Urban park
* water body coliects uncff fom
blic realm and roofscape

event detention

* pervious surtaees(hard nd soft)
* rain event water features

Civic street
* bioretention areas

« tree planting

* pervious

* exceedance channel
* underdrained swale

n
detention basin along boundary

« tree planting and bioretention

* pervious parking bays

~ Urban square
* tree trench attenuation
* pervious surfaces
« rain event water feature

nveyance
colbcts surfaee water runoff = community rainwater harvesting
= exceedance zone « roof terraces and gardens with
* pervious surfaces attenuation

Drenaggio urbano sostenibile (SuDS i Sustainable Drainage Systems)
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Introduzione e definizioni
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Iris pseudacorus

Modulo A:
Introduzione
e definizioni

Podium deck

* geocellular storage
» pervious surfaces (hard and soft)
* rain event water features

Civic street
* bioretention areas

« tree planting

* pervious footways

= exceedance channel
* underdrained swale

Low density housing

+ on plot rainwater harvesting
nd rain gardens

* pervious surfaces

« bioretention and tree planting

* pervious foots

« underdrained swale

Green way

* collects surface water runoff
= exceedance zone

* pervious surfaces

Urban park
« water body collects runoff from

peripheral public realm and roofscape

* treats runoff
* exceedance event detention
* tree planting

Car park

* exceedance zone

« detention basin along boundary
« tree planting and bioretention

= pervious parking bays

Urban square

» tree trench attenuation
* pervious surfaces

* rain event water feature

Medium density housing

« inverted profile streetscape with
surface channel conveyance

= community rainwater harvesting

« roof terraces and gardens with
attenuation

Fonte: Woods Ball ard eubDS&ManuldDadb. A7

&WDRA




Iris pseudacorus

A - Introduzione e definizioni
Servizi ecosistemici

| Servizi Ecosistemici - EcosystemServices-s ono definiti come |

o indiretti, degl i ecosi st emi al benessert

&WDRA
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A - Introduzione e definizioni
- Hard engineering VS Soft engineering

13 esempi di Servizi Ecosistemici forniti da soluzioni naturali - Soft Engineering- per il

drenaggio urbano delle acque di pioggia rispetto agli approcci tradizionali - Hard Engineering

1. regolazione atmosferica s |
2. regolazione climatica hard engineering soft eng=in§ét}ing 9 @
\ VRN A :
. . . ol ™ YR :E' ) s ' :
3. regolazione idrica ;‘ EEE D Ty [P \ \ o
— @ O | '
4. recupero delle acque e recim e C__} ) Sk ,
3 O poliutants.
o A = A
5. controllo deIIoerFos ne e % Ol «
o < y
trattenimento dei sedimenti Q.

6. formazione di suolo

- : e
poluted runcé :\\‘ v no{lutnd runoft %

7. bilanciamento cicli dei nutrienti | ; TR R

8. riduzione carico inquinante

sfruttando i processi naturali
9. pollinazione
10. aumento biodiversita
11. produzione di biomasse

12. aumento aree ricreative

13. educazione ambientale Fonte: Huber, J., 2010. Low Impact
Development: a Design Manual for Urban Areas 7zam I R I D R A
N - Sl
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Nature -based solutions

The United Nations World Water Development Report 2018

NATURE-BASED
SOLUTIONS FOR WATER

A - Introduzione e definizioni

NBS use or mimic natural
processes to enhance water
availability, improve water
guality, and reduce risks
associated with waterZelated
disasters and climate change

&IMDRA
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A - Introduzione e definizioni
Green -Blue Infrastructure

Le Green -Blue Infrastructure  (infrastutture verdi e blu) possono essere definiti
definite come una rete di spazi verdi e blu che sfruttano i servizi ecosistemiciper fornire

benefici sia alle persone che all ambi ent

Fonte: Gibelli G., 2015,
Manuale di drenaggio

urbano

&WDRA



CEEweb

for Biodiversity

Itis a network of green and blue spaces that pro-
vides multiple significant benefits both for peo-
ple and nature.

