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ABSTRACT 

The city of Curitiba-PR has a municipal decree that establishes the criteria for the design of flood 

detention tanks. However, these guidelines do not guarantee minimum efficiency during operation, as it 

may vary depending on their base area, water depth and flow regulating orifice diameter. In this research, 

a design method was proposed, establishing some new criteria that relate impervious areas of the lots 

to the tank design parameters. The efficiency definition was established with the premise that the tanks 

should provide the return of flows from an impervious area to its pre-urbanization scenario. This 

reduction was established as 70% of the peak flow in the city of Curitiba-PR. Based on simulations of flow 

routing with the Puls Method, the optimum geometric characteristics (volume, area, water depth and 

orifice diameter) of the tanks were obtained to guarantee the decrease in the peak. Comparing the 

results obtained from the municipal legislation design, the new method provided n minimal efficiency 

and a decrease of 24% of the tank volume. 

Keywords: Urban Drainage; Flood Detention Tanks; Puls Method 

RESUMO 

A cidade de Curitiba-PR possui um decreto que estabelece os critérios de dimensionamento de 

reservatórios de contenção de cheias. Porém, estas diretrizes não garantem eficiência mínima na sua 

operação, visto que a mesma pode variar em função da área de base, lâmina d’água e diâmetro do 

orifício regulador de vazão. Nesta pesquisa foi proposto um método de dimensionamento, 

estabelecendo critérios que relacionam as áreas impermeabilizadas dos lotes aos parâmetros de 

dimensionamento dos reservatórios. A definição de eficiência foi estabelecida com a premissa de que os 

reservatórios devem proporcionar o retorno das vazões oriundas de uma área impermeabilizada à sua 

condição de pré-urbanização. Esta redução foi estabelecida em 70% para a vazão de pico no município 

de Curitiba-PR. A partir de simulações de propagação de vazão pelo Método de Puls do escoamento 

oriundo de áreas impermeabilizadas foi definido o dimensionamento ótimo dos reservatórios para 
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atendimento à redução no pico da vazão efluente em termos do volume, área de base, altura da lâmina 

d’água e diâmetro do orifício regulador. Comparando os resultados obtidos pelo dimensionamento de 

acordo com legislação municipal houve garantia de atendimento de eficiência mínima e a redução de 

24% do volume do reservatório em relação ao cálculo atual. 

Palavras chaves: Drenagem Urbana; Reservatórios de Contenção de Cheias; Método de Puls 

1 INTRODUCTION 

On-site stormwater detention (OSD) or detention tanks are a facility solution 

of stormwater management systems for urban areas. It delays peak flow and 

reduces the outlet flow rate, because the release rate is controlled by water depth 

and a hydraulic discharge structure (frequently a bottom orifice) (CANHOLI, 2005; 

CUNNINGHAM et al., 2017). A proper sizing and design allow to attenuate the peak 

flow reducing the contribution to the urban drainage system, conditioned to the 

project risk assumed. 

Silva Junior, Silva and Cabral (2017) studied compensation mechanisms, 

noting that the implementation of OSD can prevent flooding. They show the 

relevance of using detention devices as a solution for excess runoff of flood 

problems. There are several other devices that may provide peak flow attenuation 

and may include runoff reduction through infiltration and evapotranspiration 

(CUNNINGHAM et al., 2017). 

The use of these hydraulic structures to control rainwater drained in urban 

lots is the object of international research, as in Coombes et al. (2003), Campisano 

et al. (2014), Sterren, Rahman and Ryan (2014), Raimondi and Becciu (2014), Sterren 

and Rahman (2015), and Pala, Gnecco and Barbera (2017), who simulated OSD 

operation related to rainwater reuse, which shows an improved of the drainage 

approach in relation to that generally proposed in Brazil. Calabrò and Viviani (2006), 

Todeschini, Papiri and Ciaponi (2012), and UDFCD (2015) also point out that 

detention tanks can be effective tools against water quality pollution from urban 

runoff. In this context, Becciu and Raimondi (2015) also studied the residence times 
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on those tanks to promote guarantee the sedimentation of particles carried by 

precipitation. 

Table 1 shows some Brazilian cities guidelines and decrees to OSD designs. 

