regulation was applied to our study location. The values of the parameters
used are summarised in Table 5.

Table 5. Parameters used during the application of the ATV A 128 standard.

Hydrological
Aj: impervious area (ha) 729.91
Ig: average slope of drained area 2.679
tc: concentration time (h) 4.29
Z: impermeability coefficient of the basin 0.70
hypr: annual rainfall (mm) 493
J1: mean terrain slope 0.025
I: design population (inhab) 111,401
ws: daily average water provision (L/inhab/day) 250
Qgpa: dry weather flow in daily average (L/s) 322.34
Qc24: commercial wastewater flow (L/s) 18.92
Qjp4: industrial wastewater flow (L/s) 120.58
Qiwo4: sewer infiltration water flow (L/s) 0.00
Qcw: combined wastewater discharge to the sewage treatment plant (L/s) 2449.29
x: Number of hours per day with grey water consumption (h) 8
ac: number of hours per day of commerce work (h) 12
a;: number of hours per day of industry work (h) 16
bc: number of days of business work (days) 300
b;: number of days of industry work (days) 312
Pollution
w: annual COD load in the basin (kg/ha) 280.32
Cgp4: COD concentration in local domestic wastewater (mg/L) 600.00
Ce24: COD concentration in local commercial wastewater (mg/L) 600.00
Cip4: COD concentration in local industrial wastewater (mg/L) 600.00
Cip: average COD concentration in the effluent from the WWTP (mg/L) 70.00
Cdw: dry weather concentration (mg/L) 600.00
C;: average COD concentration in runoff waters (mg/L) 107.00

The results shown in Table 6 resulted in a specific storage volume close to the value of 60 m®/ha.

Table 6. Results of applying the ATV A 128 standard.

Results of Applying the ATV A 128 Standard

m: mean mix ratio in overflow water 16.64

C;: average COD concentration in runoff water (mg/L) 81.23
Cg4: average COD concentration in dry weather flow (mg/L) 1229.42

eg: permissible annual overflow rate (%) 14.72

Vs_atv: specific storage volume (m3 /ha net) 59.67

The value of 60 m3/ha obtained through the proposed methodology matches with that obtained
with the implementation of the ATV A 128 standard.

In addition, the results are in accordance with the conclusions drawn from Anta et al. (2007) [31],
where differences among the cities of Lugo, Santander, and Santiago de Compostela were used to
estimate the magnitude of the volume required in the design of stormwater tanks. According to Anta
et al. (2007) [31], if the idea is to produce overflows roughly 20 to 30 times per year, the storage volume
will vary between 20 and 90 m3/ha, assuming that the discharge sent to the WWTP is 5-7 times greater
than the mean discharge. If the objective is instead to retain 90% of the annual runoff, the storage
volume will vary between 35 and 90 m3/ha.

Thus, it was verified that the proposed volume for the storm tank coincides both with current
regulations and with other research works. However, these results still need to be compared with field
data. In addition, this proposal was made just for a single, specific location within the Mediterranean
Basin. In order to expand the application area of the present proposal, the scope of our research should
be extended to diverse locations of the Mediterranean Basin.
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5. Conclusions

The development of a numerical model in a real and specific drainage system located in the
Mediterranean Basin of the Iberian Peninsula facilitated the evaluation of the efficiency of the control
measures used to improve the quality parameters of receiving water bodies. The spatial variability of
the Mediterranean climate renders it impossible to apply the conclusions drawn from several prior
research studies. These studies proposed the use of simple regression equations to estimate both the
pollution load removal rate and the receiver overflow rate. Such equations were reviewed, and it was
found that the values they obtained were very different from those obtained in the SWMM model
presented here. In the absence of a calibration model, the observed differences were over 200% (see
Figure 5).

Previous studies have used drainage systems within a small virtual urban catchment (areas
measuring around 4 ha in contrast with 1000 ha in Jaén), in addition to distinctive local rainfall
patterns. Certainly, the average rainfall per wet day in previous studies showed values between 7.3
and 15.1 mm, in contrast with historical maximum episodes (121 mm in Jaén). According to the results
obtained in our investigated drainage system, a threshold value can be identified for the tank volume,
above which the system’s efficiency does not substantially improve. This leads us to recommend
the threshold value as the design volume of the stormwater tank. This volume would be around
60 m3/ha in Jaén, a value that is in accordance with the conclusions drawn by Anta et al. (2007) [31].
Furthermore, the specific volume obtained after the application of the ATV A 128 [32] standard closely
corresponds with that previously indicated in Jaén.

This raises the possibility that the procedure used here could be just as applicable to stormwater
tanks located in the Mediterranean Basin. However, it is necessary to compare these results with field
data. Moreover, in order to expand the application area of the present research, it is important to
focus future studies on specific Mediterranean sites in the Iberian Peninsula and investigate both the
characteristics of their drainage systems and their specific rainfall regimes, with the aim of investigating
models that could work effectively for all types of basins and sewer systems, regardless of their
unique attributes.
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