Tree lines, woodlands, polders, oxbows and oth-
er green and blue spaces (or “green-blue infra-
structure elements”) have always been around
us, and are now getting more and more popu-
lar as the growing urban population is seeking
to reconnect with nature. They are present both
in urban and rural settings and can range from
small-scale urban spaces such as indoor rain gar-
dens, permeable pavements, and green roofs to
very large areas like nature reserves, floodplains
and extended riparian forests. These solutions
can have various names, such as “room for the
river”, “natural water retention measures”, “na-
ture-based solutions” and similar, while still hav-
ing the very same goal - a sustainable use and
preservation of nature.

NATURE-BASED SOLUTIONS ARE ACTIONS
INSPIRED BY, SUPPORTED BY OR COPIED FROM NATURE,
TAKEN IN ORDER TO ADDRESS A SERIES OF ENVIRONMENTAL,
SOCIAL AND ECONOMIC CHALLENGES LIKE
WATER MANAGEMENT, CLIMATE CHANGE, DISASTER RISK MANAGEMENT.

Moreover, the added value of green and blue
infrastructure is in putting these elements to-
gether into a network in order to enhance their
connectivity and strengthen the multiple ben-
efits for nature and society. It also enables the
creation of a framework for a more structured
approach to the management of those benefits.

A BRIGHTER FUTURE, WITH A LITTLE HELP FROM OUR NATURE

Green-blue infrastructure integration into the water sector
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A - Introduzione e definizioni
Impatti Hard  Engineering

L iard engineering con | 6obiettivo
allontanare il piu velocemente possibile le

acque di pioggia ricadenti su superfici urbane
impermeabilizzate, ha comportato una serie

di effetti negativi:

A Allagamenti urbani

A Erosione

A Inquinamento dei fiumi

Fonte: Woods Ball ard etuDSManuZdDDd

&WDRA
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A - Introduzione e definizioni
Impatto Hard Engineering

Sponge city (citta spugna) € un termine coniato in Cina e riguarda lo sviluppo di citta
i n grado di assor bir e odspugne @eaigaindpdi ridwraimschi ¢ o r

di all agamento in ambiente urbano dovut.

Can ‘sponge cities’ solve China’s urban
flooding problem?

WADE SHEPARD JULY 28,2016

™

Floods in cities across China this year have caused as much as US$45 billion worth of damage. (Paul Gonzalez/flickr/cc)
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A - Introduzione e definizioni
Impatti Hard  Engineering

di

anche superiore per via degli sfioratori di piena

|l n caso fognature miste

acque non trattate contaminate sia dagli inquinanti accumulati in tempo secco sulle

pavimentazioni, che da acque reflue nere

Oi

In tempo secco la fognatura convoglia solo
i reflui civili al depuratore.

mpatto

, 1 quali scaricano nei corpi idrici

ngt

Negli eventi di pioggia la fognatura porta sia

ireflui civili e industriali che le acque meteoriche
all’impianto di depurazione.

Ma in eventi di pioggia consistenti si eccede la
massima capacita di carico del depuratore

e quindi una porzione degli scarichi fognari viene

scolmata direttamente nel ricettore finale.

g1 2!
colmatore
(CSO)

All’'impianto di
depurazione

Scarico dello scolnrato

—F ognatura Mista

/—Tubazione dello Scolmatore

Corpo idrico

i Agglomerato
. Urbano
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A - Introduzione e definizioni
Stato prima dell our bani z

Lenti tempi di corrivazione e -
bassi volumi di runoff ;

"Infiltrazione superficiale

che contribuisce alla
portata di magra del fiume

A

Infiltrazione profonda che
contribuisce alla ricarica
delle falde

Fonte: Woods Ball ard etuDSManudDa5. AThe Mﬂ'lRlDRA
PN - Sl
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A - Introduzione e definizioni
' Stato dopo | Ourbani zzazi

Tempi di corrivazione \\\\\\\
rapidi e alti volumi di
runoff

Ridotta
evapotraspirazione
dovuta a minore
copertura vegetativa e
minori specchi d'acqua

£

lRidotta infiltrazione
superficiale e ridotto
contributo alla portata di
magra del corso d'acqua
Ridotta infiltrazione
profonda e ridotta ricarica
delle falde
+——— Approfondimento del livello delle falde
- 'Ridotta porta di magra del corso
d'acqua

Fonte: Woods Ball ard eubS#anuidbDadb. AThe %IRIDRA
N - Sl
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A - Introduzione e definizioni
Impatto urbanizzazione

