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Green Infrastructure for stormwater managing
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Green Infrastructure for stormwater managing

o
S Il problema HOW ARE WE RETHINKING THE PROBLEM?
0
S wn ST Re-envisioning and re-designing cities to function more like forests so water is
() m vanaipe byl aced absorbed back into the ground, in addition to freating stormwater through
° pm... traditional means, will solve our region-wide stormwater problem.
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G- 8 R A study by the city of Philadelphia has shown a hybrid approach of green and

SET MOUND)  GRCRCATES gray infrastructure can get the same freshwater solutions as gray infrastructure,
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plus additional benzfits to the community.
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Green Infrastructure for stormwater managing

REGIONAL GREEN INFRASTRUCTURE STRATEGIES

Grean infrastructure strategies capture stormmwates, provide natural fieod management. and brng a multitude of banefits to
muricipalitios and resicdents. Each stratagy shown below has already beer implamented throughout the region, and much mane is
needed f0 achiews thie 2035 Wision goals, The Plan focwses heavily on the strategees that weoald treat impervicds suefaces and turf
grans areas 1o provids aconomis social, and erdeonmenial benehits to the mgion,

Impervious Area by Type and Ownership
in the MMSD Planning Area
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Public Buildings, 2%
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Green Stormwater Infrastructure
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2.

Urban Green Infrastructure

SUPPORTING PRIMCIPLES
While the four core principles provide a fundamental basis for UGI planning, certain supporting principles should be alse
taken into account:

*  Multi-scale: UGI planning aims to link different spatial levels, ranging from metropolitan reglons to individual sites.

»  Multi-obfect: All types of urbon green and bive spaces, regardiess of ownership and origin, con be considered os port of
o green infrastructore network.

# Inter- and tronsdisciplinary: UGI ___.___:...__.._._._Ea aims ot finking disciplines, as well o5 science, policy ond proctice, It integrotes

L o knowledge and demands from different fields, such as landscape ecology, urban and regional planning, and landscope
G.f_".n.. architecture, and is ideally developed in partnership between locol outharities and other stokeholders.
W
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Urban Green Infrastructure
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=3 Roadside vegetation in the form of bioswales can Direct application of plants to the building envelope. Green
opum
(O] reduce runoff from impervious surfaces. The key walls {vine coverage or specially designed modules), and
factoris degree of permeability of the soil which green roofs can contribute to building thermoregulation,

can be enhanced through the selection of
different vegetation.
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Street vegetation can help to

provide shade, as well as a m-.mm: _q.-ww_ﬂm—“-.:nﬂ-..-.m_. @

greater sense of wellbeing for Courtyards have been part of wvernacular
residents in urban areas. It can The m_.___“_mm_.mﬂu_: of plants architecture in tropical climates for centuries.

When combined with passive ventilation systems
they provide cooler air at ground level.

also be used to create green

oA e T e in the urban environment

biodiversity, AHHU Ww

\

\ ) W\

Urban parks can be vital to biodiversity in the
urban ecosystem as well as providing space
for recreation. Green spaces like parks can
sequester more COZ2 than previously
assumed and also contribute heavily to
absorbing storm water.
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2.

Street trees contribute to the fixation of CO2 and remediation
of air pollution. When designed correctly they also provide
shading and run-off reduction benefits. Different species are
more suited to these application than others




Urban Green Infrastructure

Assessment of selected services
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Urban green spaces provide g range of
functions and services which can be
grouped into four broad types.

Credit: Rieke Hansen



NatureBased Solutions

NatureBased Solutions (NBSs) are-to protect, sustainably manage, and restore natural or modified
ecosystems, that address societal challenges effectively and adaptively, simultaneously providing human well-
being and biodiversity benefits (IUNC, 2016).

NBSs range in scale, from individual street trees, green roofs and private gardens through to parks, rivers and
woodlands, transport corridors, and, at the larger scale, wetlands, forests and agricultural land.

