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Iris pseudacorus Introduction and definitions
Climate change and floods
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nrcsolutions.org/



Iris pseudacorus

• SuDS Sustainable drainage systems

• WSUD Water Sensitive Urban Design

• LID Low impact development

• BMP Best management practices

Introduction and definitions
Climate change and floods



Iris pseudacorus

Fonte:  Woods Ballard et al. 2015. “The SuDS Manual”



Iris pseudacorus

Fonte:  Woods Ballard et al. 2015. “The SuDS Manual”



Diffuse pollution in urban areas – Which 
pollutants?

Emerging 
pollutants

https://doi.org/10.1002/wat2.1525

Solids

Nutrients (N, 
P)

PAHs

Microplastics

Heavy metals

Pathogens

Rainfall

Infiltration
Run-off

Monitoring protocols 
Sensors

https://doi.org/10.1002/wat2.1525


Diffuse pollution in urban areas – Which sources? 

https://doi.org/10.1002/wat2.1525
Modelling tool for identification of sources of pollutants

https://doi.org/10.1002/wat2.1525


Diffuse pollution in urban areas – Which prevention & Mitigation 
measures?

Current situation
Use of Blue & Green infrastructures

Modelling and planning tools
DSS based on risks for water reuse

https://doi.org/10.1002/wat2.1525

https://doi.org/10.1002/wat2.1525


Iris pseudacorus Introduction and definitions 
Nature-based solutions

“The Commission defines nature-based solutions as. “Solutions 
that are inspired and supported by nature, which are cost-
effective, simultaneously provide environmental, social and 

economic benefits and help build resilience.”



Iris pseudacorus Introduction and definitions
Hard engineering vS Soft engineering

1. Atmospheric regulation

2. Climate regulation

3. Water regulation

4. Water supply

5. Erosion control and sediment 
retentioni

6. Soil formation

7. Nutrient cyclingi

8. Stormwater treatmenti

9. Pollination

10. Biodiversity support

11. Biomass production

12. Recreation

13. Environmental education

Source: Huber, J., 2010. Low Impact 
Development: a Design Manual for Urban Areas



Iris pseudacorus Introduction and definitions
Mutiopurpose design



Iris pseudacorus

Fonte:  Woods Ballard et al. 2015. “The SuDS Manual”

Introduction and definitions
Mutiopurpose design



Iris pseudacorus

Fonte:  Woods Ballard et al. 2015. “The SuDS Manual”

Introduction and definitions
Mutiopurpose design



Iris pseudacorus IRIDRA: a multidisciplinary team

Nicola Martinuzzi. 
Mechanical Engineer

Fabio Masi,
PhD Chemist

Giulio Conte
Biologist

Riccardo Bresciani, 
Environmental 

Engineer

Ivano Filippini
Land Surveyoir

Anacleto Rizzo 
Phd Hydraulic 

Engineer

Barbara Bonadies
Architect

Giordano Fossi
Agronomist

Paolo Armanasco
Agronomist

Kathryin Rivai
Environmental 

Engineer

Chiara Zurli
Environmental 

Engineer

Michela Galletti
Landscape architect

Riccardo Cilia
Landscape architect 
and Codesign expert

Francesco Leone
Building Engineer

Ilaria Principi
Phd Chemist

Linda Sabatini
Administration and 

Tender

Chiara Sarti
Chemist



Iris pseudacorus

- Planning

- Feasibility

- Preliminary and 
Detailed design

- Construction 
supervision 

SWAMP

Consulting and 
Engineering R&D

PAVITR



Iris pseudacorus

- Planning

- Feasibility

- Preliminary and 
Detailed design

- Construction 
supervision 

SWAMP

Consulting and 
Engineering R&D

PAVITR



Iris pseudacorus

SuDS implementation scales



Iris pseudacorus SuDS implementation scales
Road and parks

Fonte:  Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas



Iris pseudacorus Metropolitan sponge city of Milan

• PNRR fund, 90 Interventi in 4 
lotti progettuali

• Lot 2 (26 interventions. Basic 
and detailed design IRIDRA – 
retrofitting SuDS roads and 
parking lots