40% Evapotraspirazione 35% Evapotraspirazione 30% Evapotraspirazione
10% Scorrimento 30% Scorrimento 55% Scorrimento
25% Infiltrazione 20% Infiltrazione 10% Infiltrazione
superficiale superficiale superficiale
25% Infiltrazione 15% Infiltrazione 5% Infiltrazione
in falda in falda in falda

TERRENO VEGETATO 30-50% URBANIZZAZIONE 75-100% URBANIZZAZIONE

Fonte: Gibelli G., 2015, Manuale di drenaggio urbano

&WDRA
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A - Introduzione e definizioni
Drenaggio urbano sostenibile

Alla base della Soft Engineering ci sono le
tecniche di drenaggio urbano

sostenibile  (Sustainable Drainage

Dopo
systems - SuDS), che si pongono A\ Urbanizzazione
| 6obi ettivo di gest Prima )
. .. . urbanizzazione
ricadenti in aree urbane in modo da Voluhie

. - _— .. . . runoff
riequilibrare il bilancio idrologico e ridurre

V

il carico inquinante dei corpi idrici,
Tempo
passando da uno stadio dopo

| ur bani zzazione ad uno stadio pri ma

%lRlDRA\

del | | ur bani zzazi one
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A - Introduzione e definizioni
Drenaggio urbano sostenibile

Urban park
« water body collects runoff from

Podium deck

peripheral public realm and roofscape

* treats runoff
: geocellular fftma&ehard T = exceedance event detention
pervious surfaces (hard and soft) « tree planting

* rain event water features

Civic street
« bioretention areas

* tree planting

= pervious footways

= exceedance channel
* underdrained swale

Low density housing

« on plot rainwater harvesting
and rain gardens

* pervious surfaces

* bioretention and tree planting

* pervious footways

* underdrained swale

Green way

* collects surface water runoff
= exceedance zone

= pervious surfaces

Wo o ds

Fonte. Ball ard eubStanuidbDad 5.

Car park

* exceedance zone

« detention basin along boundary
= tree planting and bioretention

* pervious parking bays

Urban square

* tree trench attenuation
* pervious surfaces

* rain event water feature

Medium density housing

« inverted profile streetscape with
surface channel conveyance

* community rainwater harvesting

* roof terraces and gardens with

attenuation &I RIDRA

AThe
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A - Introduzione e definizioni
Diverse definizioni di letteratura

Conosciuta con diverse parole chiave:

A SuDS Sustainable drainage systems

A wsuD Water Sensitive Urban Design

A LD Low impact development

A  BMP Best management practices
Urban Waterr Journal, 2014 e Taylor & Francis
http://dx.doi.org/10.1080/1573062X.2014.916314 Toylo . Francs Group

RESEARCH ARTICLE

SUDS, LID, BMPs, WSUD and more — The evolution and application of terminology
surrounding urban drainage

Tim D. Fletcher®*, William Shuster®, William F. Hunt®, Richard Ashley?, David Butler®, Scott Arlhur_f, Sam Trowsdale®,
Sylvie Barraudh, Annette Semadeni-Davies', Jean-Luc Benrand—Krajewskih, Peter Steen Mikkelsen’, Gilles Rivardk,

Mathias Uhl', Danielle Dagenais™ and Maria Viklander"
=?.RIDRA
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A - Introduzione e definizioni
Diverse definizioni di letteratura

Flow regime | :
' receiving waters
.

; Flood
- mitigation
Flood E
: :  mitigation | Recreation &
' Flood - i aesthetics
' ' mitigation ! Recreation & |
' Flood ' ' aesthetics -
| mitigation | - 1 Water quality
i hoes : | Recreation& 1 waer quality | (poliution)
' ] s H
Flood ‘ T i Recreation & | R : (poliution)
mitigation ¢ | aesthetics | . i Flow regime
\ Recreation& | | Waterquality : Flowregime 1  restoration
i aesthetics | \ (pollution) i restoration !
' Water quality | ! ' Ecology of
1960- ' (pollution) E ' Ecology of E receiving waters
| restoration '
: 1 Stormwater as
E Stormwater as | a resource
aresource |
- Resilience,
{ microclimate, etc

