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Executive Summary 
This deliverable 3.1 (D3.1) is the first one of the Work Package 3 (WP3) in the D4RUNOFF 
project. WP3 is divided in four tasks of six months each, with a total of three deliverables. In 
this one, the work done during the first year of the project is summarised in a public document 
open to comments and suggestions: the urban drainage library and the parametric design of 
the Nature-Based Solutions (NBS) included in this library. The next two deliverables (D3.2 and 
D3.3) will complete the WP3 adding the Multi-Criteria Decision Analysis (MCDA) and the 
Geographical Information Systems (GIS) with the final aim of selecting the best place for the 
NBS needed to improve the existing urban drainage conditions.  

The principal objective of the D3.1 is to propose a library of urban drainage solutions and a 
simplified parametric design methodology of the NBS. Firstly, the D4RUNOFF researchers 
have reviewed the main references, highlighting the NBS classification made by the European 
project Green-Up, to propose a simplified list of techniques that includes a total of 13 NBS in 
the context of the urban drainage. Each one of the techniques included in the library counts 
with a complete file that includes information related with different aspects and criteria to be 
considered during the decision-making process. Afterwards, the design methodology of each 
one of the NBS was studied, identifying the main parameters like occupation area or water 
depth. With this knowledge, an Excel spreadsheet has been prepared to help with the initial 
design. This tool is openly available as annex and a specific chapter describes how to use it. 
Moreover, from the parametric calculations, a methodology to develop NBS drainage elements 
for Building Information Modelling (BIM) is proposed, giving the needed instructions to work 
with the NBS design Excel spreadsheet. This methodology has been complemented by a 
detailed state of the art regarding the existing scientific publications dealing with the depuration 
capacity of some Contaminants of Emerging Concern (CECs) by the NBS. 

As main final remarks, it is important to highlight the maturity of the main typologies of NBS, 
mainly related with infiltration (e.g., bioretention areas), and the probed depuration capacity of 
the NBS and their positive impact the drainage systems and the whole cities, with multiple 
advantages related with sustainability and resilience. With all, there is a deficit of knowledge 
in how some techniques deal with CECs, which confirms the need of new screening methods 
and sensors to make it possible to improve the monitorization of NBS soon.  
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Figure 1. Flowchart defining the use of this library.  

 

As it can be observed in the figure, the process begins with a conflictive point (Study point) 
where some stormwater related problem was detected. This point can be a river or water 
stream, a pump station of the sewerage system, a wastewater treatment plant, or any point of 
the storm sewer network. Once the study point was defined, the next step is to characterize 
the basins and sub-basins that drain into it, considering not only the direct runoff drained by 
gravity, but also the area drained through the sewer network that finally flow through the study 
point. Besides, it is necessary to define the problem statement, in other words, what 
stormwater related problem in relation to water quality or/and water quantity issues is 
necessary to treat. With this information it is possible to enter the library and obtain a list of 
technically available solutions for the problem stated in the selected study point. The more 
complete the characterization of the basins and sub-basins at the study point and the problem 
statement, the better the accuracy of the obtained solutions. Additionally, it is also possible to 
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Maintenance4,5 

Bioretention systems require intensive and regular maintenance to avoid clogging with sediments. The 
basins should be inspected monthly to identify further maintenance requirements; litter and plant debris 
should be removed, and eroded areas should be restored. Maintenance operations should include: 
pruning, mowing, watering, fertilization, dead plant removal, inlet and outlet inspection and filter media 
replacement. 

Construction and maintenance costs*4,5,7,8 

Construction costs: 150 to 250 Eur/m³ (storage volume) // 10 to 50 Eur/m² (drainage area) // 50 to 500 
Eur/m² (system area). 

Maintenance costs: 0.5 to 10% of construction costs per year (similar costs than normal landscape 
maintenance). 

*Bioretention practices can vary depending on size, maintenance required and cost of materials. Estimated cost range of a 
bioretention is between $120 to $500 per square meter of bioretention area. Construction costs can range from $50,000 to 
$200,000 per acre of impervious surface treated, with smaller systems being more expensive per acre. In addition, retrofits with 
complex existing infrastructure may be more expensive than new construction. Maintenance costs can be estimated to be in the 
range of 0.5 – 10% of construction costs in an annual basis.  

References 
1Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
2Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; 
CIRIA: London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
3Eisenberg, B. and Polcher, V. 2020. Nature-Based Solutions Technical Handbook. UNaLab Horizon. Available at: 
https://unalab.eu/ system/files/2020-02/unalab-technical-handbook-nature-based-solutions2020-02-17.pdf 
4Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, 
USA. Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
5Pennsylvania Department of Environment (2006). Pennsylvania Stormwater Best Management Practices Manual. Available at:  
http://www.stormwaterpa.org/bmp-manual-chapter-6.html 
6European Commission (2013). Natural Water Retention Measures. Individual NWRM: Rain gardens Available at: 
http://nwrm.eu/sites/default/files/nwrm_ressources/u9_-_rain_gardens.pdf 
7Environmental Protection Agency (2021). Stormwater Best Management Practice: Bioretention (Rain Gardens). Available at:  
https://www.epa.gov/system/files/documents/2021-11/bmp-bioretention-rain-gardens.pdf 
8World Bank, (2021). A Catalogue of Nature-Based Solutions for Urban Resilience. World Bank. Available at:  
https://openknowledge.worldbank.org/bitstream/handle/10986/36507/A-Catalogue-of-Nature-based-Solutions-for-Urban-
Resilience.pdf?sequence=1&isAllowed=y. 
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2.3 Filter Strips 

System 

 
Filter Strips 

  

Primary uses 

Source Control  Transportation  Retention  Infiltration   

Pretreatment X Treatment       

Description1 

Filter strips are uniformly graded and gently sloping strips of grass or other dense vegetation that are 
designed to treat runoff from adjacent impermeable areas by promoting sedimentation, filtration and 
infiltration. The runoff flows as a sheet across the filter strip at sufficiently low velocities that allows treatment 
processes to take place effectively. They are normally used as pretreatment component before swales, 
bioretention systems and trenches. Filter strips are most suitable for treating stormwater discharge from 
roads and highways, roof downspouts, very small parking lots, and pervious surfaces. 

Subcategories2 

Vegetative Filter Strips: Planted with perennial grass or legumes with high rates of nitrogen fixation and 
removal. 

Prairie filter strip: Populated with local prairie grasses provides more biodiversity and make filter strips better 
suited for adverse weather. 

Forested riparian buffer: Populated by indigenous trees and flora. Better suited for local fauna. 

Wind buffer: Structured in rows of planted trees in order to prevent soil erosion. Mainly used to prevent 
drifting of snow and as noise barriers along highways. 