Iris pseudacorus Metropolitan sponge city of Milan
Trezzano sul Naviglio – Via Prati

Pre intervento



Iris pseudacorus Città Metropolitana Milano Spugna
Trezzano sul Naviglio – Via Prati

Desealing
Foto Dicembre 2024



Iris pseudacorus Metropolitan sponge city of Milan
Pieve Emanuele – Piazza Allende

Pre intervento



Iris pseudacorus Città Metropolitana Milano Spugna
Pieve Emanuele – Piazza Allende

Bioretention cells/rain gardens
Foto Gennaio 2025



Iris pseudacorus Metropolitan sponge city of Milan
S. Giuliano Milanese – Via Monte Nero

Pre intervento



Iris pseudacorus Città Metropolitana Milano Spugna
S. Giuliano Milanese – Via Monte Nero

Pre intervento

Desealing + Bioretention cells
Foto Gennaio 2025



Iris pseudacorus

Viale Kennedy, Varedo (MB)

Call for Ideas SuDS

Pre intervento



Iris pseudacorus

Bioretention cells recovering 
space from reduction of 

parking lot spaces (not the 
number)

Foto Luglio 2024



Iris pseudacorus

Viale Matteotti, Bovisio Masciago (MB)

Pre intervento



Iris pseudacorus

Viale Matteotti, Bovisio Masciago (MB)

Bioretention cell recovering 
space on road

Foto fine lavori Aprile 2023



Iris pseudacorus Viale Matteotti, Bovisio Masciago (MB)
SuDS living lab: across street lighting…

Estate 2023 Estate 2024



Iris pseudacorus Viale Matteotti, Bovisio Masciago (MB)
SuDS living lab: along the road…

Estate 2023 Primavera 2025



Iris pseudacorus Viale Repubblica, Bovisio Masciago (MB)
After 1 year… 

28 Giugno 202429 Agosto 2023



Iris pseudacorus Viale Matteotti, Bovisio Masciago (MB)
SuDS living lab: pedestrian lane

Estate 2023 Primavera 2025



Iris pseudacorus Viale Matteotti, Bovisio Masciago (MB)
SuDS living lab: crossroads…

Estate 2023 Estate 2024



Iris pseudacorus Viale Matteotti, Bovisio Masciago (MB)
SuDS living lab: roundabout…

Estate 2023

Primavera 2025



Iris pseudacorus

Via Metastasio, Brescia (BS)

Pre intervento



Iris pseudacorus

Via Metastasio, Brescia (BS)
Bioretention cell recovering 

space on road
Foto fine lavori Primavera 2024



Iris pseudacorus SuDS implementation scales
Open space: parks

Source: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas



Iris pseudacorus

Viale Matteotti, Bovisio Masciago (MB)
Desealing + bacini di detenzione 

fruibili in area parco
Foto fine lavori Aprile 2023



Iris pseudacorus Viale Matteotti, Bovisio Masciago (MB)
SuDS living lab

Bacini di detenzione e trincee infiltranti

Riqualificazione piazzetta



Iris pseudacorus

Via e Chiesa S. Martino, Carvico (BG)

Call for Ideas SuDS

Pre intervento



Iris pseudacorus Via e Chiesa S. Martino, Carvico (BG)
Lavori in corso di realizzazione

6 Novembre 2024

Dry detention basin in park
Novembre 2024



Iris pseudacorus

Parco via Milano, Besozzo (VA)

Call for Ideas SuDS



Iris pseudacorus

Dry and wet detention basin 
in a park

Novembre 2024



Iris pseudacorus

Water Plaza, Agrate Brianza



Iris pseudacorus

Water Plaza, Agrate Brianza

https://www.brianzacque.it/it/water-plaza-agrate-brianza



Iris pseudacorus

- Planning

- Feasibility

- Preliminary and 
Detailed design

- Construction 
supervision 

SWAMP

Consulting and 
Engineering R&D

PAVITR



Iris pseudacorus



Demo case presentation: Location of CMM

50

Metropolitan City of Milan

• 133 municipalities

• 1575 kmq

General Assembly (Bucharest) – February 18th 2025



Demo case presentation: CMM Sponge city

51

Metropolitan Sponge City of Milan

• 90 Suds interventions planned and under implementation in 32 Municipalities to study (PNRR (Next Generation EU)