2013-

. A
Fonte: Fletcher et al. 2014. &I R I D R A



A - Introduzione e definizioni
Diverse definizioni di letteratura

Iris pseudacorus

h-gi-
\
!

il

j \ \
Whole-of-urban water
cycle management

Primary focus

Urban stormwater
management

Specific techniques (structural Concepts Broad principles
or non-structural)

Specificity

Fonte: Fletcher et al. 2014.
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A - Introduzione e definizioni
Diverse definizioni di letteratura

NATURAL CAPITAL: The planetary resources (e.g, plants, animals, air, water, soils, minerals) that sustain life and well-being. Natural
capital underpins clean air, water and energy security, shelter, medicine, and more. Natural capital concepts are increasingly applied in
national and corporate accounting to keep track of society’s dependence and impact on these vital resources.

NATURE-BASED SOLUTIONS: An umbrella term referring to actions that protect, manage, and restore
natural capital in ways that address societal challenges effectively and adaptively. These include structural
and nonstructural actions, ranging from ecosystem restoration to integrated resource management, green
infrastructure, and more.

GREEN INFRASTRUCTURE: A subset of nature-based solutions that inten-
tionally and strategically preserves, enhances, or restores elements of a natural
system to help produce higher-quality, more resilient, and lower-cost infrastructure
services. Infrastructure service providers can integrate green infrastructure into
built systems.

INTEGRATING GREEN
AND GRAY

Creating Next Generation Infrastructure

WORLD

@WORLDBANKGRDUP RESOURCES
INSTITUTE

‘GREG BROWDER, SUZANNE OZMENT, REN REWBERGER BESGOS, 1000 GARTNER,

&IMDRA
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A - Introduzione e definizioni
Esempi : Malmo (Svezia)

l."h e .“_. :
e (. e
; #.9 n:

P" - —p—

“T“’"t“ l ”\“ ’
ad v

Fonte.: Gibelli G., 2015, Manuale di drenaggio urbano

%lRlDRA\
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A - Introduzione e definizioni
Esempi : Sydney (Australia)

Fonte.: Gibelli G., 2015, Manuale di drenaggio urbano %’\/‘ I R | D R A
N & Sl
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A - Introduzione e definizioni
Esempi : Water Plaza, Rotterdam (Olanda)

Fonte: Woods Ball ard eubS8abnuidba5. AThe
=?.RIDRA



SRR A - [ntroduzione e definizioni

Esempi : Manassas , Elementary School,
Virginia (USA)

'.‘-r
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A - Introduzione e definizioni
Esempi . Potsdamer Plaza, Berlino (Germania)

Sisteml di raccolta, riciclo e riuso delle acque meteoriche

&WDRA
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A - Introduzione e definizioni
Esempi : Tanner Springs Park, Portland (USA)

1 Sisteml di raccolta e riciclo delle acque meteoriche
Atelier Dreiseitl, Tanner Springs Park, Portiand (USA)

&WDRA



SRR A - [ntroduzione e definizioni

Esempi . Chulalongkorn Centennial Park,

-_‘- Bangkok ( Thailandia )

&WDRA



Iris pseudacorus

A - Introduzione e definizioni
Esempi: Singapore (  Bishang )

Singapore, Bishan
Parco urbano

Rinaturalizzazione del Kallang River (Bishan Park)

® ® GVUWB® ®

A sn. un’immagine della situazione del
fiume Kallang precedentemente
canalizzato. L'intervento ha previsto la
demolizione dell’alveo in cls, lo scavo del
nuovo alveo e la sistemazione delle
sponde.

In alto I'immagine del parco oggi con il
fiume rinaturalizzato. In basso a sinistra si
nota il tratto residuo di canale. Sono
evidenti le molteplici funzioni importate
dall'intervento nel parco.