All propose a rule to the volume sizing related to the impervious area applied 

usually for new buildings or reforms. However, they are applied for a threshold 

area, and are not necessary for all lots. Considering a rainfall design, some rules 

does not make clear why a given value is assumed and only for São Paulo and Porto 

Alegre a return period is stated. 

Those Brazilian design guidelines (Table 1) have limitations on their use 

because they were proposed without considering the peak flow reduction as an 

objective as well the risk of failure, usually considered for a given return period on 

the rainfall intensity-duration-frequency equations. Additionally, it does not 

consider the influence of how geometry and the orifice diameter change the 

outflow. These characteristics should be present in the sizing guidelines, 

considering the OSD proposal, which is to attenuate and delay the peak flow. 

According to Paik (2008), the failure of the reservoirs can be the result of the 

uncertainty associated to the design parameters, such as the determination of the 

inlet flow rate and the duration of the flow, as well as the hydrograph from the 

relationship established between these parameters, the reservoir base area, and 

the discharge coefficient of the flow regulating orifice. 

Silveira and Goldenfum (2007) proposed a generalized design method where 

the OSD volume is obtained as the maximum difference between the inflow and 

outflow rates, where the outflow is defined as a target value. 

Considering an urban lot, the ideal reduction of runoff would be the one in 

which, using an OSD, a flow equivalent to its pre-urbanization condition would be 

produced (DRUMOND; COELHO; MOURA, 2014). In this way, a minimum efficiency 

of flow reduction could be established as a permissible site discharge so high peak 

flows in the drainage system would be prevented after the urbanization of a given 

area (QUEENSLAND, 2013). From the inlet hydrographs to the OSD, it is possible to 

perform flow propagation simulations by the Puls Method, determining the outflow 

hydrograph and evaluating the system efficiency (CANHOLI, 2005; TUCCI, 2009).  
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Table 1 – Some Brazilian cities decrees on OSD design and sizing 

City / Decree Design guides 

Curitiba (PR) 

Municipal Decree nº 

176/2007 

• Mandatory for impervious areas higher than 3,000 m2 and lots with 

permeable areas less than 25%. 

• Volume V (m³) is calculated as 𝑉 = 𝑘 𝑖 𝐴𝐼 , where k is a constant equal 

to 0.2, i is the rainfall intensity fixed as 0.08 m/h and AI (m²) is the impervious 

area. 

• The outlet orifice diameter is determined as a function of the 

calculated volume ranging from 25 to 500 mm. 

• The constant k does not show any unit in the decree, however, 

considering other units as correct it should be 0.2 h (or 12 minutes) which can 

be interpreted as a rainfall duration. 

São Paulo (SP) 

Municipal Law nº 

16.402/2016 

• Mandatory only for lot greater than 500 m2. 

• Design consider a rainfall with 10 year of return period. 

• The maximum permissible release flow rate is 𝑄𝑚𝑎𝑥 = 0.0011 𝐴 [0.38 +

(𝐷𝑝 − 0.38)(1 − 𝐷)] given in L/s, A (m2) is the lot area, and D and Dp are 

indexes calculated as function of city zone occupation rules, vegetation and 

drainage solutions and, share of permeable area. 

• The minimal volume is should be 6.3 L/m2.for the total lot area. 

Porto Alegre (RS) 

Municipal Decree nº 

18.611/2014 

• All lot with impervious areas has a maximum permissible release flow 

rate of 20.8  L/s.ha to the urban drainage network. Lots with total area lower 

than 600 m2 can receive exemption. 

• For lots with area up to 100 ha the OSD volume V(m3) is calculated by 

𝑉 = 0.0425 𝐴𝐼 where AI (m2) is the impervious area. 

• For areas greater than 100 ha the OSD should be design for a return 

period of 10 years. 

Rio de Janeiro (RJ) 

Municipal Decree nº 

23.940/2004 

• Not necessary for areas up to 500 m2. 

• For areas greater than 500 m2 the OSD volume is calculated as 𝑉 =

𝑘 𝐴𝐼 ℎ , where k is attenuation coefficient with value 0.15, AI(m2) is the 

impervious area, and h (m) is the rain depth assuming values of 0.06 or 0.07 

depending on the planning area. 

• Rain depth does not show the rainfall intensity and duration assumed. 