General Assembly (Bucharest) – February 18th 2025



Demo case presentation: CMM Sponge city

52General Assembly (Bucharest) – February 18th 2025



Demo case presentation: Ambition of AWARD

53

Main issues
• Flooding due to storm water linked to heavy rains. 
• Developing the alternative water resources supply systems to 

recharge directly or indirectly the shallow urban aquifers strata

AWR solutions
• Rainwater and storm water collection, treatment

• Aquifer recharge

DEMO monitoring: multipurpose simplified low cost monitoring

• Water quantity: soil moisture + water balance for infiltration estimation (KPI: artificial recharge 5600 m3/y)

• Water quality: pollutant load removal and interception (proxy rainfall) plus monitoring groundwater quality
• Amenity: heat island reduction with low cost temperature sensors (citizen science)
• Biodiversity: low cost approaches (citizen science)

DEMO monitoring (CMM sponge city):  estimating impact of sponge city at metropolitan city scale

Source:  Woods Ballard et al. 2015. “The SuDS Manual”



SuDS
• N° 6 Soakways + Bioretention system of 140 m2

Monitoring
• Collaboration with University of Milan (UniMI)

• N° 1 soil moisture already installed for a Master Thesis of UniMI in 
collaboration with CAP

• N° 1 rain gauge of CAP

Steps
• Site visit of IRIDRA and UniMI for substituting the SIM and verify the 

correct functioning of the sensors – done on 28/06/2024
• Contract by IRIDRA with the external company (Ecosearch) managing 

the sensors for rehabilitate the remote control – done
• Start the data analyses of moisture (sensors of UniMI) and 

precipitation (rain gauge of CAP) in Autumn 2024 – ongoing, start of 
hydraulic modelling by CMM

Water quantity: Solaro

54General Assembly (Bucharest) – February 18th 2025



No.1 Moisture sensors
• Humidity, Temperature, and conductivity at three depths (5, 15 and 55 cm)
• Dataset of 4 years (June 2020 – ongoing)

Water quantity: Solaro

55General Assembly (Bucharest) – February 18th 2025

Temperarure at 
different depths

Soil moisture 
(Soil water 
content) at 

different depths

Reconstruction of 
humidity within the depth 
of the bioretention system



Amenity and biodiversity: Paderno Dugnano

56

SuDS
• N° 9 Tree box filter
• N° 1 Bioswale of 280 m2

• N° 1 dry detention basin of 30 m3

• N° 4 soakways

Monitoring
• Amenity (temperature, heat wave) and 

Biodiversity (e.g. visual inspection) with citizen 
science

Steps
• Presentation of the AWARD project to the 

citizens with Local Water Fora (2) – done 
• Definition of citizen science campaign by CMM 

and IRIDRA, including materials and timing – 
ongoing 

General Assembly (Bucharest) – February 18th 2025



Amenity and biodiversity: Local Water Fora

57General Assembly (Bucharest) – February 18th 2025

DEMO CASE 2 – Pilot: Municipality of Solaro (29th Oct 2024)



Amenity and biodiversity: Local Water Fora

58General Assembly (Bucharest) – February 18th 2025

DEMO CASE 2 – Pilot: Municipality of Paderno Dugnano (12nd Dec 2024)



Amenity and biodiversity: Citizen Science

59General Assembly (Bucharest) – February 18th 2025

Last 1° August 
CMM and CAP 
started to set 

the CS activities 
on the 2 Pilots, 
in particular on 

heat 
monitoring, 
thanks to a 

thermal camera



Amenity and biodiversity: Local Water Fora

60General Assembly (Bucharest) – February 18th 2025

Preliminary survey for Citizen Science activities

Photo credits: Prof. Eugenio 
Morello, Politecnico di Milano

Municipality of Paderno Dugnano



Amenity and biodiversity: Citizen Science

61Touch Point 2 – 16.01.2025

 Biodiversity monitoring activity 
is under conceptualization:

• Involve schools and young 
sport organisation

• Focus on insects
• iNaturalist app
• Compare monitored list of 

species with a theorical list 
of «expected» species



CMM sponge city overall impact

62

Planned
• Simplified water balance by CMM (additional 

hydrogeologist expert added to the team) – can 
the CMM Sponge City be considered a provider 
of AWR for phreatic aquifer used for not potable 
uses (e.g. green irrigation)?