A destra un'immagine esemplificativa
delle funzioni ecologiche e sociali

Fonte.: Gibelli G., 2015, Manuale di drenaggio urbano %’\/‘ I R | D R A
N & Sl
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A - Introduzione e definizioni
- Benefici idrologici

Riduzione coefficiente di afflusso

Rainfall

I T T TR T

Evapo-transpiration Urban
development

Coefficiente di runoff da

Infiltration component

Saturated bulb

impermeabile (0.9) a permeabile

Runoff

vegetato (0.4-0.6): miglioramento \

. .. . .. . ~ \
d el VOIU ml I nfl Itratl I n eve ntl e N s e M Unsaturated flow Waish csiivga

H H _ 0 Saturated ground
intensi del 30 -60% —>  SE—
roundwater fow

Figure 251  Typical surface water management infiliration system

TABLE Suggested initial runoff coefficients for RWH yield analysis (from BS 8515:2009+A1:2013)

114 | : RO Coattic Fonte: Woods Ball ard et al

SubSMa nual o

Pitched roof with profiled metal sheeting 095
Pitched roof with tiles 0.90
Flat roof without gravel 0.80
Flat roof with gravel 0.60
Green roof, intensive’ 0.30
Green roof, extensive' 0.60
Permeable pavement (concrete blocks)? 0.60
Road/pavement 075

Note
1 Green roof runoff yield is particularly uncertain and varies with season. There may also be negative colouration impacts.
2 This reflects the proportion of rainfall that finds its way through the overlying surface to subsurface collection points for RWH.
a2 - S,
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A - Introduzione e definizioni
- Beneficl idraulicl

h—

4

—
\

. A scala annuale volumi infiltrati maggiori A SuDS tipicamente

— ~-.:.,A progettati per bassi eventi di ritorno (<2 -5anni 17 primi 5 -10 mm)

Rainfall analysis (1948-1977) SD, CA

i I
20 2-year rainfall depth

97% population <j E> 3% population

In realta si € in grado di infiltrare 2

piu del 90% delle acqua di pioggia

10

intercettate

Percent of total number of event

e L
3 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
Event rainfall depth (in.)

Figure 16.5 Rainfall depth distribution at San Diego, CA.

Fonte: Guo 201 7. AUrban F| oScoanwatart i gat i or

@MRlDRA

Management o
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A - Introduzione e definizioni
Benefici riduzione rischi allagamenti

Em 1 1 1 1 1 1 1 1 Em
R00F H BO00F
400} H 400§
TE [
® I
® 300 300
g
=]
200F H 200
1Dﬂi ' “ [ H 100
i 1 |I'L 1 b L ‘| L b \1 1 1 b1 i 0
0 20 40 G0 80 100 120 140 160 0 0.05 0.1
td] ff [m™ s]

Fonte: Ri zz0 et al . 2018. o

%WDRA
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A - Introduzione e definizioni
Beneficl altri servizi ecosistemicli

r 90 N
£ I
9\5— 70
%’ 60 . m Costi
g 50 I Leghame
3
E 40 W Ricreazione
3 30 m Biodiversita
gg 20 B Qualita dell’acqua
§ 10 -‘7 . B Rischio idraulico
0 | | ]
Pioppeto Infrastruttura Infrastruttura
grigia verde
h 4

Fonte.: Liguete et al. 2016.

&IMDRA
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A - Introduzione e definizioni
Pianificazione olistica

Certezza benefici tecnicheSuDSa piccola scala reale + difficolta
pianificazione di precisione (modellazione rete fognaria difficile e quasi

sempre assente)

Pianificazione dix% di riconversione aree esistenti a SuDS

A Piano di adattamento ai cambiamenti climatici di Bologna (Progetto Life
Blue-up)A 1% del territorio occupato da superfici impermeabili

pubbliche
A Paesi su USAmid-Atlantc A 10-20% sul bacino dedicato a SuDS

&lRlDRA\
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A - Introduzione e definizioni
Conferma beneficl a scala di bacino

Stormwater Green Infrastructure Correlates with Reduced
Flashy Hydrology and Nitrogen Loads at Watershed-Scale

-48%
180 p=0.10

£ 160
g 140 -26%
_ . -44%
€ 120 -44% p=0.02
g ~ -26% p=0.07
0 | P=0.02
Z pP= 0.01
? 80
)
L 60
(+71)
O
o 40
S
T~ 20

0

Peak Runoff Peakflow CVof Runoff* 10 NO3Lload* 10 TN Load * 10
(mm/day) Frequency (kg/ha/yr) (kg/ha/yr)

B Low Stormwater Green Infrastructure W High Stormwater Green Infrastructure

Pennino et al. (2016)