Recife (PE) 

Municipal Law nº 

18.112/2015 

• Mandatory for lots higher than 500 m2, built or not, with impervious 

areas higher than 25%. 

• The construction of the reservoirs is not required for the lots in which 

their rainwater does not impact the public drainage system, proven by 

infiltration and geotechnical percussion tests. 

• Volume V (m³) is calculated as 𝑉 = 𝑘 𝑖 𝐴, where k is an attenuation 

coefficient equal to 0.25, i is the rainfall intensity defined as 0.06 m/h and A 

(ha) is the total area of the lot. 

• The outlet orifice diameter is determined as a function of pre-

urbanization flow (qr), calculated as 𝑞𝑟 = 𝐶𝑟 𝑖 𝐴, where Cr is the runoff 

coefficient in the pre-urbanization scenario, i is the rainfall intensity fixed as 

0.06 m/h and A (m²) is the total area of the lot. It is strange that the decree 

suggests the use of the Manning equation to determine the orifice diameter. 

Continuation… 
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Conclusion 

City/Decree Design guides 

Niterói (RJ) 

Municipal Law nº 

2.630/2009 

• Mandatory for impervious areas higher than 500 m2. 

• Volume is calculated as 𝑉 = 𝑘 𝐴𝐼 ℎ , where k referred as an attenuation 

coefficient equal to 0.15, AI(m2) is the impervious area, and h (m) is the rain 

depth equal to 0.07 m. 

• Rain depth does not show the rainfall intensity and duration assumed. 

Guarulhos (SP) 

Municipal Law nº 

5.617/2000 

• Mandatory, according to the lot area. 

• Volume is ranging from 500 L to 3,500 L for areas between 125 and 

600 m². For lots above 600 m² the OSD volume should retain 6 L/m² of the lot 

area. 

• At the same time the law fixed the volume, its design should be 

justified by rain duration, intensity and return period chosen, considering it 

gives the higher volume for calculation by a routing flow method. 

Joinville (SC) 

Municipal Decree nº 

33.767/2019 

• OSD is mandatory for lot with higher share of impermeable areas than 

permissible. 

• OSD sizing parameters consider: (i) rainfall intensity of 144 mm/h for 

return period of 25 years and 10 minutes rainfall duration, however can 

change according to technical analysis; (ii) runoff coefficients for pre-

urbanization (𝐶𝑝𝑒𝑟 = 0,3) and post-urbanization (𝐶𝑖𝑚𝑝 = 0,9); share of 

permeable area; (iii) the orifice discharge diameter is calculated by traditional 

equations for orifices; (v) The minimum volume of OSD is 500 L. 

• First the allowed (QA) and real (QR) flowrate are calculated as 𝑄𝐴 =

𝐶𝑝𝑒𝑟  𝐴 𝑆𝐴 + 𝐶𝑖𝑚𝑝 𝐴 (1 − 𝑆𝐴) and 𝑄𝑅 = 𝐶𝑝𝑒𝑟 𝐴 𝑆𝑅 + 𝐶𝑖𝑚𝑝  𝐴 (1 − 𝑆𝑅) where SA means 

the allowed share of permeable area and SR is the proposed share for the lot. 

Finally, for 𝑄𝑅 >  𝑄𝐴 the volume is 𝑉 = (𝑄𝑅−𝑄𝐴)𝑡𝑐. 

Belo Horizonte (MG) 

Municipal Law n° 

7.166/1996 

• OSD should retain 30 L/m2 of the impervious area which exceed the 

stablished for the city zone. 

Considering the limitations shown on Brazilian municipalities decrees a new 

sizing method is proposed that defines the reduction of the peak flow to the pre-

urbanized condition as a criterion for design, as recommended by Drumond, 

Coelho and Moura (2014). Additionally, it considers the geometry influence and 

water depth constrains. This objective is achieved by means of simulations with 

different OSD dimensions, and diameters of the orifice. 
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2 THE OSD DESIGN METHOD 

2.1 Inflow hydrograph 

As in many similar applications the inflow was determined from the Rational 

Method, indicated for areas of up to 2 km² and based on Equation 1 (TUCCI, 2009) 

as: 

𝑄 =   𝐶. 𝑖. 𝐴 (1) 

where Q (m³/h) is the flow rate; C is the runoff coefficient; i (m/h) is the 

precipitation intensity; A (m²) is the area. 