Applications3 

Residential X Commercial X Industrial X High 
Density X Road/Highway X  

Location4,5 

Roadway/Roadside X Pathway/Cycleway  Car park X Roundabout   

Gas Station  Vehicles serv. 
area  

 Green/Open 
Area 

X Urban Park X  

House/Building X Urban Planter  Square/Plaza  Water Course X  
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Water quality4 

Nutrients L Sediments M Metals L Bacteria L  

Oil and Grease M Trash and Debris M      

Emerging Pollutants 

Biocides & T.P. Y Tyre Compounds N/A Pharmaceuticals N/A Microplastics N/A  

Personal Care 
Products 

N/A Industrial 
Chemicals 

Y Fossil Fuel and 
Combustion 

products 

Y  
 

 

Water quantity4 

Volume Reduction M Peak Flow Reduction M Groundwater Recharge L   

*Filter strips provide some degree of peak flow attenuation and volume reduction, especially in unlined systems with subsoils that allows 
infiltration. However, it should be noted that their main scope is to reduce sediments and sediment-related pollutants as a pretreatment 
device for other NBS. 

Maintenance4 

Maintenance of filter strips is relatively straightforward for landscape contractors and typically there should 
be a small amount of extra work (if any) required for a filter strip over and above what is necessary for 
standard public spaces. The major maintenance requirement for filter strips is mowing. Occasionally, 
sediments will need to be removed.  

Construction and maintenance costs6,7 

Construction costs:  2 – 5 Eur/m² with maximum costs in the range of 10 Eur/m².  

Maintenance costs: 0.02 – 0.35 Eur/m². 

References 
1Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
3Pennsylvania Department of Environment (2006). Pennsylvania Stormwater Best Management Practices Manual. Available at:  
http://www.stormwaterpa.org/bmp-manual-chapter-6.html 
4Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
5Environmental Protection Agency (2021). Stormwater Best Management Practice: Vegetated Filter Strips. Available at: 
https://www.epa.gov/system/files/documents/2021-11/bmp-vegetated-filter-strip.pdf 
6European Commission (2013). Natural Water Retention Measures. Individual NWRM: Filter Strips. Available at: 
http://nwrm.eu/sites/default/files/nwrm_ressources/u6_-_filter_strips.pdf 
7Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
8Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
9European Commission (2013). Natural Water Retention Measures. Individual NWRM: Filter strips. Available at: 
http://nwrm.eu/sites/default/files/nwrm_ressources/u6_-_filter_strips.pdf 
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Location4 

Roadway/Roadside  Pathway/Cycleway  Car park  Roundabout   

Gas Station  Vehicles serv. 
area  

 Green/Open 
Area 

 Urban Park   

House/Building X Urban Planter  Square/Plaza  Water Course   

Scale of application 

Building X Neighborhood  District  City   

Lifespan 

Short Term  Medium Term  Long Term X    

Space usage 

Monofunctional  Multifunctional X      

Required Area5,6 

System area: 0 to 0.1 km². 

Drainage area: It is recommended that impervious roof area that drain into the green roof not surpass 50% of 
the green roof area.  

Ecosystem Functions4 

Air quality maintenance, climate regulation, pollination, inspiration, aesthetic values, social relations, 
recreations and ecotourism. 

Benefits4 

Climate change mitigation and adaptation (5/5)  
Water management (3/5) 
Green Space management (3/5) 
Air quality (2/5) 
Urban regeneration (1/5) 
Public health and wellbeing (2/5) 
Potential of economic opportunities and green jobs (3/5) 

Relationship with SDG 

Direct 
3: Good Health and well-being 
7: Affordable and Clean Energy 
11: Sustainable Cities and Communities 
13: Climate Action 

Indirect 
2: Zero Hunger 
6: Clean Water and Sanitation 
15: Life on land 
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Emerging Pollutants 

Biocides & T.P. Y Tyre Compounds N/A Pharmaceuticals Y Microplastics N/A  

Personal Care 
Products 

Y Industrial 
Chemicals 

N/A Fossil Fuel and 
Combustion 

products 

N/A  
 

 

Water quantity3,11,12,13,14,15 

Volume Reduction M Peak Flow Reduction L Groundwater Recharge -   

Green Roofs are able to manage around 23 to 100% of the stormwater they receive depending on the rainfall patterns in the site location, 
the green roof structure, season and interval between storms. Standard water retention capacity range in green roofs, depending on the 
type of green roof, varies from 20 – 50 l/m² for extensive green roofs to 30 – 160 l/m² for intensive green roofs. When totally saturated the 
hydraulic performance of green roofs tends to be similar to standard roofs. Evapotranspiration can be assumed to be in the range of 1 – 6 
mm/day, higher in summer periods and in hottest areas.  

It is important to note that green wall effectiveness credit for water management is conditioned to the use of water collected on the building 
or house rooftop to irrigate vegetation in the green wall since the capacity of vertical greening system to catch rainwater is very limited 
due to their reduced plan dimensions. In these conditions, the use of collected rainwater in the rooftop to irrigate vegetation in a green 
wall that cover a full sidewall of a building can reduce between 45% and 75% of total rainfall generated by a building during a single storm 
event. 

Maintenance1,14 

Green roofs require semi-annual inspections to ensure water outlets are clear of (dead and living) plants 
and debris. Extensive green roofs require minimal maintenance while an intensive green roof requires regular 
garden maintenance including pruning, cleaning and removal of debris, soil amendment, and nourishment. 
Maintenance of Green Walls is quite similar than for green roofs, consisting mainly in pruning and cleaning. 

Construction and maintenance costs5,9,10 

The cost of green roof installation varies widely depending on the types of building solutions, the complexity 
of the installation roof, and material and labor costs at the site location. As reference costs can be considered:  
for extensive green roofs: 50 Eur/m² – 225 Eur/m²; and for Intensive green roofs: > 150 Eur/m².  

The cost of Green Facades (Green walls) installation varies widely depending on the system used. The cost 
of direct greening system is around 30 to 45 Eur/m² for grown climbing plants. In the case of indirect greening 
system, the cost range is 40 to 75 Eur/m². When planter boxes are combined with supporting systems the 
costs significantly vary from 100 to 800 Eur/m², depending on the used material. In the case of living wall 
system, the costs can significantly vary: from 400 to 1200 Eur/m² depending on system conception and 
material used. 

Maintenance costs on green roofs will be a function of the type of roof as well as of the local climate and 
weather. Intensive green roofs are generally more expensive than extensive green roofs (Extensive green 
roofs: 0.5 Eur/m²/year to 3 Eur/m²/year; Intensive green roofs: 3.50 Eur/m²/year – 15 Eur/ m²/year). 
Maintenance costs of green walls ranged from 2.8 Eur/m²/ year to 14.5 Eur/m²/year depending on the used 
system, being higher for living walls and systems that use planter boxes. 

