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Highlights 
• Hydraulic and financial comparison between urban drainage projects. 
• Building Information Modeling (BIM) use for analyzing drainage network and cost estimating. 

 

Introduction 
Brasilia, capital of Brazil, has better sanitation indicators than the rest of the country, since most of 

its urban area has stormwater, water supply and sewage systems (PDAD, 2018). However, it is still possible 
to find a lack of this kind of infrastructure in some areas of the city. Among these areas, a region named Pôr 
do Sol stands out, once a land illegally occupied by low income people, Pôr do Sol has already been urbanized 
and needs this type of infrastructure to be normalized by the government. 

Thus, the present work has projected an urban drainage system to the Pôr do Sol neighborhood. The 
Building Information Modeling (BIM) methodology serves to better visualize the model, automatically extract 
item quantities, design the stormwater conduits and check geospatial interferences (CBIC,2016).  
It is then possible to evaluate the financial aspects of the project and predict the need for hydraulic 
compensation measures such as pervious pavement. 
 

Methodology 
All the steps required to develop this urban drainage system have been projected according to the 

open channel flow theory (COUTO, 2012). The hydrologic modeling system is used to calculate the rain 
intensity and follow the technical regulations for drainage system in Brasília, Brazil. For instance, maximum 
and minimum flow velocity equals to 6 and 1 m/s respectively, maximum distance between manholes equals 
to 80 meters and maximum full depth inside the conducts equals to 82% (NOVACAP. 2019). Moreover, 
detention basins have been designed to receive the inflows from the drainage network and discharge a 24.4 
L/s/hec according to the local rules (ADASA, 2011). Figure 1 shows the workflow that has planned the 
methodology used in this work. 

 

  
Figure 1 – Methodology workflow 

 

The study area has been analyzed, collecting urbanistic, populational and topographic data of the 
region through information available in governmental website from Brasilia. Then, the drainage pipes have 
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been drawn on AutoCAD Civil 3D software conforming, to the urbanism and topographic contour lines of the 
area, these were then modelled and designed on a Brazilian software named C3DRENESG. This software 
works as a plug in of AutoCAD Civil 3D, allowing the users to project non forced conduits, through the 
Manning Equation and calculate the sanitary sewer and stormwater systems (MOLLE, 2019).  

Subsequently, the Autodesk software Navisworks has been used to identify clashes between the 
networks and to extract the quantities of the main items of the project such as the length of the pipes, 
number of manholes, excavation and backfill volume, shoring, etc. These quantities have been used 
afterwards to estimate the cost of the urban drainage projects. The Navisworks is a software that aggregates 
data from different models such as civil, urban and topographical into a single 3D model that can be used to 
capture material quantities, simulate construction schedule and cost, visualize the entire model and detect 
interferences (AUTODESK, 2019). 

Two drainage network alternatives have been presented. The first alternative implemented 
compensatory measures in order to reduce the stormwater volume that flows towards the outlet, and the 
other did not, presenting only traditional projects with conduits, manholes, and detention basins. The 
compensatory measures used in the first alternative were nearly 49,000 m² of permeable pavement and 
infiltration swales. Both options have been compared and evaluated in terms of hydraulics efficiency, cost 
and time estimates. The Building Information Modeling (BIM) methodology has been essential to technical 
and financial cost estimating and has helped to choose the best alternative to correct the errors and plan the 
construction. 
 

Results and discussion 
Analyzing the outcomes from the stormwater systems design for both alternatives, it is possible to 

conclude that the first achieves its goals to be more sustainable, as the flow rate is proximally 13% less than 
the other alternative. Furthermore, the total sub catchment areas, the pipe length and diameter have been 
significantly reduced as shown in a Table 1. 

 
Table 1. Outcome comparison between both alternatives  

 Alternative 1 - compensatory Alternative 2 - standard 

Diameter 
[mm] 

Sub catchments 
[hectare] 

Length [m] 
Sub catchments 

[hectare] 
Length [m] 

600 39.35 7496.19 42.33 8352.97 
800 4.01 740.54 4.93 782.01 

1000 7.21 731.06 8.35 952.89 
1200 1.27 148.17 2.54 664.63 
1500 1.06 301.09 0 56.98 

 

The results also revealed a reduction of the detention basins volume due to the flow rate decrease 
as shown in Table 2. 

 
Table 2. Detention basins volume comparison between both alternatives  

 Alternative 1 - compensatory Alternative 2 - standard 

Total Volume [m³] 24838.52 29765.91 

 

The first alternative may not be financially appealing, because its construction cost is, on average, 
4% greater, despite having fewer item quantities. This is due to the use of permeable pavement which costs 
nearly twice as much as the asphaltic one. Hence, it is suggested that the government reduces the taxes on 
theses sustainable products for urban drainage purposes in order to encourage more widespread use. 

However, although the first alternative is more expensive, it reduces the impacts to the environment 
as the stormwater flow rate reduction preserves the water resources from diffuse pollution and erosive 
processes. These facts significatively enhance the quality of life of the population and need to be stimulated 
though public policies. The use of compensatory measures is recommended if the cost estimating increase is 
up to 15%. If the cost estimating is over 15%, a deeper analysis of the benefits should be done. 
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Conclusions and future work 
 The present work shows that green infrastructure solutions can decrease the surface runoff from 
rainfall events in urban areas with viable costs. Even though these measures might cost more, the 
sustainable techniques must be encouraged by the companies and government to preserve the water 
resources of the cities, prevent erosive processes and loss of natural quality of rivers due to stormwater 
discharges. 

Future Works might study more deeply the cost of those compensatory measures, in order to make 
solutions cheaper, and the stormwater systems more sustainable and usable. 

Moreover, the BIM methodology has been fundamental in compiling data from different sources and 
functioning to satisfactorily design the storm sewers; efficiently change the cost estimating process, in turn, 
allowing the comparison of both project alternatives, after implementing the compensatory measures. 
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