Although simple, such a method is widely used, yielding satisfactory results 

in flood containment reservoir OSD projects (UDFCD, 2017). Drumond, Moura and 

Coelho (2018) compared water depths of the OSD considering the Rational Method 

with experimental results of 48 precipitation events obtaining differences below 

19%. 

The runoff coefficients were adopted for pre and post-urbanization cases 

based on Tucci (2009). The definition of the pre-urbanization scenario is based on 

natural runoff characteristics as a function of soil type as indicated by Peplau and 

Neves (2014). 

Pre- and post-urbanization flows were determined using the Rational 

Method, with specific runoff coefficients for pre-urbanization (Cpre-urb) and post-

urbanization (Cpos-urb), according to Equations 2 and 3: 

𝑄𝑝𝑟𝑒−𝑢𝑟𝑏 = 𝑄𝑝𝑟𝑒−𝑢𝑟𝑏 . 𝑖. 𝐴 (2) 

𝑄𝑝𝑜𝑠−𝑢𝑟𝑏 = 𝑄𝑝𝑜𝑠−𝑢𝑟𝑏. 𝑖. 𝐴 (3) 

in which Qpre-urb (m³/h) is the contribution flow of the area in the pre-

urbanization scenario; Qpos-urb (m³/h) is the contribution flow of the area in the post-

urbanization scenario; Cpre-urb and Cpos-urb are the runoff coefficients in the pre- and 
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post-urbanization scenarios; i (m/h) is the rainfall intensity; A (m²) is the lot area. 

These flows correspond, respectively, to the maximum permissible site discharge 

(the outflow) and the inflows of the flood containment reservoir OSD. The OSD has 

the proposal function to produce a maximum outflow correspondent to its pre-

urbanization condition after a lot being partially or totally impervious.   

The rainfall intensity is determined by intensity-duration-frequency 

equations developed for local applications. 

The return period was established based on Tassi and Villanueva (2004), who 

studied the costs of OSDs in the urban drainage network. The best efficiency-cost 

solution achieved for the macro drainage network was the OSD design using 5 

years as the return period. Frequently macro drainage design considered higher 

return periods as 10–50 years and micro drainage systems consider as 2–10 years. 

The rainfall duration followed the recommendations of Botelho (1998) where 

the time of concentration (tc) of the basin is equal to the sum of the time of 

overland flow (ts) plus 10 minutes. 

For impervious areas between 100 and 10,000 m2, the time of overland flow 

varied between 0.15 and 1.52 minutes, so a general value of 10 minutes was 

assumed for both the concentration time and the rainfall duration (BOTELHO, 

1998; CANHOLI, 2005). 

Considering the established hypotheses, the increase in the contribution 

flow of an area is due to the increase of the impermeable areas (post-urbanization 

situation), which justifies the OSD design based only in the impervious areas. As 

indicated by Canholi (2005) and São Paulo (2002), the inflow hydrograph was 

considered as the simplified triangular hydrograph method based on the Rational 

Method, that is, an isosceles triangle-shaped hydrograph with a base equal to twice 

the concentration time. The rainfall is constant, and its duration is also equal the 

concentration. The peak flow of the hydrograph is the post-urbanization flow rate 

(Qpos-urb). During a constant intensity precipitation, the flow increases until reaching 
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a maximum at the peak of the inflow, when the precipitation ceases and the flow 

gradually decreases, reaching zero (HONG; YEH; CHEN, 2006). 

2.2 Design criteria 

Barbassa and Campos (2010) studying the hydrological behavior of urban 

areas stated that the impervious areas works "directly connected". The OSD design 

was based only on the impervious areas directly connected to the urban drainage 

network, consequently producing direct runoff, without crossing permeable areas 

or infiltrating into the soil (GAROTTI, BARBASSA, 2010). 