References 
1World Bank, (2021). A Catalogue of Nature-Based Solutions for Urban Resilience. World Bank. Available at:  
https://openknowledge.worldbank.org/bitstream/handle/10986/36507/A-Catalogue-of-Nature-based-Solutions-for-Urban-
Resilience.pdf?sequence=1&isAllowed=y. 
2U.S. General Services Administration (USGSA). 2011. The Benefits and Challenges of Green Roofs on Public and  
Commercial Buildings. May 2011. Available at: 
https://www.gsa.gov/cdnstatic/The_Benefits_and_Challenges_of_Green_Roofs_on_Public_and_Commercial_Buildings.pdf 
3Pennsylvania Department of Environment (2006). Pennsylvania Stormwater Best Management Practices Manual. Available at:  



 

 33 

http://www.stormwaterpa.org/bmp-manual-chapter-6.html 
4Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
5European Commission (2013). Natural Water Retention Measures. Individual NWRM: Green roofs. Available at:  
http://nwrm.eu/measure/green-roofs 
6Philadelphia Water Department (2020). Stormwater Management Guidance Manual, Version 3.2, October 2020. Available at: 
https://www.pwdplanreview.org/upload/manual_pdfs/PWD-SMGM-v3.2-20201001.pdf 
7Iwaszuk, E., Rudik, G., Duin, L., Mederake, L., Davis, M., Naumann, S., and Wagner, I., (2019). Addressing Climate Change in Cities. 
Catalogue of Urban Nature-Based Solutions. Ecologic Institute, the Sendzimir Foundation: Berlin, Krakow. Available at: 
https://www.ecologic.eu/sites/default/files/publication/2020/addressing-climate-change-in-cities-nbs_catalogue.pdf 
8Akther, Musa, Jianxun He, Angus Chu, Jian Huang, and Bert Van Duin. (2018)., A Review of Green Roof Applications for Managing 
Urban Stormwater in Different Climatic Zones. Sustainability 10, no. 8: 2864. https://doi.org/10.3390/su10082864 
9Eisenberg, B. and Polcher, V. 2020. Nature-Based Solutions Technical Handbook. UNaLab Horizon. Available at: 
https://unalab.eu/ system/files/2020-02/unalab-technical-handbook-nature-based-solutions2020-02-17.pdf 
10Iwaszuk, E., Rudik, G., Duin, L., Mederake, L., Davis, M., Naumann, S., and Wagner, I., (2019). Addressing Climate Change in Cities. 
Catalogue of Urban Nature-Based Solutions. Ecologic Institute, the Sendzimir Foundation: Berlin, Krakow. Available at: 
https://www.ecologic.eu/sites/default/files/publication/2020/addressing-climate-change-in-cities-nbs_catalogue.pdf 
11Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
12Liu, Y., Engel, B.A., Flanagan, D.C., Gitau, M.W., McMillan, S.K., Chaubey, I., (2017). A review on effectiveness of best management 
practices in improving hydrology and water quality: Needs and opportunities. Science of the Total Environment, 601-602, pp. 580-593. 
https://doi.org/10.1016/j.scitotenv.2017.05.212 
13Berghage, R. D., Beattie, D., Jarrett, A. R., Thuring, C., Razaei, F., & O’Connor, T. P. (2009). Green roofs for stormwater runoff control. 
National risk management research laboratory, office of research and development, U.S. Environmental Protection Agency, Cincinnati, 
OH, USA. Available at: https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P1003704.txt 
14Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
15Raimondi, A.; Marchionni, M.; Sanfilippo, U.; Becciu, G. Vegetation Survival in Green Roofs without Irrigation. Water 2021, 13, 136. 
https://doi.org/10.3390/w13020136 
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2.5 Infiltration Basins 

System 

 
 

Infiltration Basins 

 

Primary uses 

Source Control  Transportation  Retention  Infiltration X  

Pretreatment  Treatment       

Description1,2,3 

Infiltration basins are stormwater impoundments, over permeable soils with vegetated bottoms and side slopes. 
Infiltration basins are designed to reduce stormwater volumes through exfiltration and groundwater recharge. 
They are ideal for use as playing field, recreational areas or public open space. 

Subcategories4,5 

There are 2 types of infiltration basins: full exfiltration and partial or off-line exfiltration. Full exfiltration basins 
are designed to store, treat, and exfiltrate all the inflow water. Partial or off-line exfiltration basins are designed 
to exfiltrate a portion of the runoff (usually the “first flush”), while diverting the remaining runoff to another 
system through flow splitters or weirs.  

Additionally, infiltration basins may be designed as surface or sub-surface system. Surface systems are those 
which have a free water surface area, while sub-surface systems provide similar functions without a free water 
surface area (below ground system).  

Applications1,2,6 

Residential X Commercial X Industrial  High 
Density  Road/Highway   

Location4 

Roadway/Roadside  Pathway/Cycleway  Car park  Roundabout   

Gas Station  Vehicles serv. 
area  

 Green/Open 
Area 

X Urban Park X  

House/Building  Urban Planter  Square/Plaza  Water Course   
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2.6 Dry Wells 

System 

 
 

Dry Wells 

 

Primary uses 

Source Control  Transportation  Retention  Infiltration X  

Pretreatment  Treatment       

Description1, 2 

Dry wells are excavated pits (usually small), backfilled with aggregate, and used to infiltrate uncontaminated 
runoff from roofs. Dry wells are constructed to reduce stormwater runoff volumes through increased 
groundwater recharge and can be used as retrofits of highly urbanized areas. Dry wells are stormwater 
infiltration devices typically constructed of a vertical pipe that extends deep into the subsurface without 
contacting the groundwater table. They are characterized as infiltration facilities that are deeper than they are 
wide. Perforations are located along the length of the pipe and/or at the bottom to permit stormwater to flow 
from various parts of the well into the surrounding soils. 

Subcategories1, 2 

There are many varieties in construction and design practices that affect the placement of perforations, use of 
geotextiles, and use of internal gravel or rocks. Dry wells can be used in a variety of situations, but have unique 
advantages in areas with shallow clay or hardpan soils because they facilitate the movement of stormwater 
runoff below these types of constricting layers to facilitate infiltration. Multiple dry wells can be installed to create 
treatment trains for large drainage areas. 

Applications2 

Residential X Commercial X Industrial  High 
Density X Road/Highway   
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Emerging Pollutants 

Biocides & T.P. Y Tyre Compounds N/A Pharmaceuticals N/A Microplastics N/A  

Personal Care 
Products 

N/A Industrial 
Chemicals 

Y Fossil Fuel and 
Combustions 

Products 

N/A  
 

 

Water quantity1 

Volume Reduction H Peak Flow Reduction M Groundwater Recharge H   

Maintenance1,2 

• Inspect well at least 4 times a year and after major storm events to ensure that maximum draw down 
time (72 hours) is not being exceeded. 

• Clean roof gutters to prevent clogging of dry well. 
• Replace filter screen as necessary. 

Construction and maintenance costs1,2,4 

Construction costs: 90 to 315 Eur/m³ (storage volume). Typical costs range from 500 to 1000 Eur. 

Maintenance costs: yearly maintenance costs of 0.25 – 1.25 Eur/m² (treated area). Around 5 to 10% of 
construction costs per year. 

References 
1Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. Available 
at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
2Pennsylvania Stormwater Best Management Practices Manual (2006). Chapter 6: Structural BMPs. Available at: 
http://www.starkenvironmental.com/downloads/PADEP.pdf 
3Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 

4European Commission (2013). Natural Water Retention Measures. Individual NWRM: Soakaways. Available at: 
http://nwrm.eu/measure/u7_-_soakaways.pdf 
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2.7 Infiltration Trenches 

System 

 
 

Infiltration Trenches 

 

Primary uses 

Source Control  Transportation  Retention  Infiltration X  

Pretreatment  Treatment       

Description1, 2 

Infiltration trenches can be defined as simply linear soakaways and are shallow excavations covered with rubble 
or stone that enhance the natural ability of soil to drain water. An Infiltration Trench is a linear stormwater BMP 
consisting of a continuously perforated pipe at a minimum slope in a stone-filled trench.  An Infiltration Trench 
may be used as part of a larger storm sewer system, such as a relatively flat section of storm sewer, or it may 
serve as a portion of a stormwater system for a small area, such as a portion of a roof or a single catch basin. In 
all cases, an Infiltration Trench should be designed with a positive overflow. Usually, an Infiltration Trench is part 
of a conveyance system. Their main function is to infiltrate runoff water and hence are normally used as end of 
train systems or to infiltrate runoff water from nearby impervious areas.  