Analisi statisti bacini 0.5-34 k
nalisi statistica su bacini mq &IR'DRA
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A - Introduzione e definizioni
Conferma beneficl a scala di bacino

Avallanedaet al. (2017)

modeled the effects of retrofitting a small 0.12 km2 residential catchment with 16 street-side

bioretention cells, 7 rain gardens, and 37 rain gardens and used SWMM to simulate

water balances. The study results suggested that retrofitting with LID increased evaporation
(1.4%) and infiltration  (7.6%) and reduced surface runoff ( 9.0%) and discharges

with return periods of 0.5 , 1, 2, and 5 years, by an average of 29%.

Qutfall

1RIDRA
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A - Introduzione e definizioni

Sparkman et al. (2017)

Due bacini da 3.1 kmqg e 1.2 kmq

SWBMP: @

Montgomery County Boundary—
Study Stream A

Watershed Boundary

A Maryland

Yirginia

R
' = pistrictof
Columbia

Frequency Frequency

100
L

Frequency

Conferma benefici a scala di bacino

O Traditional
= LD
W OQverlap

200

T T T
2% 300 350 20 4%

Total Nitrogen Removal (kg N/ km?)

200
1

152
L

O Traditional
= LD
W Overlap

il

2
Total Phosphorus Removal (kg P/ kmz)

4

30C
1

2m
'

100

Q

o] L Tradtional
m LD

H‘mﬂwmm

. : '
2500 KD asno 40
Total Sedunent Removal (kg/ km?)

T
4500

)RA
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A - Introduzione e definizioni
SuDS -> Climate change adaptation

\g

- ate &

Biodiversita Allagamenti Isole di calore Qualita delle Siccita
acque

&IMDRA
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A - Introduzione e definizioni
SuDS -> Climate change adaptation

h -j
A\
¥ ]
g COPENHAGEN

CLIMATE RESILIENT
NEIGHBOURHOOD

&WDRA
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A - Introduzione e definizioni
SuDS -> Climate change adaptation

Storkeengen of
Randers

(Danimarca)

&IMDRA
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A - Introduzione e definizioni
SuDS -> Climate change adaptation

N\

Manhattan,

New York (USA)

@MMDRA
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A - Introduzione e definizioni
-~ SuDS -> Climate change adaptation

y

|

Manhattan,

New York (USA)
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A - Introduzione e definizioni
-~ SuDS -> Climate change adaptation

Green infrastructure  for Udon Thani area ( Thailandia )
=?.RIDRA



Iris pseudacorus

e N
!i

-t
Modulo B:
s Le scale di

%, applicazione

open space

Fonte: Huber, J., 2010. Low Impact Development: a Design

Manual for Urban Areas

&WDRA
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B i1 Le scale di applicazione

Green infrastructure and
its catchment-scale effects:

an emerging science
Heather E. Golden'* and Nahal Hoghooghi?

IRIDRA
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Le scale di applicazione

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review

Linking hydrological and bioecological benefits of green infrastructures C:L
across spatial scales - A literature review —

Kun Zhang, Ting Fong May Chui * %\
Department of Civil Engineering The University of Hang Kong, Pok Fu Lam, Hong Kong _ P o
P it 3

A
I
k
K

AT~~~

Facility scale Catchment scale
<0.1km? 0.1 = 1000 kn? > 1000 km?

&WDRA
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Le scale di applicazione

open space

AI | D A’
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Bi Le scale di applicazione
Diversi livelli di servizi

Livello minimo di servizi ecosistemici

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

i
]| [t ]
TR
TS
UL

LT
LU
LU LT
T
LU

ecosistemicl

W

Livello massimo di servizi ecosistemici

&IMDRA
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B i1 Le scale di applicazione
- Singola abitazione

o

building

AI | D A’
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B i1 Le scale di applicazione
Singola abitazione

How can we
A transform the
) §

roof?

How can we
transform the
walls?

" How can we
transform the
ground?

AI I ri
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B i1 Le scale di applicazione
Spazi di piccole proprieta

How can
we increase

biodiversity?

How can we
intfroduce
productive
landscapes?

How can
we minimize
impervious
surfaces?

How can we
ncrease on-site
infiltration?