We define the OSD design criteria as a peak flow attenuation efficiency which 

means that the OSD must compensate the impervious area (post urbanization 

scenario) bringing the outflow back to its pre urbanization flow rate. The 

relationship between pre and post urbanization flows is proportional to the runoff 

coefficients as: 

𝑄𝑝𝑟𝑒−𝑢𝑟𝑏

𝑄𝑝𝑜𝑠−𝑢𝑟𝑏
=

𝐶𝑝𝑟𝑒−𝑢𝑟𝑏 . 𝑖. 𝐴𝑝𝑟𝑒−𝑢𝑟𝑏

𝐶𝑝𝑜𝑠−𝑢𝑟𝑏 . 𝑖. 𝐴𝑝𝑜𝑠−𝑢𝑟𝑏
=

𝐶𝑝𝑟𝑒−𝑢𝑟𝑏

𝐶𝑝𝑜𝑠−𝑢𝑟𝑏
 (4) 

In the equation of the Rational Method (Equation 1) the precipitation 

intensity value is the same in both scenarios and the permeable area in the pre-

urbanization scenario becomes impermeable in the post-urbanization scenario. 

The minimum volume of the OSD was defined by Natural Reservation Loss 

Method, quoted by Canholi (2005) and adopted by Silva and Cabral (2014). This 

method proposes that the reservoir volume is equivalent to the reservation volume 

lost due to urbanization. The minimum volume, Vmin (m³), is then calculated from 

the difference between post and pre urbanization flow rates from a give 

impervious area (AIMP), connected to the OSD as: 

𝑉𝑚𝑖𝑛 = (𝑄𝑝𝑜𝑠−𝑢𝑟𝑏 − 𝑄𝑝𝑟𝑒−𝑢𝑟𝑏)𝑡 (5) 

𝑉𝑚𝑖𝑛 = (𝐶𝑝𝑜𝑠−𝑢𝑟𝑏 − 𝐶𝑝𝑟𝑒−𝑢𝑟𝑏) 𝑖 𝐴𝐼𝑀𝑃 𝑡 (6) 
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The volume calculation by itself is not enough and requires more 

comprehensive studies, analyzing the outflows according to the reservoir 

dimensions and the discharge structures (TASSI, 2002). Therefore, it is necessary 

to analyze the flow propagation behavior of the OSD and to achieve the peak flow 

attenuation efficiency. 

Figure 1 presents basic and general geometry of an OSD. The flow regulating 

orifice, located at the base of the septum, is the hydraulic discharge structure that 

allows the continuous emptying of the reservoir, and this flow must be by gravity. 

The septum works as a broad crested weir (spillway) in case the maximum water 

depth of the reservoir is reached. 

Figure 1 – Schematic of an OSD 

 

Source: Authors (202) 
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The simulation was performed by the Puls method (BROWN; STEIN; WARNER, 

2001) as described in the Appendix and solved by trial and error to obtain the peak 

flow attenuation efficiency set as 1-Cpre-urb ⁄ Cpos-urb. This procedure was repeated 

for impervious areas ranging from 100 to 10,000 m², aiming to establish the best 

set of design parameters in terms of reservoir volume (base area and height) and 

discharge orifice diameter. The objective was to establish the lowest volumes 

possible to meet the desired efficiency, since the reservoir volume is directly 

associated to the execution costs. 

The estimation of the orifice diameter was inspired on the one proposed by 

Decree nº 176/2007 of the Municipality of Curitiba (CURITIBA, 2007), according to 

the OSD volume. A new relation based on the impervious area and diameter was 

proposed as function of the efficiencies and geometries obtained through the 

simulations routing flow. As described by Cruz, Tucci and Silveira (1998), the 

combination of the orifice diameter, volume and dimensions has the purpose of 

obtaining the best set of those parameters to the OSD operation. 

In summary the proposed method considered a return period of 5 years, 

time of concentration and rainfall duration of 10 minutes. The OSD volume is 

calculated by equation 6. So, it is necessary do determine the runoff coefficients in 

a pre and post urbanization scenarios. The orifice diameter and reservoir base area 

are obtained to achieve a peak attenuation efficiency of 1-Cpre-urb ⁄ Cpos-urb. 

3 RESULTS AND DISCUSSIONS 

We considered the city of Curitiba-PR as a case study for the proposed 

method. The design rainfall intensity was based on the rainfall intensity-duration-

frequency equations for the city of Curitiba-PR, proposed by Fendrich (2003) and 

presented as: 

𝑖 =
5726,64 𝑇𝑅0,159

(𝑡 + 41)1,041
 (7) 
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in which i (mm/h) is the intensity of the precipitation; TR (years) is the period 

of return; t (min) is the rainfall duration. Considering equation 7 the rainfall 

intensity obtained is 123.44 mm/h for a return time of 5 years and the rainfall 

duration of 10 minutes. This value is even higher than the one proposed by Curitiba 

(2007) of 80 mm/h. 