Subcategories1, 2 

Infiltration Trenches generally have a vegetated (grassed) or gravel surface. Infiltration Trenches also may be 
located alongside or adjacent to roadways or impervious paved areas with proper design. Infiltration trenches 
can be built with crushed stone or rubble in order to allow high void ratios in the system that improves water 
storage and infiltration. Systems can include an underlying perforated pipe to prevent overflow. Reactive media 
(e.g., zeolite, activated carbon, oxide-coated sand, etc.) may be incorporated into the design to increase sorption 
capacity and target specific pollutants. 

Applications2 

Residential X Commercial X Industrial X High 
Density X Road/Highway X  

Location3 

Roadway/Roadside X Pathway/Cycleway  Car park X Roundabout   

Gas Station  Vehicles serv. 
area  

 Green/Open 
Area 

 Urban Park X  
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Maintenance1 

It is essential to conduct regular maintenance, including removing litter and debris, inspecting for clogging and 
trimming any roots that could cause blockages. The catch basin and inlets require inspection and cleaning at 
least two times per year. In addition, the vegetation (if used) should be kept in good condition and bare spots 
should be repaired as quickly as possible. For the first few months after construction, the site should be inspected 
after every big storm to make sure the infiltration trench is stabilized and functioning. 

Construction and maintenance costs1,4 

Construction costs: 70–90 Eur/m3 stored volume.  

Maintenance costs: 0.25–4 Eur/m2 (surface area)/year. 

References 
1Iwaszuk, E., Rudik, G., Duin, L., Mederake, L., Davis, M., Naumann, S., and Wagner, I., (2019). Addressing Climate Change in Cities. 
Catalogue of Urban Nature-Based Solutions. Ecologic Institute, the Sendzimir Foundation: Berlin, Krakow. Available at: 
https://www.ecologic.eu/sites/default/files/publication/2020/addressing-climate-change-in-cities-nbs_catalogue.pdf 
2Pennsylvania Stormwater Best Management Practices Manual (2006). Chapter 6: Structural BMPs. Available at: 
http://www.starkenvironmental.com/downloads/PADEP.pdf 
3Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. Available 
at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
4World Bank, (2021). A Catalogue of Nature-Based Solutions for Urban Resilience. World Bank. Available at:  
https://openknowledge.worldbank.org/bitstream/handle/10986/36507/A-Catalogue-of-Nature-based-Solutions-for-Urban-
Resilience.pdf?sequence=1&isAllowed=y. 
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7Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
8Ortega-Villar, R., Lizárraga-Mendiola, L., Coronel-Olivares, C., López-León, L. D., Bigurra-Alzati, C. A., & Vázquez-Rodríguez, G. A. 
(2019). Effect of photocatalytic Fe2O3 nanoparticles on urban runoff pollutant removal by permeable concrete. Journal of environmental 
management, 242, 487-495. https://doi.org/10.1016/j.jenvman.2019.04.104 
9European Commission (2013). Natural Water Retention Measures. Individual NWRM: Permeable paving. Available at: 
http://nwrm.eu/sites/default/files/nwrm_ressources/u3_-_permeable_paving_0.pdf 
10Pennsylvania Department of Environment (2006). Pennsylvania Stormwater Best Management Practices Manual. Available at:  
http://www.stormwaterpa.org/bmp-manual-chapter-6.html 
11Environmental Protection Agency (2021). Stormwater Best Management Practice: Permeable Pavements. Available at: 
https://www.epa.gov/system/files/documents/2021-11/bmp-permeable-pavements.pdf 
12Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
13 Stormwater Management Division, Bureau of Sanitation, Department of Public Works, City of Los Angeles (2000). Reference Guide 
for Stormwater Best Management Practices, California, LA, USA. Available at: 
https://www.waterboards.ca.gov/rwqcb2/water_issues/programs/stormwater/muni/nrdc/16%20bmp_refguide%5b1%5d.pdf 
14 Politecnico di Milano (2019). Catalogue of Nature-Based Solutions for Urban Regeneration: Final Report. Energy & Urban Planning 
Workshop. Milano, Italy. Available at:  http://www.labsimurb.polimi.it/download/1485/ 
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Applications4 

Residential X Commercial X Industrial X High 
Density  Road/Highway X  

Location2,5 

Roadway/Roadside  Pathway/Cycleway  Car park  Roundabout   

Gas Station  Vehicles serv. 
area  

 Green/Open 
Area 

X Urban Park X  

House/Building  Urban Planter  Square/Plaza  Water 
Course   

Scale of application 

Building  Neighborhood X District X City X  

Lifespan 

Short Term  Medium Term  Long Term X    

Space usage 

Monofunctional  Multifunctional X      

Required Area2,4,6 

Drainage Area: 0 – 10 km² (unless sufficient groundwater flow). 

System Area: 1% – 7% of the drainage area (Minimum 0.1 ha). 

Ecosystem Functions1 

Disturbance Regulation, Water regulation, Erosion Control, waste treatment, Cultural. 

Benefits1 

Climate change mitigation and adaption (3/5) 
Water Management (5/5) 
Green Space Management (4/5) 
Air quality (4/5) 
Urban regeneration (1/5) 
Public Health and wellbeing (4/5) 
Potential of economic opportunities (2/5) 

Relationship with SDG 

Direct 
3 Good Health and Well-Being 
6 Clear Water and Sanitation 
13 Climate Action  

Indirect 
11 Sustainable Cities and Communities 
14 Life Below Water 
15 Life on Land 
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References 
1Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
2European Commission (2013). Natural Water Retention Measures. Individual NWRM: Retention ponds. Available at:  
http://nwrm.eu/sites/default/files/nwrm_ressources/u11_-_retention_ponds.pdf 
3Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
4Pennsylvania Department of Environment (2006). Pennsylvania Stormwater Best Management Practices Manual. Available at:  
http://www.stormwaterpa.org/bmp-manual-chapter-6.html 
5Urban Drainage and Flood Control District (2011). Urban Storm Drainage Criteria Manual: Volume 3, Best Management Practices. 
Available at: https://mhfd.org/wp-content/uploads/2021/01/01_USDCM-Volume-3.pdf 
6Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
7Environmental Protection Agency (2021). Stormwater Best Management Practice: Wet ponds. Available at:  
https://www.epa.gov/system/files/documents/2021-11/bmp-wet-ponds.pdf 
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Applications6,7,8,9 

Residential X Commercial X Industrial X High 
Density  Road/Highway X  

Location 

Roadway/Roadside X Pathway/Cycleway X Car park X Roundabout   

Gas Station  Vehicles serv. 
area  

 Green/Open 
Area 

 Urban Park X  

House/Building  Urban Planter  Square/Plaza  Water Course   

*Linear drainage systems can be used in roadways, both, at the roadside or at the median of the roadway. 