Giulio Senes
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Water quality Air guality
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UHI mitigation

NBS-related
Ecosystem Services

Biodiversity Well-being
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Flood mitigation Noise reduction
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NatureBased Solutions

Towards an
EU Research and Innovation policy agenda for

Solutions

Research & Innovation Agenda on Nature-Based

Solutions and Re-Naturing Cities

[Goals

Enhancing
sustainable
urbanisation

Restoring
degraded
ecosystems

Developing
climate change
adaptation
and mitigation

Improving risk
managemeant
and resilience

Re<earch B Innovation Actions

Wban reganerathon through
nature-based solutions

Marure-lased solutions for
Impraving Wwall-being in urban arsas

Eetablishing nature-based solutions
for coastal resdinnce

Mult-functional natune-based
windarshad rmanaaemant
and ecosystern restoration

Maturg-based solutlons for
increasing the sustalnable use of
matier and énargy

Matuma-bated solutions for
enhancing the msurance value of
BCOSYSETEG

Increasing carbon saquasiration
through nature-based solltions

b




NatureBased Solutions at different scales
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NatureBased Solutions at different scales

e I

Cut curbs 1o allow for stormwalter
flow into curb extensions or
othar LID facilkties, Flow Confrol
Devices pp, 148-148

Construct troa box filters along
the nght-cf-way to filter and
attenuate stormwater runott
during one to two-year storm
events. Connect in & sernes or

to rain gardens using perforated
pipe to handle larger svents. Tree
Box Fitter pp. 176-177

o 4
Usa curb axtensions to retrofit
axisting parking lanes with rain
gardans. This reduces imparvious
surface area, and sncourages
infiltration durng 10 to 28-year
storm events. Rain Garden pp.
178-178



NatureBased Solutions at different scales
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NatureBased Solutions at different scales

Vil " 3
. Sl One-third of all
ro.—” Omm_@: o residential water use in the US is currently used for landscaping.
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lot-based biock:

1_2 property owners, one of the sasiest ways fo adapt
LIC o ewisting sibes is by instafling min gardens in low lying
areas. More holistic measures wobse replacing existing
fawms with natfee or local vegetation as well a= replacing
drives and walks with pendous paving. Before digging,
however, make sure to contact 2 central agency or your
local utility companies to locate all existing underground

utiities.

For mew construction, s#e planning should include
measures. that mingmize impendous surfaces, protect
ecologically sensiive arsas of the site, and increase o
Spread v

DEGLI STUDI DI MILANO

infiltraion through the use of vegetation.  Consider Soak vy
measures Bee educing the length of drivewsays, limiting ﬁ?ﬂurmil”duuﬂhﬂﬂﬂnn. xniqnnn_ FSHHEE.H
regrading of axisting topography, minimizing building and infittrate: runaff from one to infitrate A drom one to
footprinis, and protecting existing vegetation. H_.....-UH.“_.ﬂ?.._.—uu 17E-179 o Canault bocal nunesnize or 2 2
optimal seed s and plante.
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NatureBased Solutions at different scales

100" minimum
300" maximum

T i =

cuitural enrichment
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| N — T
t.Hm Spread wv Soak >
Implement flow contral devices LUse vegetated nparian bufiers Maintain natural sinuasity in
such as curbs and level spreaders to filter arvd attenuate urban sireams o create eroson dand
to slow the flow of water before stormwatar nnoff bafore reach- deposition zonss that regulats
reaching the greenway. Flow i) sensitive strearn cordors. stream flow and sedimentation,

& vices pp. 148-149 Ripanan Buffer pp. 180-181
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NatureBased Solutions - Sponge City

R

CMINA'S PUSH FOR BREEN (NGT
GRAY) INFRASTRUCTURE

J0Chiness cities will each
rsceive 400 400 vdilon RMEB o
Lt i dmols, constyalEd
L wetlands, Incrasse e o,
A andd permeabibs pavements to
capiure, slow down amd
filbar storm water,

| SPONGE CITIES

.
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— |~ 1 1
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S iti

PANEL | RESGURCE MARAGEMERT

d-alds i P =
A"Sponge city" refers to a city where its urban underground water system operates
ke a8 g sty al : TR - ae s Tahran’s How to make relocation
like a sponge to absorb, store, leak and purify rainwater, and release it for redse when Wiy " _ i _ :ﬁm_..ul__!a
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Low Impact Development

Low Impact Development
Best Management Practices
Design Guide

Edition 1.1
December 2014

The U.S. Environmental Protection
Agency defines Low Impact
Development (LID) as “an approach
to land development (or re-
development) that works with nature
to manage stormwater as close to its
source as possible” (US EPA, 2010).