The sedimentary basin of Curitiba-PR is mainly located in the Guabirotuba 

Formation, which is basically composed of clays, according to a geotechnical 

mapping study by Talamini Neto (2001) and analysis of the Geological Map of the 

State of Paraná (MINEROPAR, 2006). The value of 0.25 was adopted for the runoff 

coefficient, calculated by the average of the expected values for heavy soils with 

medium slopes and high slopes (TUCCI, 2009). For the post-urbanization scenario, 

the value of 0.84 was assumed as the average of the expected values for asphalt, 

concrete, sidewalks and roof surfaces (TUCCI, 2009). These values result in 70% of 

the attenuation peak flow. 

Figure 2 shows the results of a simulation of the OSD with emphasis on the 

70% attenuation of the peak flow. All the simulations present the same pattern, 

varying the magnitude of the flows, and whose focus was to determine the peak 

flows. 

Figure 2 – Inflow and outflow hydrograph examples of the OSD for an impervious area 

of 1000 m² and 70% of peak reduction flow 

 

Source: Authors (2020) 
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In Figure 3, the results that lead to the new sizing design of the OSD obtained 

by simulation to meet the criterion of the peak flow attenuation are graphically 

presented. The diameter of the orifice was increasingly adopted with the increasing 

of the impervious area (and the inflow rate as well) to balance the base area of the 

OSD and to meet the desired minimum efficiency peak flow attenuation. Therefore, 

there is a compromise between the base area, orifice diameter and water depth. 

An additional constrain was to restrict the maximum water depth (the reservoir 

high) to 2.70 m, considered to respect maximum and feasible use of the available 

height in a typical building floor. 

For a better understanding the sizing parameters shown in Figure 3, Table 2 

synthesizes the diameter of orifice adopted as a function of the impervious area.  

Figure 3 – Design parameter of OSD as function of the impervious area. Lines 

represents parameters as volume, orifice diameter, base area and water depth. The dot 

line represents the volume considered by Decree nº 176/2007 of the Municipality of 

Curitiba (CURITIBA, 2007). 

 

Source: Authors (2020) 

Table 2 – Orifice diameter (d) as function of the impervious area (AIMP) 
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AIMP (m²) d (mm) AIMP (m²) d (mm) 

0 – 100 25 1400 – 2200 75 

100 – 300 25 2200 – 3900 100 

300 – 600 40 3900 – 6000 125 

600 – 1000 50 6000 – 8600 150 

1000 – 1400 60 8600 – 10000 175 

In addition, a general equation to determine the base area was fitted as a 

function of the impervious area and the orifice diameter 

𝐴𝐵 = 7,1685.10−4𝑑3,979𝐴𝐼𝑀𝑃
−1  (8) 

in which AB (m²) is the base area of OSD; d (mm) is the orifice diameter and 

AIMP (m²) is the impervious area. 

Finally, considering Cpre-urb=0.25, Cpos-urb=0.84, i=123.44 mm/h and t=10 min 

the volume applied from equation 6 returns 

𝑉 = 0,01214𝐴𝐼𝑀𝑃 (9) 

Using the base area value from equation 8 and Table 2 the water depth can 

be calculated assuming the uniform prism shape by the relationship h=V⁄AB. It is 

important to highlight that the OSD base geometry is not fixed and can be chosen 

according to design needs. 

The OSD design criteria developed reduces in 24% the volume defined by the 

Municipal Decree 176/2007 (CURITIBA, 2007). At the same time the design rainfall 

increased from 80 mm/h to 123 mm/h, explaining the return period and rainfall 

duration assumptions. In addition, at the OSD design condition the peak 

attenuation efficiency is guaranteed while considering the decree sizing criteria it 

is unknown a priori. This aspect is highlighted in Figure 4 that shows the peak flow 

attenuation efficiency an OSD volume defined according to the guidelines of the 

decree, but with different areas of base, which is not a defined criterion.  
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Additionally, according to Figure 4, the marginal increase on efficiency 

decreases with the increase of the base area, justifying the assumption of a 

minimal efficiency criteria which is not considered in any of the guides shown in 

Table 1. 