Scale of application 

Building  Neighborhood X District X City   

Lifespan 

Short Term  Medium Term X Long Term     

Space usage 

Monofunctional X Multifunctional       

Required Area2,4,5,7 

System Area: Swales should have an area of at least 1% of the drainage area*. 

Drainage Area: less than 0.1 km². 

*Swales should generally be designed with a bottom width of2 0.5 – 2.0 m. When used to convey runoff from a driveway, the length should 
be equal to, or greater than, the driveway length. Maximum swale depth is normally in the range of 600 mm with maximum side slopes 1:3 
(V:H) Minimum length for grassed swales is5 15 m, however for pollutants removal (especially TSS) a minimum of 60m is recommended.  

Ecosystem Functions3 

Disturbance regulation, water regulation, erosion control and sediment retention, waste treatment, cultural. 

Benefits3 

Climate change mitigation and adaptation (3/5) 
Water management (5/5) 
Green space management (4/5) 
Air quality (4/5) 
Urban regeneration (1/5) 
public health and wellbeing (4/5) 
Potential of economic opportunities and green jobs (2/5) 
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2.11 Sediments Forebays 

System 

 
 

Sediments Forebays 

 

Primary uses 

Source 
Control 

 Transportation  Retention  Infiltration   

Pretreatment X Treatment       

Description1,2 

A sediment forebay is a post-construction practice consisting of an excavated pit, bermed area, or cast 
structure combined with a weir, designed to slow incoming stormwater runoff and facilitating the gravity 
separation of suspended solids. A sediment forebay is an essential component of most impoundment 
and infiltration NBS including retention, detention, extended-detention, constructed wetlands, and 
infiltration basins. 

Subcategories2 

There are not subcategories for this system. 

Applications 

Residenti
al 

X Commerci
al 

X Industrial X High 
Density X Road/Highw

ay 
X  

Location 

Roadway/Roadside X Pathway/Cycleway X Car park X Roundabout X  

Gas Station X Vehicles serv. area  X Green/Open 
Area 

X Urban Park X  

House/Building  Urban Planter  Square/Plaza  Water Course   

Scale of application 

Building X Neighborhood X District X City X  
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Pretreatment needs 

Yes (TSS, trash and debris reduction): Suggested sediment forebay. 

Water treatment5,11 

Sedimentation H Biological 
Processes 

M Filtration/Sorption H Plant uptake M  

Water quality5,11 

Nutrients M Sediments H Metals H Bacteria L  

Oil and Grease M Trash and Debris H      

Emerging Pollutants 

Biocides & T.P. Y Tyre Compounds Y Pharmaceuticals Y Microplastics Y  

Personal Care 
Products 

Y Industrial 
Chemicals 

Y Fossil Fuel and 
Combustion 

Products 

Y  
 

 

Water quantity*5,11 

Volume Reduction L Peak Flow Reduction H Groundwater 
Recharge 

L   

*Wetlands deliver significant positive flow regulation services corresponding to reduced frequency and magnitude of flooding, 
increased flooding return period, augmented low flows, and reduced streamflow and runoff. However, the quantification of these 
effects is quite difficult due to the lack of reliable data in the available bibliography and the variability in the location sites, systems 
characteristics and rainfall patterns which ultimately influence flow regulation of wetlands (e.g., unlined wetlands will show greater 
flow reduction capacities than unlined structures due to water infiltration through the wetland bed). 

Maintenance5 

Suggest maintenance intervals vary between monthly (inlet, outlet, drop structures), annually (grass 
cutting) and bi-annually (valve checks, wetland sediment/plants etc.). In practice, the maintenance 
frequency will be determined normally by site-specific needs.  

Maintenance operations should include: 

- Checking inlet and outlet structures. 

- Checking weir settings. 

- Cleaning-off surfaces where solids and floatable substances have accumulated to an extent that they 
may block flows. 

- Removal of gross litter/solids. 

- Checking sediment accumulation levels (wetlands, sediment traps, infiltration trenches etc.). 

- Bank erosion. 

- General maintenance of the appearance and status of the vegetation and any surrounding landscaped 
zones. 
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Construction and maintenance costs5 

Construction costs:  50 Eur/m².  

Maintenance costs: 300 Eur/Ha/year of maintenance.  

 

*Typical construction costs range from 50000 to 250000 Eur. 

References 
1World Bank, (2021). A Catalogue of Nature-Based Solutions for Urban Resilience. World Bank. Available at:  
https://openknowledge.worldbank.org/bitstream/handle/10986/36507/A-Catalogue-of-Nature-based-Solutions-for-Urban-
Resilience.pdf?sequence=1&isAllowed=y 
2Ollis, D.J., Day, J.A., Mbona, N., Dini, J.A. South African wetlands: Classification of ecosystem types (2018) The Wetland Book: I: 
Structure and Function, Management, and Methods, pp. 1533-1544. Available at: 
https://doi.org/10.1007/978-94-007-6172-8_334-1 
3U. S Environmental Protection Agency (2021). Types of Wetlands (EPA 843-F-01-002b). Office of Water and Office of Wetlands, 
Oceans and Watersheds. Available at: 
https://www.epa.gov/sites/default/files/2021-01/documents/types_of_wetlands.pdf 
4Passeport, E., Vidon, P., Forshay, K.J., Harris, L., Kaushal, S.S., Kellogg, D.Q., Lazar, J., Mayer, P., Stander, E.K. Ecological 
engineering practices for the reduction of excess nitrogen in human-influenced landscapes: A guide for watershed managers (2013) 
Environmental Management, 51 (2), pp. 392-413. Available at: 
https://doi.org/10.1007/s00267-012-9970-y 
5Ellis, J.B., Shutes, R.B.E., and Revitt, D.M. (2003).  Guidance Manual for Constructed Wetlands, R&D Technical Report P2-
159/TR2. Urban Pollution Research Centre, Middlesex University, London. Available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/964634/WITHDRAWN-
Guidance-Manual-for-Constructed-Wetlands.pdf 
6 United States Environmental Protection Agency (2000). Constructed wetlands treatment of municipal wastewaters. National Risk 
Management Research Laboratory, Office of research and development, U.S. Environmental Protection Agency, Cincinnati, Ohio, 
U.S. Available at: 
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=64144 

7Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
8U. N Human Settlements Programme (2008). Constructed wetlands manual. UN-HABITAT Water for Asian Cities Programme Nepal, 
Kathmandu. Available at: 
https://unhabitat.org/constructed-wetlands-manual 
9 U.S Environmental Protection Agency (1994). A handbook of constructed wetlands, a guide to creating wetlands for--agricultural 
wastewater, domestic wastewater, coal mine drainage, stormwater in the Mid-Atlantic Region. U.S Government Printing Office. 
Washington D.C., U.S. Available at: 
https://www.epa.gov/sites/default/files/2015-10/documents/constructed-wetlands-handbook.pdf 
10Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
11Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
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- Checking sediment accumulation levels (wetlands, sediment traps, infiltration trenches etc.). 
- Bank erosion. 
- General maintenance of the appearance and status of the vegetation and any surrounding landscaped 
zones. 