• Multiple benefit impact estimation

Next steps
• Collection of available GIS information among 

CAP and CMM (e.g. rain gauges, phreatic aquifer 
wells and hydrodynamic etc.)

• Revision of  CMM Sponge City design by IRIDRA 
(e.g. hydraulic conductivities, groundwater table, 
SuDS schemes)

General Assembly (Bucharest) – February 18th 2025



CMM sponge city overall impact

63

GIS map
• Aquifer depth (isopieze)

General Assembly (Bucharest) – February 18th 2025



CMM sponge city overall impact

64

GIS map
• Hydraulic conductivities classes in 

the towns with SuDS interventions

General Assembly (Bucharest) – February 18th 2025



CMM sponge city overall impact

65

GIS map
• CMM sponge city interventions
• Revision of detailed design (3 out of 4 lots)

• Location
• SuDS treatment train
• Infiltration (yes/no)
• Hydraulic conductivity (based on local geological survey)
• Water table depth of the phreatic aquifer
• Catchment area and type

General Assembly (Bucharest) – February 18th 2025

CMM sponge city interventions 



CMM sponge city overall impact

General Assembly (Bucharest) – February 18th 2025

66

Monitoring
• Phreatic aquifer well of CAP 

Steps completed
• Identify phreatic aquifer well close to CMM sponge 

city SuDS interventions
• Verification of the accessibility of the phreatic 

aquifer wells for water sample collection

• Development of a matrix outlining sponge city 
interventions and their features, along with sampling 
points associated with water catchments and the 
potential connections to the phreatic aquifer

• The possibility of using some existing piezometers for 
monitoring has also been investigated  undisturbed 
sampling



CMM sponge city overall impact: Water quality – monitoring plan

Next steps
Monitoring plan of phreatic acquifer water quality by CAP

 involvement of different departments to set up 
monitoring plan and feasibility

Parameters analysed:
• Chemical and physical analysis 
• Metals
• Anions
• Cations
• Halogenated solvents
• Aromatic solvents
• Micro-pollutants
• Microbiology

R&D
•Coordination of CAP activities

Hydraulic invariance and sewer network
•NBS design, Geo locations, modelling of sewer network 

Geological modeling
•Aquifer and wells characteristics, modelling of the aquifer

Aqueduct and WSP
•first aquifer uses and wells locations, sampling potentialities, 

Potable water lab
• Samples analyses

N. of sampling points Location Frequency Starting date

5 wells - Solaro
- Canegrate
- Trezzano S/N
- San Vittore Olona
- Melegnano

3 months January 2025

2 piezometers - Turbigo
- Assago

2 months November 2024

1 new piezometer to be 
verified

- Cologno Monzese 3 months March 2025

1 well soon to be activated - Sedriano 3 months June 2025



Iris pseudacorus



Demo scope 4.1 – rain garden (SuDS)

• Demo scope:
• Improve infiltration of stormwater
• Contribute to flood peak reduction and delay

• NBS addressed
• Bioretention cell (rain garden)

Recent SuDS retrofitting interventions in Lombardia Region – 
IRIDRA’s Design and Construction supervision

Crossroads between Andrea Doria Avenue and Via Etnea

Pluvial flooding events in Via Etnea

Via Etnea



DEMO scheme 4.1 – rain garden

Site visit 16th November 2023Google Earth



• Detalied survey and official opinions collection 
from local newtork utilities according to Italian 
law for public works (D.lgs. 36/2023) by March 
2024 (M7)