Low Impact Development

conventional development
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Conventional Development LD Development

142 Lots 142 [oes

0% Shared Open Space 50% Shaed Cmen Space
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nwater infrastructure
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Low Impact Development - BMPs

s 2 2 4

media and processes of LID

flow control

detention

retention

filtration

The U.S. Environmental Protection
Agency defines Low Impact
Development (LID) as “an approach
to land development (or re-
development) that works with nature
to manage stormwater as close fto its
source as possible” (US EPA, 2010).

LID best management practices
(BMPs) are techniques that rely on
natural processes to manage water
quantity and quality (absorption,
infiltration, evaporation,
evapotranspiration, filtration).

i

infiltration treatment




Low Impact Development - BMPs

ey ot miui s Tty o “"“"““““‘t‘.. mmﬁ to land development (or re-
= development) that works with nature

The U.S. Environmental Protection
@ O ﬁ Agency defines Low Impact
Development (LID) as “an approach

it e el t0 Manage stormwater as close to its
i E e SOUrce as possible” (US EPA, 2010).
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LID best management practices
(BMPs) are techniques that rely on
natural processes to manage water
quantity and quality (absorption,
infiltration, evaporation,
evapotranspiration, filtration).

LID-BMPs

1) bioretention/ rain gardens;

2) bioswales;

3) green roofs;

4) permeable pavements;

5) box planters;

6) naturalized drainage ways;

7) rainwater harvesting for re-use.

PERMEABLE PAVEMENT «

. \ e @ » GRASSED SWALES
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Low Impact Development - BMPs
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Low Impact Development - BMPs

r

flow control detention retention filtration ﬂqmmﬁim":”

15

e I[I
retention surface sand infiltration riparian
filter trench buffer
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flow control underground rainwater underground pervious infiltration
devices detention harvesting sand filter paving basin

3 6
oversized dry swale wet vault bioswale
pipes

from mechanical to biological
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increasing level of volume reduction ——

LID facilities menu



Natural Water Retention Measures

Natural Water Retention Measures or NWRM are measures with the primary function
of enhancing and/or restoring the retention capacity of natural and man-made soil
and aquatic ecosystems. As a result, they deliver a range of services and multiple
benefits to people while contributing to the achievement of the objectives of different
environmental strategies and policies.

The application of NWRM supports green infrastructure, improves the quantitative
status of water bodies as such, and reduces the vulnerability to floods and droughts.

(European Commission, 2014)

Il ruolo del verde urbano
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Forest riparian buffers
Targeted planting for calching precipitation
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Natural Water Retention Measures

Natural Water Retention Measures or NWRM are measures with the primary function
of enhancing and/or restoring the retention capacity of natural and man-made soil
and aquatic ecosystems.

The application of NWRM supports green infrastructure, improves the quantitative
status of water bodies as such, and reduces the vulnerability to floods and droughts.
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Natural Water Retention Measures

Natural Water Retention Measures or NWRM are measures with the primary function
of enhancing and/or restoring the retention capacity of natural and man-made soil
and aquatic ecosystems.

The application of NWRM supports green infrastructure, improves the quantitative
status of water bodies as such, and reduces the vulnerability to floods and droughts.

Uo1
uo2
uo3
uo4
Uo5
Uo6
Uo7
uo8
uo9
u10
U11
U12

Green Roofs (European Commission, 2014)

Rainwater Harvesting
Permeable surfaces
Swales

Channels and rills
Filter Strips
Soakaways
Infiltration Trenches
Rain Gardens
Detention Basins
Retention Ponds 5+
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Rain gardens

A rain garden may look similar
to a street tree pit or a small
garden, but there are some key
differences. Here’s how you
oo can tell the difference:
| 1. Curb inlet - The inlet allows
water to flow into the rain
garden as it flows down the
curb toward the catch basin.
. 2. Outlet - Larger rain gardens
Tl : also have an outlet. If the rain
' : garden fills to capacity, water
i i : . L] 11 can exit through the outlet and
RARERERARERRRRAR] ARARARRRREREHAN ; j ERR2ARNE continue into the catch basin
R e N B S onthe street corner.
' = ' = iwp ¥eo 3. Stone Strip - The stone
- strip allows people to step out
5 of their cars without damaging
e : - ; ; . the plants

Il ruolo del verde urbano
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4. Plants - All rain gardens have plants and grasses which have been carefully selected to ensure they can survive on
busy New York City streets.

5. Soil - The soil is graded so that water ponds in the center of the rain garden.

6. Tree Guard - All rain gardens have tree guards around them that protect the plants and keep people and dogs from
walking inside of it.