Construction and maintenance costs5 

Construction costs:  50 Eur/m².  

Maintenance costs: 300 Eur/ha/year of maintenance.  

*Typical construction costs range from 50000 to 250000 Eur. 

References 
1World Bank, (2021). A Catalogue of Nature-Based Solutions for Urban Resilience. World Bank. Available at: 
https://openknowledge.worldbank.org/bitstream/handle/10986/36507/A-Catalogue-of-Nature-based-Solutions-for-Urban-
Resilience.pdf?sequence=1&isAllowed=y 
2Ollis, D.J., Day, J.A., Mbona, N., Dini, J.A. South African wetlands: Classification of ecosystem types (2018) The Wetland Book: I: 
Structure and Function, Management, and Methods, pp. 1533-1544. Available at: 
 https://doi.org/10.1007/978-94-007-6172-8_334-1 
3U. S Environmental Protection Agency (2021). Types of Wetlands (EPA 843-F-01-002b). Office of Water and Office of Wetlands, 
Oceans and Watersheds. Available at:  
https://www.epa.gov/sites/default/files/2021-01/documents/types_of_wetlands.pdf 
4Passeport, E., Vidon, P., Forshay, K.J., Harris, L., Kaushal, S.S., Kellogg, D.Q., Lazar, J., Mayer, P., Stander, E.K. Ecological 
engineering practices for the reduction of excess nitrogen in human-influenced landscapes: A guide for watershed managers (2013) 
Environmental Management, 51 (2), pp. 392-413. Available at: 
https://doi.org/10.1007/s00267-012-9970-y 
5Ellis, J.B., Shutes, R.B.E., and Revitt, D.M. (2003).  Guidance Manual for Constructed Wetlands, R&D Technical Report P2-159/TR2. 
Urban Pollution Research Centre, Middlesex University, London. Available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/964634/WITHDRAWN-
Guidance-Manual-for-Constructed-Wetlands.pdf 
6 United States Environmental Protection Agency (2000). Constructed wetlands treatment of municipal wastewaters. National Risk 
Management Research Laboratory, Office of research and development, U.S. Environmental Protection Agency, Cincinnati, Ohio, 
U.S. Available at:  
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=64144 
7Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: 
London, UK. Available at:  
https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
8U. N Human Settlements Programme (2008). Constructed wetlands manual. UN-HABITAT Water for Asian Cities Programme Nepal, 
Kathmandu. Available at: 
https://unhabitat.org/constructed-wetlands-manual 
9 U.S Environmental Protection Agency (1994). A handbook of constructed wetlands, a guide to creating wetlands for--agricultural 
wastewater, domestic wastewater, coal mine drainage, stormwater in the Mid-Atlantic Region. U.S Government Printing Office. 
Washington D.C., U.S. Available at: 
 https://www.epa.gov/sites/default/files/2015-10/documents/constructed-wetlands-handbook.pdf 
10Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
11Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: 
 https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 

 

3 Factsheets of Engineered Drainage Solutions 
In this chapter, the engineered drainage solutions, used widely as conventional drainage 
techniques, are classified in six main groups. The last one is the most extensive with a huge 
variety of components and sizes (e.g., multitude of pipes with different diameters). These 
engineered drainage solutions combined with the NBS result in the hybrid drainage systems. 
With all, the parametric design of the engineered drainage solutions is out of the scope of this 
project, and the factsheets included in this chapter make it possible to compare NBS with 
Engineering Drainage Solutions in a simplified way, enough to work lately in the MCDA.  
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Construction and maintenance costs2,5 

Construction costs: (Low, Medium, High): 0.5 to 2 Euro per Liter of stored water. 

Maintenance costs: (Low, Medium, High): 0.25 to 1 Eur/m² of roof area. 

References 
1Boston Water and Sewer Commission (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. Available at: 
https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
2Pennsylvania Department of Environment (2006). Pennsylvania Stormwater Best Management Practices Manual. Available at:  
http://www.stormwaterpa.org/bmp-manual-chapter-6.html 
3Woods Ballard, B., Wilson, S., Udale-Clarke, H., Illman, S., Scott, T., Ashley, R., & Kellagher, R. (2015). The SuDS Manual; CIRIA: London, 
UK. Available at: https://www.ciria.org/CIRIA/Memberships/The_SuDS_Manual_C753_Chapters.aspx 
4Environmental Protection Agency (2021). Stormwater Best Management Practice: Rainwater Harvesting. Available at: 
http://nwrm.eu/sites/default/files/nwrm_ressources/u2_-_rainwater_harvesting.pdf 
5Urban GreenUP, (2018). Urban GreenUP D1.1: NBS Catalogue. Available at: 
https://www.urbangreenup.eu/kdocs/1907476/urban_greenup_d1.1_nbs_catalogue_31-05-2018.pdf 
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Construction costs: Typical cost range between $2000 and $3000 per unit but can rise up to $1000000 
for special devices with specific requirements, normally for industry applications. 

Maintenance costs: Typical maintenance costs ranged between 1000 – 2000 Eur/year. 

References 
1Boston Water and Sewer Commission, (2013). Stormwater Best Management Practices: Guidance Document. Boston, MA, USA. 
Available at: https://www.bwsc.org/sites/default/files/2019-01/stormwater_bmp_guidance_2013.pdf 
2United States Environmental Protection Agency (USEPA), (1999). Stormwater Technology Fact Sheet: Water Quality Inlets. 
Available at:  
https://nepis.epa.gov/Exe/ZyPDF.cgi/91018M1X.PDF?Dockey=91018M1X.PDF 
3Connecticut Department of Environmental Protection (2004). Connecticut Stormwater Quality Manual: Oil/Particle Separators. 
Available at: https://portal.ct.gov/-/media/DEEP/water_regulating_and_discharges/stormwater/manual/CH11OPSS4pdf.pdf 
4Stormwater Equipment Manufacturers Association (SWEMA), (2018). SWEMA Fact Sheet: Oil / Water Separators. Available at: 
https://www.stormwaterassociation.com/assets/docs/FACTSheets/swm_may2018_FACT%20SHEET%20Oil%20and%20Water%
20Separators.pdf 
5Department of Ecology – State of Washington (2019). Stormwater Management Manual for Western Washington. Available at: 
https://fortress.wa.gov/ecy/ezshare/wq/Permits/Flare/2019SWMMWW/Content/Topics/VolumeV/OilAndWaterSeparatorBMPs/Oil
AndWaterSeparatorBMPs_Intro.htm 
6The Wastewater blog-Wastewater treatment topics: API Separator (Retrieved at: https://www.thewastewaterblog.com/single-
post/2016/10/20/API-Separator) (21/12/2022) 
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3.6 Storm Drains, Pipes and Ditches 

System 

 
 

Storm Drains, Pipes, and 
Ditches 

 

Primary uses 

Source 
Control 

X Transportation X Retention  Infiltration   

Pretreatment  Treatment       

Description 

The combination of storm drains and pipe or ditch systems are the most common way to collect and 
transport runoff from urban areas in most countries and cities.  