Figure 4 – Peak attenuation efficiency for an OSD designed according to the Municipal 

Decree 176/2007 (CURITIBA, 2007) as function of the base area. The OSD considered 

AIMP=100 m², d= 25 mm yielding V=1.6 m³ 

 

Source: Authors (2020) 

4 CONCLUSION 

This research proposed a new method for OSD design considering a peak 

attenuation efficiency as the OSD goal. This efficiency was established as a function 

of the change in the runoff coefficient pre and post-urbanization scenarios This 

characterization is innovative and can be applied to other localities by defining the 

runoff coefficients in each case. 

Additionally, the efficiency depends on the base area, water depth and orifice 

diameter. The degrees of freedom for sizing proposal was solved applying the 

Natural Reservation Loss Method (CANHOLI, 2005) to the OSD volume calculation, 
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which is also based on the runoff coefficients and the impervious area. The 

maximum water depth was set at 2.70 m for optimization of the area used in a 

pavement, so these criteria allows manage the OSD position in the building area.  

A case study was shown for the city of Curitiba-PR aiming a peak attenuation 

of 70% which reduces the volume sizing according to its own legislation in 24% even 

considering a higher rainfall intensity for design. Our simulations ensure a better 

design for short duration rainfalls (when duration is equal to time of 

concentration), and simulations should be done to verify if  it works properly for 

longer rainfall durations. Besides the case study this method can be applied to 

other regions considering the specific local parameters. 

The OSD volume was calculated by the Natural Reservation Loss Method 

which considered the reservoir volume as equivalent to the reservation volume lost 

due to urbanization. This is an interesting concept and can be integrated to 

proposals of OSD with infiltration reducing even more the peak flow or reducing 

the base area needed. 

Finally, the proposed method can be applied to other locations, considering 

pre and post-urbanization runoff coefficients, and the rainfall design. The method 

has the assumptions as limitations and should be considered as a guideline for pre 

sizing considering the peak attenuation as a main target. Additional simulations 

can be done to change parameters and include additional or specific restrictions 

to obtain the better combination of water depth, area and discharge orifice.  
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APPENDIX 

The outflows calculation was based on the Puls Method (BROWN; STEIN; 

WARNER, 2001), which solves the routing flow in reservoirs according to the 

continuity equation 

𝑑𝑆

𝑑𝑡
= 𝐼 − 𝑄 (A.1) 

where S (m³) is the storage, I (m³/h) is the inflow and Q (m³/h) is the outflow.  

Its discretization generates the equation 

𝑆𝑡+∆𝑡 − 𝑆𝑡

∆𝑡
=

(𝐼𝑡 + 𝐼𝑡+∆𝑡)

2
−

(𝑄𝑡 + 𝑄𝑡+∆𝑡)

2
 (A.2) 

where It and It+Δt (m³/h) are the inflows into the reservoir at time t and t+Δt, Q t and 

Qt+Δt (m³/h) are the outflows of the reservoir at t and t+Δt, S t and St+Δt (m³) are the 

storages in t and t+Δt, (h) is the time interval. 

The outflow through the orifice was given by equation 

𝑄𝑠 = 𝐶𝑑  × 𝐴0 × √2 × 𝑔 × ℎ0 (A.3) 

where Qs (m³/s) is the outflow; Cd is the discharge coefficient of the orifice in the 

dimensionless value of 0.6, as indicated by Canholi (2005) for sharp edges orifices; 

A0 (m²) is the cross-sectional area of the orifice, g is the acceleration of gravity (9.81 

m/s²), and h0 (m) is the height of the water surface above the central axis of the 

orifice. 

The outflow through the spillway was given by 

𝑄𝑠 = 𝐶𝑣 × 𝐵 × (𝑧 − 𝑧𝑘)3/2 (A.4) 

where Qs (m³/s) is the outflow; Cv is the discharge coefficient of the spillway 

assumed as 2.0, within the range of values obtained by Guimarães (2011) in tests 

for spillway of broad crest with flat profile; B (m) is the spillway width assumed to 

be 1.50 m, considering a square divisor septum with 0.75 m side, with two sides 

working as a spillway; z (m) is the water depth, and zk (m) is the height of the 

spillway crest. 