7. Tree - DEP plants trees in rain gardens as often as possible. Trees benefit neighborhoods by lowering temperatures
in hot summer months, improving air quality, and providing habitat for birds and butterflies.
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Rain gardens

o
c
(]
0
[
-
3 c
o O
oW Benefits
W (@] STORMWATER MANAGEMENT
() w - Runoff reduction - Sedimentation
O = - Retention - Hltration
b o - Infiltration - Extended biological
(o) treatment
2 ADDITIONAL
- - Wildlife habitat - Educational
- Aesthetic quality opportunity

- Improves air quality

Cost & Maintenance Considerations

- Cost Low to Medium

- Maintenance: Low once vegetation is established

- Check for maintenance following intense storm
events and amend any erosion of berm

- Apply/amend mulch layer annually

- Maintain permeability of soil to prevent ponding

- Retained water should infiltrate after 24 hours

- Avoid use of fertilizers

TUDI DI MILANO

- Avoid heavy equipment on and around Rain Garden
- Locate at least 10° from building foundations

- Locate in full sun

- May amend soil for adegquate permeability
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Contaminant Removal

- Suspended Solids
- Nutrients
- Heavy Metals
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Residential rainwater harvesting

— ) RESIDENTIAL
<~ | RAINWATER
— ) HARVESTING

STORMWATER MANAGEMENT

= Runc T reduction Retention

ADDITIONAL
- Aesthetic guality Stores stormwater o

altemative wse

ize debris and
g waler 10 prevent insect

MsCannect et and drain In freezinn temperaiures

potential reatment requirements for harvesizad ranwates



Permeable paving

awers | PERMEABLE
.. PAVING

Senes

STORMWATER MAMAGEMENT

Runoff reduction Invfiltr ko

Giulio

Retantion Filtration

ADDITIONAL

Il ruolo del verde urbano

Ansthedd tuality _____.._ WES B U by
Prawvickes additional peryvious Edue ational
sUFlac ey oppe ity

: 0 Cost & Malntenance Conskderations

Coxt: Mediurn to High
Maintenance: Hicl
Vacuum twice annually to maintan permaability

Pros-treat wimber oo i Gnto __...__:..___.__:. [REVING With &

filtration BMP

— Constructon & Site Considerations

Mol sutable Tor stes with hazardous matenats or high
sediment runoff

Viarations an cons truction details are svatabile for sfles
with souls with Low infiliration ratas

Adaptabie to a wide vanety of site designs

Research i Acl=wsanmey o I ._U_.. il _.._ VioUE matenals
against-anticipated vehicle types and tratfic pattem

cey,
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consicleration for subsurface gradmg and drainage




Il ruolo del verde urbano

UNIVERSITA DEGLI STUDI DI MILANO

Giulio Senes

=
£
=
o
2
&
<
)
o
o=l
5p
<
)
N
=
-
1*}
5]
=
S
Pt
=
g
g
g
=l

Permeable paving

Pecmeable Asphali

STnrTREAEe 8 el S
though permesble mphalt
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provides strerumd support
il ATl Wnnags

Pemeable Concrebe
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and stormpwater Harage

Permeable Pavement

Waternview Recreation Center
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Green roofs

Giulio Senes
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VEGETATED ROOF

STORMWATER MANAGEMENT

- Runaff reduction -
Retention i al
- Evapotranspiration treatment
ADDITIONAL
- Aesthetic quality - Improves air guality
Provides additional pervious Educational
surfaces G tunity

...... Mamntenance Considerations

- Lost Medium to High (extensive), High (intensne)
- Added nsulation and evaporative cooling may reduce
utility costs
Maintenance: Low to Medium (extensive), High

(mitensiva)

Construchon & Ste Considerations

- Requires adequate roof structure; consult with a
structural angineer for both new construction and
potential retrofit applications
Intensive green roofs can prowvide additional habitable
amenity space



Tree box

TREE BOX

(7]

(]

[

(]

w

.w STORMWATER MANAGEMENT

m - Runoff redwction - Extended biological
o— )

(G - Retention freatment

- Evapatranspiraticon

ADDITIORAL
- Aesthetic guality = Improves air quatlity
- Provides additional pervious

surfaces

0 Cost & Mantenance Considerabions

Cost: Medium

- Maintenance: Medium

Periodically test sail for lgh contaminabon levels and
repiace if necessary

- Periodically serate soil

Remove litter and debris after storm events

Il ruolo del verde urbano

TUDI DI MILANO

5

uction & Site Consderabions

- Trew boxes can be implemented in dense urban areas
Reszarch and choose trees appropriate to site cultural
conditions