Storm drains are basically openings in roads, roadsides, sidewalks and other impermeable surfaces that 
are normally covered by a steel grate which main scope is to retain coarse trash and debris. Their function 
is to collect runoff and convey it to the sewer system. This system can be a wastewater network (when 
combined sewer is used) or a stormwater network (in separative sewers). 

Ditches are simple water channels, catalogued as linear drainage systems and conceived to transport 
water. They are commonly used to collect runoff from linear impermeable areas like roads, and normally 
placed in the roadside or in the median in order to collect the runoff and transport it to a storm drain. 

Subcategories 

Pipes can come in many different cross-sectional shapes (rectangular, square, bread-loaf-shaped, oval, 
inverted pear-shaped, egg shaped, and most commonly, circular). Drainage systems may have many 
different features including waterfalls, stairways, balconies, and pits for catching rubbish, sometimes called 
Gross Pollutant Traps (GPTs). Pipes made of different materials can also be used, such as brick, concrete, 
high-density polyethylene, or galvanized steel. Fiber reinforced plastic is being used more commonly for 
drainpipes and fittings.  Dimensions range from 150 mm to more than 2 m. 

Ditches are normally made of concrete but can also be built with stabilized or compacted soils, aggregates 
or even have a vegetated surface in the so-called grassed channels. They can also be classified according 
to their cross section, being the most common geometry parabolical or trapezoidal. 

There are a lot of types and designs for storm drains. There are two main types of stormwater drain inlets: 
side inlets and grated inlets. Side inlets are located adjacent to the curb and rely on the ability of the opening 
under the back stone or lintel to capture flow. Grate inlets have gratings or grids to prevent people, vehicles, 
large objects, or debris from falling into the storm drain. Grate bars are spaced so that the flow of water is 
not impeded, but sediment and many small objects can also fall through. 
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4 NBS parametric design spreadsheet 
 

The NBS parametric design spreadsheet (available in: D4RUNOFF - NBS Parametric Design 
Spreadsheets_v2g.xlsm) has been developed in order to be an all-in-one module that helps 
designers to produce a predesign of NBS for stormwater management according to the specific 
conditions of the location site at which the NBS is intended to be installed. The spreadsheet is 
composed of different sheets, some of which should be completed by the user in order to 
provide the input data needed for the calculations. In order to follow a simple rule for the 
completion of the required data, the cells where the value is red-colored should be completed 
by the user, while the values in black or green are values that are fixed or automatically 
calculated during the design process. 

4.1 Hydrology 
The first sheet of the spreadsheet is called “HYDROLOGY” and is the hydrology calculation 
module. This module has been developed in order to support the users in providing reasonable 
approximations to the required hydrologic parameters for NBS sizing with very limited 
information of the basin characteristics, so the results provided should be considered as simple 
estimations for predesign purposes. In this sheet the user should complete the 24 hours 
maximum rainfall data for the last 30 years at the location site, which is considered enough for 
hydrological calculations. If the user has limited data (<30 years) from the intervention point, 
the missing data can be completed following conventional hydrological procedures by 
correlating data from near Meteorological Stations. If the available number of data points is 
higher than 30, the data should be truncated for the last 30 years.  

 

 
Figure 2. Input data and calculations at HYDROLOGY sheet. 
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Once the data is included, the module calculates the maximum daily rainfall for 2, 5, 10, 50, 
100 and 200 years according to 4 different data distributions: Normal, Log-Normal, Gumbel 
and Log-Pearson III. 

 
Figure 3. Maximum daily rainfall for different return periods together with confidence bands 

(95%) for Gumbel probability distribution. 

 

In the next sheet of the spreadsheet, called “IDF”, the module calculates the Intensity-Duration-
Frequency curves according to each data distribution. The curves are calculated for the most 
common return periods in hydrology calculations: 2, 5, 10, 50, 100 and 200 years. Each curve 
is developed using the following durations: 0.1, 0.2, 0.3, 0.4, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 and 24 hours. 
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Figure 4. IDF curves developed according to the 4 probability distribution models used. 

 

4.2 Input data 
The next sheet in the spreadsheet is called “INPUT DATA”, and here is where the user should 
incorporate the main characteristics at the location site where the NBS is expected to be 
placed. In the sheet there is generic data related to basin characteristics, that is used for the 
calculation of all NBS techniques, and specific input data for each NBS that is used only for 
the calculation of the specific technique where the data is included. For each relevant data a 
“HELP” sheet is also provided, accessible by clicking in the hyperlink, where a description of 
the requested data and standardized values are provided in order to help the user to complete 
the required data. 

(a) (b) 

  

Figure 5. Main input data requested for calculations: (a) Basin and Intervention Point and (b) 
Specific NBS. 

 

In this sheet, the stormwater volumes and flows calculated according to the basin 
characteristics and the hydrological data incorporated in the “HYDROLOGY” sheet are also 
showed. It should be noted that these calculations are simple estimations that can help the 
users to approximate the results, but needs to be validated with more detailed models that 
consider detailed geological and topographical information. The estimations provided in the 
worksheet have been made following the rational method in combination with the 
recommendations and methods provided in the document called TR-55: Urban hydrology for 
small watersheds from the US-EPAa and in the Appendix A of the Stormwater Best 
Management Practice Design Guide Volume 1 from the US-EPAb for estimating the peak 
discharge and the water quality volume for small storm BMP design by the Short-Cut method. 

                                                
a Urban Hydrology for Small Watersheds. TR-55. United States Department of Agriculture 
https://www.nrc.gov/docs/ML1421/ML14219A437.pdf 
b Stormwater Best Management Practice Design Guide Volume 1: General Considerations. United 
States Environmental Protection Agency (2004). 
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=99739 
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The users are encouraged to use their own hydrological data and calculations in order to obtain 
more accurate and detailed results. 

 
Figure 6. Main hydrologic parameters used for calculation and developed on the basis of the 

drainage area characteristics and the Hydrologic data provided. 

 

For each technique, there are some verifications that should be done prior to the hydraulic 
calculations that are mainly related to the drainage area that drains to the location site, the 
ratio between drainage and available area for NBS construction, the soil infiltration rate, and 
the amount of impervious area in the watershed that drains to the NBS. Beside each 
verification dialogue, a cell shows if the conditions at the location site for the considered 
watershed meets the conditions required for each NBS technique. 

 

 
Figure 7. Input data for NBS solutions and verification check of required conditions. 
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4.3 Results 
Once the data is completed, the user can click on the button “Solve for dimensions” in order to 
calculate the dimensions required for each technique according to the input data provided. 
Once the user presses the button, the excel spreadsheet begins an iterative process by using 
the “Evolutionary” method of the “solver” application in EXCEL, that should finally provide a 
solution adapted to the location site. The results of this iterative process are showed in the 
sheet called “RESULTS” where the dimensions and main characteristics of the designed NBS 
are showed. Additionally, some other useful parameters of the calculated NBS are showed, 
and some comments are also provided in relation to the designed solutions, especially related 
to the capacity or not to treat and receive all the inflow, and hence, the necessity for diverting 
some water volume.  

 
Figure 8. Dimensions of Infiltration Basin provided at the “RESULTS” sheet together with 

comments regarding the designed solution. 

 

The user is also able to check the full calculations performed for each NBS and the main 
limiting values used for each parameter simply by acceding to the specific sheet developed for 
each technique as can be seen in Figure 9.  