AI I .
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Spazi di piccole proprieta

~ - ~J E A4 v

Slow = Spread V¥

Use pervious paving for walks Use rain gardens to treat the
and drives. Pervious Paving pp. first flush of any storm event
172-173 and infiltrate runoff from one to

ten-year storm events. Rain
Garden pp. 178-179

B i1 Le scale di applicazione

- Privati

Soak ¥ Vv

Replace industrial lawn with
xeriscape lawn to treat and
infiltrate runoff from one to
twenty-five-year storm events.
Consult local nurseries or a

land design professional for
opﬁnmd nllgix aFLd plants.

Fonte: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas
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B i1 Le scale di applicazione

Spazi di piccole proprieta - comuni
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Filter stormwater through the use
of pervious paving on driveways.
Pervious Paving pp. 172-17

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

Locate buildings away from
critical areas and create a series
of rain gardens for attenuation
and filtration of stormwater
runcff from one to ten-year
storm events. Rain Garden pp.
178-179

Plant and maintain vegetation

in the riparian corridor. This is
especially important in upstream
developments. Ripanan Buffer
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B i1 Le scale di applicazione
Spazi di piccole proprieta - esempio
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Reduce impervious surfaces Use curb cuts to allow water to Create LID easements with
to attenuate stormwater from distribute evenly into the swale. bioswales to treat and convey
the street. Pervious Paving pp. Flow Control Devices pp. 148- water to larger LID facilities.

172-173 149 Bioswale pp. 182-183

Fonte: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas %I R I D R A
N - AN
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B i1 Le scale di applicazione
Parcheggi: Pixellato

Fonte: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas %I R I D R A
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B i1 Le scale di applicazione
Parcheggi: Parking garden
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B i1 Le scale di applicazione
Parcheggi: Esempio
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B i1 Le scale di applicazione
| Spazi di piccole proprieta

How can we
employ curb
alternatives?

How can we
transform the
street right-of-
way?

How can we
integrate LID
landscapes?

AI I .
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perforated pre-cast curbs
Perforated pre-cast curbs
can be installed in new
developments to allow water
flow.

* Sedment Capture: Low

* Traffic Level: Moderate/High
* Maintenance: Hi

'

pre-fabricated curb inserts
These inserts can be used in
a retrofit of an existing curb

or new construction, while
maintaining the curb’s structural
integrity. Water energy-
dissipating measures are not
necessary to prevent erosion if
the inlets are close together.

® Sediment Capture: Low

* Traffic Level: Moderate/High

® Maintenance: High

Y W
054?}/

Curbs can be cut in a retrofit
or new construction. Curb cuts
can vary in length, allowing for
greater flow control.

® Sediment Capture: Low

* Traffic Level: Moderate

* Maintenance: Moderate

B i1 Le scale di applicazione
Strade: Immissione acque di pioggia

fiush curb

A flush curb maximizes uniform
distribution of water from the
street to the treatment facility.
When used with a shallow,
half inch lip, water can pond,
allowing sediment to settle
for eventual removal by street
sweepers.

® Sedment re: Low

* Traffic Modefa e/Low

Y ¥ R —

paving strip with sediment
trench
Pervious pavers can filter
sediment from street runoff,
and serve as a tactile waming
for straying automobiles.

* Sediment Capture: Moderate
* Traffic Level: Moderate/Low
* Maintenance: Low

double flush curb with
sediment trench

An aggregate trench between
flush curbs captures sediment,
keeping it out of the treatment
facility.

* Sediment Captu : High

* Traffic Level: Low &

* Maintenance: High

*Allinformation on these two pages from Metro Portiand’s Green Streets: Innovative Solutions for Stormwater and Stream Crossings

> to distributed sheet flow

from point source flow

Fonte: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas
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B i1 Le scale di applicazione
Strade: tipologie

> to arterial streets

Fonte: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas %I R I D R A
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B i1 Le scale di applicazione
Strade: Strette convenzionall

evapotranspiration

infiltration

infiltration

infiltration

Fonte: Huber, J., 2010. Low Impact Development: a Design Manual for Urban Areas %I R I D R A
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B i1 Le scale di applicazione
Strade: Eco -Boulevards

evapotranspiration
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; treatment
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B i1 Le scale di applicazione
- Strade: Esempl
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