Provide grate over root zone it implemeanted in high
foot traffic areas

Avoid [ow spots

M
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Suspended Salids
Mutrients
- Heavy Metals
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Bioretention cell

#| BIORETENTION

o
c
5]
Na]
5 ==
2 O CELL
3 c
e O
oW
Z o
[T} = STORMWATER MANAGEMENT
.r.w - Runioff Reduction - Evapotranspiration
o Retention Extanded biological
nUu - Infittration treatment
-
— ADDITIONAL

- Wildiife habitat Improves air quality

- hesthebic guality Educational
Provides additional pervious  opportunity
surfaces

Cost & Mantenance Considerations

Cast Medium fo High

- Maintenance: Medium to High

- Inspect monthly and afler large storm evenls

- Inspect inlet/outlet for blockages such as plant
clebris/litter

TUDI DI MILANO

GLI &

DEL

uction & Site Considerations

Locate at least 2 feet above groundwater table
- Site slope should be less than 20%

I
pattimento di Scienze Agrarie e Ambientali
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Contaminant Removal

Suspended Solids
- Mutrients
Heavy Metals
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Bioretention cell

Stormwater Bump-out

Senes

10
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Shepard Recreation Center Cormer Burmnp-out
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Cueen Lane Mid-Block Bump-out
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Vegetated swale

VEGETATED

o
c
(1]
Nal
=
>3 SWALE
3 c
(]
ud
oW :
> o Benefits
d — STORMWATER MANAGEMENT
o 5 . . ; :
e - Extended biological - Sedimentation
o O -
—_— treatment - Straining
m - Bvapotranspiration
et ADDITIONAL
- Wildlife habitat - Improves air quality

- Aesthetic quality

Cost & Maintenance Considerations

- Cost: Low to Medium
Maintenance: Medium

- Reduces need for conventional stormwater
infrastructure

- Maintain vegetation and soil stability

- Inspect inlet/outlet for blockages such as plant
debris/litter after storm events

- Locate at least 2 feet above groundwater table
- Ideal for sites with less than a 1-2% slope
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- Suspended Solids
- Heavy Metals
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Stormwater swale
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Figure 2.4.3:
sidewalk on part of the Queensway in Toronto. (Source: Deep

nstalling the soll support system under the

Root Inc.)
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Figure 2.4.4: Sidewalk following construction, showing healthy
trees. (Source: Deep Root Inc.)




Stormwater swale

SOIL CONDITIONS b
Diverse, heatthy sol biology
High cation (nuttient) exchange
capacity

High water holding copacity

¥ | Srganic replacement

g o o,

LARGE CANOPY
Long life cycle

o

m Canopy . Urban trees as a
storm water & ket ili

.m ) canopy enton ) i *..w £ storm water utility

o O i " ' 4 | “.. ......._. 2 ..-..Hﬂmﬂ with E&

m m .ﬂ.!uﬂ:.nﬂ_u_: i ,[ v B Lm!m.ﬂ_.ﬁmu.._m"ﬁ_..mummeﬂ! Tipes & 5o

e S |..f.. k L

> 2 ? @

T == ;

o .2 .

o O

o

-

-

n Adequate soil

rati LARGE

respiration
90K e tot: HORIZONTAL
ROOT SYSTEM

e .U.___.-Lr.llll
—

A Tsurface absorbing
rootsin top 12-18
inches of the soil

Grourd water
wicking up
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Commercial rainwater harvesting

—\ COMMERCIAL
~— | RAINWATER

()
c
(]
0
[
o 8 HARVESTING
@ c
o O
O w
W m STORMWATER MANAGEMENT
-“ Iu. Runaff Reduction Ratention
o pu—
oV ADDITIONAL
(o] - Stores stormwater for - Educational
m altemative reuse apportunity

- Aesthetic Quality

ticipe Mational laborsiony

7 i ooy, T o

& Maintenance Ct

Cost: Medium to High

- lrrigaticn with harvestad ramwater can offset utiity costs

- Maintenantce: Medium

- Inspect after storm events for debns and proper
inflow foutflow

- Install gutter screens lo manimize debris

- Install a-first flush diverter to minimize debris and
potential contaminants

- Perindically drain/treat unused water to prevent nsect

breeding

If located sbove freeze/thaw line, disconnect inlet

and drain in freezng temperaties

e Agrarie e Ambientali

- S7e of storage facility based on rainfall pattems,
ranfall intensity, roof size, and anticipated usaga
Possble odor if left stagnant and unused