 
Figure 9. Detailed calculations and limiting factors for NBS calculation. 
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It is important to note that this spreadsheet is a Beta version, and hence, can result in some 
failing calculations due to the programming of the “Solver” module. The users are asked to 
provide feedback and report the problems that can find in the spreadsheet to info@d4runoff.eu.  
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5 Implementation of the parametric design in BIM 
 

For the D4RUNOFF project, UC has developed the NBS Library add-in. The Revit NBS Library 
add-in is a software program integrated with Autodesk Revit to create Nature Based Solution 
(NBS) parametric BIM objects according to spreadsheet (files .IFC available in: D4RUNOFF -
NBS_IFC.zip).  

5.1 NBS BIM objects 
NBS BIM objects have been designed using different types and configurations, depending on 
the technique geometry (different number and type of parameters), type of location (covering 
an area or along a lineal feature), and element-based (standalone or host-based). The BIM 
object collection is illustrated in Table 1. 

 

Table 1. NBS BIM objects collection 

Bioretention Area 

Standalone family  

Category: pavement 

Layers: 

- Vegetation 
- Mulch 
- Bioretention soil 
- Sand  
- Aggregate 
- [opt] Geomembrane 
- Native Soil 

[opt] Perforated pipe in aggregate layer 

 

 

 

 
 

Detention Basin 

Standalone family  

Category: pavement 

Layers: 

- Vegetation 
- Soil Media 
- [opt] Fabric liner 
- Native soil 
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Retention Pond 

Standalone family  

Category: pavement 

Layers: 

- Water 
- Vegetation 
- Soil Media 
- [opt] Fabric liner 
- Native soil 

 

 

 

Infiltration Basin 

Standalone family  

Category: pavement 

Layers: 

- Vegetation 
- Engineered soil 
- [opt] Sand filter 
- [opt] Subsurface storage 
- Native soil 

 

 

 

 

Dry Well 

Standalone family  

Category: pavement 

Layers: 

- [opt]Permeable surface coverage 
- Gravel layer 1 
- Non-woven geotextile 
- Gravel layer 2 
- Sand filter 
- Native soil 
- [opt] perforated pipe in gravel 

layer 2 
- [opt] filter fabric 
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Infiltration Trench 

Standalone family line-based 

Category: structural frame 

Layers: 

- [opt]Permeable surface coverage 
- Gravel layer 1 
- Non-woven geotextile 
- Gravel layer 2 
- Sand filter 
- Native soil 
- [opt] perforated pipe in gravel 

layer 2 
- [opt] filter fabric 

  

  

Permeable Pavement 

Standalone family plane-based 

Category: pavement 

Layers: 

- Surface  
- Aggregate 
- Geotextile 
- Aggregate sub-base 
- Native soil 
- [opt] liner 
- [opt] pipe 

  

  

Green Roof 

Standalone family plane-based 

Category: pavement 

Layers: 

- Growing medium soil 
- Filter 
- Drainage 
- Root barrier 
- Waterproofing 
- Roof support 
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Filter Strip 

Standalone family line-based 

Category: Structural frame 

Layers: 

- Vegetation 
- Growing medium 
- Native soil 

 

 

 

 

Grassed Swale 

Standalone family line-based 

Category: structural frame 

Layers: 

- Vegetation 
- Growing medium 
- [opt] Sand 
- [opt] Gravel 
- [opt] Perforated pipe 
- [opt] Geotextile 

   

  
 

Filter Drain 

Standalone family line-based 

Category: structural frame 

Layers: 

- Gravel 1 
- Non woven geotextile 
- Gravel 2 
- Native soil 
- [opt] perforated pipe 
- [opt] impermeable liner 
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Rain garden 

Standalone family  

Category: pavement 

Layers: 

- Vegetation 
- Mulch 
- Bioretention soil 
- Sand  
- Aggregate 
- [opt] Geomembrane 
- Native Soil 

[opt] Perforated pipe in aggregate layer 

 

 

 

 
 

Wetland 

Standalone family  

Category: pavement 

Layers: 

- Water 
- Vegetation 
- Soil Media 
- [opt] Fabric liner 
- Native soil 

 

 

 

 

 

5.2 Requirements and Manual installation 
The add-in is developed using C# and .NET Framework, supporting Revit 2023.1 version. 

Base requirements: 

- Revit 2023.1 version. 
- Microsoft Office: Excel. 

Manual installation 

Copy addin files to Revit 2023 Addins folder: “C:\ProgramData\Autodesk\Revit\Addins\2023” 

 
Figure 10. Add-in files. 
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5.3 First Execution 
1. Open Revit. First time Revit is launched with the new add-in, an information message box 

appears about trusting the new installation. Click on Cargar siempre/Load always. 
 
 

 
Figure 11. Splash message in the first execution. 

 
2. It is necessary to have a project or a family opened to access to Revit commands. Open 

an existing project or create a new one. Commands ribbon is now visible. Activate NBS 
tab. 
  

 
Figure 12. Initial Revit Screen. NBS tab activated. 
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3. Click on Create NBS Solution button. A new form dialog appears with the available NBS 
solutions. User steps: 

a. Select the Excel file with calculations by clicking on the  button (number 1 on 
Figure 13).  

b. After selecting the Excel file, the dropdown list labelled with Excel sheet name offer 
the different existing sheets on the Excel file. Select the one with calculation results 
(number 2 on Figure 13).  

c. Select the folder that store the base BIM object files, by clicking on the  button 
(number 3 on Figure 13). 

d. Select the NBS solution to generate by clicking on one of the NBS buttons (number 
4 on Figure 13). 
 

 
Figure 13. NBS Solutions catalogue. 
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4. Once the NBS is selected, a user transparent process starts: 

a. The plug-in opens the base BIM object for the selected NBS. 
b. The plug-in reads the calculated data for the selected NBS from the Excel 

calculations file. 
c. The NBS geometry is reconfigured and adapted according to calculated data. 
d. The associated parameters in the base BIM object are automatically updated with 

the read data (see in the next figures for example result).  

Both geometry and associated data is stored in a BIM 3D object ready to be loaded in 
any Revit project.  

 

 
Figure 14. Grassed swale. Left: associated parameters. Right: geometry. 
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8 Acronyms 
Table 15. Acronyms 

Acronyms Name 

BIM Building Information Modelling 

CECs Contaminants of Emerging Concern 

D Deliverable 

GIS Geographical Information System 

MCDA Multi-criteria decision analysis 

NBS Nature-based Solutions  

SuDS Sustainable Drainage Systems 

WP Work package 

 

 


	1 Introduction
	1.1 Aim of the library
	1.2 How to use this Library
	1.3 Structure of the Factsheets

	2 Factsheets of Nature Based Solutions (NBS)
	2.1 Bioretention Areas
	2.2 Detention Basins

	3 Factsheets of Engineered Drainage Solutions
	3.1 Rain Barrels and Cisterns

	4 NBS parametric design spreadsheet
	5 Implementation of the parametric design in BIM
	6 Review of CECs removal in NBS
	6.1 Identification of Contaminants of Emerging Concern

	7 Final Remarks
	8 Acronyms