• Hydrological and hydraulic modelling with HEC-
RAS by UNICT, beginning April 2024 (M8)

• Basic Design based on detailed survey and 
hydrological and hydraulic modelling by April 
2024 (M8)

• Discussion of Basic Design with MUCA and 
UNICT with in person meeting in May 2024 
(M9)

• Discussion on possible monitoring campaign in 
line with mandatory KPIs and other WP4 goals 
(other KPIs) by IRIDRA and UNICT

Detailed design – 4.1 rain garden



Detailed design – 4.1 rain garden

Current status



Detailed design – 4.1 rain garden

Hydrological and Hydraulic Analyses

• Hydraulic model HEC-RAS (UniCT)
• Catechmen: 110 ha
• Peak flow in via del Bosco:

 Tr 2 anni: 0.35 m3/s
 Tr 50 anni: 2.51 m3/s

• Peak flow in viale Andrea Doria:
 Tr 2 anni: 0.49 m3/s
 Tr 50 anni: 7.52 m3/s



Multi-objective design

Detailed design – 4.1 rain garden



Multi-objective design

Detailed design – 4.1 rain garden



Hydraulic: Grid + sewer for runoff interception in via del Bosco

Detailed design – 4.1 rain garden



Hydraulic: Grid + sewer for runoff interception in via del Bosco

• Minumum no.2 Grid:  heavy traffic 
load D400

• Target interception flow rate:  100-
300 l/s

• New separated sewer network for 
Adriano Doria crossing

Detailed design – 4.1 rain garden



Hydraulic: Swale along via Doria

Detailed design – 4.1 rain garden



Hydraulic: Swale along via Doria

• Width < 3 m
• Height < 0.5 m
• Trench with gravel and underdrain
• Opened kerbs

Bioswale via Arì, Besozzo (Regione 
Lombardia, Italy). Desing and construction 
supervision by IRIDRA – under construction

Detailed design – 4.1 rain garden



Idraulica: Bioretention cell/Rain garden + Infiltration Shafts

Detailed design – 4.1 rain garden



Hydraulic: Bioretention cell/Rain garden + Infiltration shafts

• Total area: 1500 m2

• n° 2 bioretention cell (total area about 500 m2)
• Maximum surface detention depth 30 cm
• Retention volume 85 m3

• Infiltration area e throttled effluent
• n° 15 infiltration shafts, infiltration area 200 m2

• Grid for road runoff inteception (optional)

Detailed design – 4.1 rain garden



Water quality

Detailed design – 4.1 rain garden



Water quality: Swale + Bioretention cells

Swale: primary treatment
• Sedimentation
• Separation

Bioretention cell: secondary treatment
• Filtration
• Adsorption
• Precipitation

• Biodegradadation
• Phytoremediation

Detailed design – 4.1 rain garden



Amenity

Detailed design – 4.1 rain garden



Amenity: landscaping concept design

Detailed design – 4.1 rain garden



Amenity: landscaping concept design

Landscape elements Landscape view Water: superficial and underground connections

Detailed design – 4.1 rain garden



Amenity: landscaping concept design

Concept 1: Etnea Door Concept 2: Water and fire

Detailed design – 4.1 rain garden



Amenity: landscaping concept design

Concept 1: Etnea Door Concept 2: Water and fire

Detailed design – 4.1 rain garden



Amenity: landscaping concept design 

Detailed design – 4.1 rain garden



Amenity: landscaping concept design 

Detailed design – 4.1 rain garden



Detailed design – 4.1 rain garden
Idraulica



Biodiversity: planting – Concept 1

Mediterranean 
contrast
• > Amenity
• < Biodiversity

Detailed design – 4.1 rain garden



Biodiversity: planting – Concept 2

Mimesi
• < Amenity
• > Biodiversity

Detailed design – 4.1 rain garden







Pluvial flooding: DEMO 4 as starting point…..

Q=0.1-0.3 m3/s

Circa 1000 m2

0.09% bacino a monte

> 20% viale della circonvallazione

110 ha (1100000 m2)

4400 m2

Development since the last CM in March – 4.1 rain garden
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