- Storage vaults can be located sbove or below ground

- If above ground, use a dark colored, opague storage
device and {ocate m shade to decrease algae growth

- May Le connected to an imigation system

- Consult with a professional regarding allowable uses and

potential treatment requirernents for harvested raimwator
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Sand filter

SAND FILTER

wv
()
c
a
Benefits
m STORMWATER MANAGEMENT
2 - Extended biological - Sedimentation
O treatment - Fltration

Considerations

Cost & Maintenance

Il ruolo del verde urbano

Cost: Medium (Surface) to High (Underground)

- Maintenance: Medium to High

- Inspect at least once a month, or after large storm
events

-~ Special disposal method may be required in cases of

severe contamination

Construction & Site Considerations

TUDI DI MILANO

Size: Approximately 2-3% of drainage area

- May require forebay in areas of high sediment runoff

- Vehicles should not drive on top of underground
facilities

- Provide access to the devices for inspection/

maintenance

Dipartimento di Scienze Ag

UNIVERSITA DEGLI

Stormwater Management Characteristics

- Suspended Solids
~ Nutrients

- Heavy Metals

- Hydrocarbons



Infiltration structure

INFILTRATION

o

c

5]

0

[

3 3 STRUCTURE
3 c

o O

O (V]

>0

= STORMWATER MANAGEMENT

o .2 - Runeff Reduction - Infiitration
o o - Retention

m ADDITIONAL

” - Prowides additional pervious - Educational
- surfaces opportunity

o Cost & Maintenance Considerations

- 'Cost; Low 1o High

- Maintenance: Medium to High

- Can be difficult to access and perform mantenance
Sub-surface storage decreases land area needed for
stormwater management; opportunity to add value to
proparty by preserving bulidable space

- Maximum drainage area is approximately 2 acres

- Pre-treat contaminated runoff flowing onfo infiltration
structure with a filtration BMP

0 Construction & Site Considerations

- Inspect for undarlying karst topography
eal for urban settings with limited space

e - Hydrocarbons
- Heavy Metals

grarie e Ambientali
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Dry pond

VEGETATED
“\ws””| DETENTION BASIN

o

c

5]

Na]

—

S wn

-

To (Dry pond)

] (V]

> 0

= STORMWATER MANAGEMENT

O m - Peak flow reduction - Sedimentation

o O - Detention

o

3 ADDITIONAL

” - Wildlife habitat - Provides additional

- - Aesthetic quality pervious surfaces
il . - Improves air quality

Cost & Maintenance Considerations

Cost: Low to Medium
- Maintenance: Medium to High

- Long lasting and durable

- Annual sediment removal

- Inspect inlet/outlet for blockages such as plant
debris/litter after storm events

Ambientali

TUDI DI MILANO

|

Construction & Site Considerations

DE

Size: Approximately 1-3% of drainage area
Inspect for underlying karst geology
Locate at least 2 feet above groundwater table
Needs differential inlet and outlet elevation

- Locate in full sun

NIVERSITA I

Dipartimento di Scienze Agrarie e

L

Contaminant Removal

- Suspended Solids
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WET POND

o

c

(1]

0

—

> 9

@ c

o

] w

> 0o

d o= STORMWATER MANAGEMENT

© m - Peak flow reduction - Sedimentation
o O - Retention

m ADDITIONAL

” - Widlife habitat - Aesthetic guality

Cost & Maintenance Considerations

- Cost: Medium
Mamntenance; Medium ta high

- Wegetation upkeep

- Pond aeration often required

- Inspect inletfoutlet for blockages such as
plant debwis/litter after storm events

- Requires base flow to prevent stagnation

- Avoid fertilizer use around wet pond
Dredging necessary once a percentage of
pool is replaced with accumulated sediment

TUDI DI MILANO
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= ion & Site Consderations

T
_en— s o LW ]

Requires an impermeable liner/membrane or soil Layer
Inspect for underlying karst geology
- Permanent standing water may pose safety lality

NIVERSITA I
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Contaminant Removal

- Suspended Solids
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CONSTRUCTED

o

c
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0

| =

0 WETLAND

3 c

o O

O (V]

>0

d o= STORMWATER MANAGEMENT

O .m JH.._....::J_ r__._”....._m_._ﬁ ."“_. and < o

o (O] _.|:.u:.=_ & realmeant Filtra

|o. Evapolranspratson Peak flow reduction

=5 Sedimentation

| .

— ADDITIONAL
- Wildiife habitat - Improves air quality
- Aesthetic gualny - Educational

appartunity

Cost & Mantenance Considerations

Cost: High

- Maintenance: Medium

- Sod may need to be replaced every 5-10 years due to
buldup of contaminants

- Penodic removal of debris and trash

- Mantenance of vegetation to prevent undesdrable species

TUDI DI MILANO
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- Applicable to large dranage areas
- High educational opportunity; good for school yands
- Safety challenges posed by standing water need to
be consdered and addressed
Lrcate i fuil sun
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Filter strip

FILTER STRIP

STORMWATER MANAGEMENT

Sedimentation Straming
- Fittration

Giulio Senes

ATHTIONAL

ife habitat Prowides additsonal

o
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o
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|

pervious suriaces

Consderations

Cost: Low
- Maintenance: Low

hdcrw only in latle wintern frequent moving reduces
effectivensss
Stable groundcover must be mantained to ensure
proper funchoning of fitter strip

- Oeeasional sail aeration may be regured

TUDI DI MILANO
Ambientali

|

Size: B0-100% of dranage area

- Dramage area not to exceed 150 lnear feet

- 50% maximum siope

- Not applicable to high-density sites due o high
syuare-footage regured

DE
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Suspended Solids

Mutrients (incidental)

Heavy Metals (iIncidental)
- Litter



Synthesis

_BaﬁmaémﬁmﬁOCch /
m_opom_nm_. f=cia Physical Filtration
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Synthesis

Cost Benefit CompariSon  oiec Beneit Faing: @ High © Maderate O Low © Nore

Boulevard bioretention units and permeable paver driveway:

Dirsct benefils [ndirect benefits: Miunicipal Considerations:
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Curb-and-gutter with stormwater management pond:
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[irect benefits Indirect benefits: Municipal Gonsiderations:
0 Valume reduetion v Maintains traditional X Highar X No groundwater
moed aeathetic mantenance costs.  rechargs
O Srogiorrcantl v Protect Great Lakes 3 Ineranzed sioslon 3 Pond sedimant
O Water quality v Help meet eryronmental contral costs chean oul
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Conventional road reconstruction {curb-and-gutter):
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Biodiverse green roofs

Increase Depth of Provide Microclimates Provide Nesting
Growing Media ool e _ Opportunities
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Complete Streets
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Streets Are Great Streets are Streets Can Design for Streets are Act Now!
Public Spaces Great for Businesses Be Changed Safety Ecosystems
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Green Streets

» Pedestrian friendly

e 1000 cf soil volume for
street tree boxes

™.,
* Landscape areas—~__

£

* |Interpretive signs

¢ Bike lane

\

¢ (Permeable sidewalks

s A : ,H\ + Bioretention
g | . u_.q._.__m_nm.m_ energy~efficient /
mm__‘mﬂ.*_ummmmwk  Transit oriented*
\\U\lnl.l.l.l.l.ll..llll.l.lullnlullllulllnlln

Figure 4.3.1: Anatomy of a Green Street. (Source: Ann English)

\.\ ¢ Recycled materials used
I

Mature street trees

s i

. noaﬁoﬂ amended soils

)

_umq_zmma_m pavement in

|
parking lane * Bike rack
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Seattle Green Factor

SEATTLE

Grwan P ber Joray
B 030 s wain
B 50 s amw

. 0B mimum ks

s 1~ . e g 1 ” &
___u-.nm= Factor Score Sheet SEATTLE-green factor
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Seattle Green Factor
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% 5 &l Commercial & Neighborhood Commercial 0.30 {2006)
§ w Industrial Commercial {in Urban Villages) 0.3012010)
< 2| & Midrise and Highrise Residential 0.50 (2009)
-g g Lowrise Multifamily Residential 0.60 (2010)
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Banus +0.1: For drought tolerant landscapes and for landscapas visible from the dight-of-way.

Seattle’s Green Factor requires 30 percent parcel vegetation in business districts. Property owners can use various
practices to reach the 30 percent threshold, with bonuses for rainwater harvesting, drought tolerant plants, tree
preservation, green roofs and more. Image from the City of Seattle.
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