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4F IS Green Infrastructure

s

¥ =ERETEI S ( ASLA)
Nature Is also infrastructure.

- Nature can protect people against flooding or excessive
heat, or help to improve air and water quality, which
underpin human and environmental health.

» When nature Is harnessed by people and used
as an infrastructural system it's called "green
iInfrastructure."
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4F IS Green Infrastructure

s

FIR{FE ( USEPA ) : Green infrastructure is
a cost-effective, resilient approach to managing
wet weather impacts that provides many

community benefits.

- Gray stormwater infrastructure is designed to move
urban stormwater away from the built environment.

> Green infrastructure reduces and treats stormwater at its
source while delivering environmental, social, and
economic benefits.
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4B EEE Green Infrastructure

» B

» BREE (EU ) : Green Infrastructure can be broadly
defined as a strategically planned network of high
guality natural and semi-natural areas with other
environmental features, which is designed and
managed to deliver a wide range of ecosystem
services and protect biodiversity in both rural and
urban settings.

> Gl, being a spatial structure providing benefits from nature to
people

> enhance nature’s ability to deliver multiple valuable
ecosystem goods and services, such as clean air or water.
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F B8 Green Infrastructure

Green
, %ﬁ = Infrastructure
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HihmEaRERERERE ( =pIgZEES Ay )

Table 4. Sample mean concentration (SMC) for runoff analysis (mg/L. ppm).

Sites D E F

Date 2012/04/05  2012/08/17 2012/12/18 2013/02/27 Average
SS 73.5 801.2 148.4 416.9 360
NH;-N 1.8 1.0 3.24 1.06 1.77
TP 0.15 0.26 0.65 0.35 0.35
COD 160 200 104 192 164
01l and Grease - 10.8 2.5 1.8 5.03
Cu 0.009 0.009 0.009 0.05 0.02
n 0.46 0.21 0.22 0.72 0.40
Pb 0.07 <0.05 0.14 <0.05 0.08
Cr <0.02 <0.02 <0.02 <0.02 <0.02
Hg <0.0005 0.0007 <0.0005 0.0007 0.001
As 0.0036 0.0006 <0.00035 0.0005 0.001
Cd <0.002 <0.002 <0.002 <0.002 0.002
N1 <0.02 =(.02 <0.02 0.05 0.028

-: not test.

(Wang, Chen, and Lin, 2013)
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» Z2@: Low Impact Development (LID)
» 2 [H]: Sustainable Drainage Systems

(SuDS)
» JBIN: Water Sensitive Urban Design
(WSUD)

» HZAR: #85787
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Low Impact Development (EE)
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Surface Water Management Train (

Runoff & pollution
Management saly s

Source
Control
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Discharge to D{}'_.O |5 ; =
watercourse or : .
groundwater Discharge to Regional
watercourse or Control _.
groundwater Discharge to

watercourse or
groundwater

\ SUDS working party, 2010



Water Sensitive Urban Design (G&i}

» Water Sensitive Urban Design (WSUD) is
about integration of water cycle
management iInto urban planning and design.
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natural water balance Urban water balance

WSUD water balance
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Traditional

In this example, LID design reduces imperviousness by changing the cul-de-sac design,
reducing street width and lot size, and instead clustering houses around common green
spaces that also serve as infiltration sites and preserving natural features.
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e ] , + Open drainage
° =1 N - Use green space
i £ PR . Use green sp

* Disperse drainage
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+ Lengthen flow paths

+ Save headwater areas '
+ Vagetative swales —
* Maintain natural flow paths
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+ Increase distance from streams
+ Maximize sheet flow

(Coffman, 2002) 5
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(Toronto and Region
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2010) -
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LOOPS LOLLIPOPS
FRAGMENTED WARPED AMD OM A

GRIDIRON PARALLEL PARALLEL LOLLIPOPS STICH

\ == iygiVl

20,800 19,000 16,200 12,300 15,600

i

Approximate lineal feet of pavement

EHEEIEMEE T - AEEHERFT IRV EIRRE
(City o Edmonton, 2011)
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Hollywood Driveways have a dividing strip of grass in order
Porous pavement covers about 1/3 of each to reduce the amount of impervious surface. Another way o

parking space in the D.C. Navy Yard parking reduce driveway space is to share one with a neighbor.

40




Figure 2: Multi-level or stacked parking behind a business further reduces
imperviousness and complies with Emeryville’s “Stormwater Guidelines
far Green, Dense Redevelopment.”

Figure 1: This commercial site includes parking lot swales to bioinfiltrate
impervious surface runoff.

USEPA-841-F-10-004, 2010
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(Gregoire and Clausen, 2011)
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Connecticut, USA?
Augustenborg, Sweden® Bengtsson et al., 2005
Pennsylvania, USA? Berghageetal., 2009
Georgia, USA? Carter and Rasmussen, 2006
Pennsylvania, USA® DeNardoetal., 2005

N. Carolina, USA?
N. Carolina, USA*

Hathaway et al., 2008
Hathaway etal., 2008

Oregon, USA* Hutchinsonetal., 2003
Toronto, Canada* MacMillan, 2004
Michigan, USA® Monterussoct al., 2004
Karlsruhe, Germany* Steusloff, 1998
Sheffield, Uk® Stovin, 2010
Michigan, USA® VanWoertetal,, 2005
0 10 20 30 40 50 60 70 80 90 100
® 4% retention based on mass balamce % retained
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Hydrograph - (6-hr 1" storm
ySubgsew%r: S{W—ANAE? :I

Municipal Separate

Storm Sewer System

(MS4) Area m Elue'Plains Waste
Water Treatment Plant

4 D Combined Sewer
System (C55) Area
35 == Raseline Conditions
= Trees Only
30 — Green Roofs Cnly
o — Green Roofs and Trees
%2.5
&
2.0
5
S
1.5
1.04
05
0.0 T — -
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Time (hrs since start of storm)

Figure 11: Sample Sewershed Hydrograph (6-hour (1 inch). design storm) (Anacostia

W’atel shed. MS4 area)
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%% 137%8 (Green Streets)

Anatomy of a Green Street
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BITRE
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parking lane | s
, F/K M EE
Bike Rack
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Minnesota- Green Line project

ROOTING OUT POLLUTION

Trees along the Green Line
help reduce pollution in
Mississippi River.



innesota- Green Line project
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&/ 25 © The Chicago Green Alley Handbook




(E32)

& 18 %

ional: Existing curb and planting
Opt strip can I-Eetretamed';susor Z‘Egmed .

ted into

incor P

Figure 2: Portiand'’s first Green Streets project at NE 35th and
Siskiyou features curb cuts, bump outs and swales.
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» Location: The Huangjong elevated express road,
Taichung city, Taiwan.

» Dimensions: length 4.7 km, width 33.6 m.

» LID facilities: infiltration ponds, infiltration swales,
rainfall storage tanks, and ecoponds.

» Water reuse: stored rainfall is filtered and
pumped back to watering plants on roads.

» Cost: The road costs 6 billion New Taiwan Dollars
(NTD). 50 million NTD are for LIDs.

» Benefit ? (runoff reduction rate?)
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legend

--~ Infiltration swale

@ Infiltration pond
¢ Eco-pond
¢ Rainfall storage system

Constructed in 2013



Results of SWMM model

» The runoff reduction rate:
> 43.5% In 2005

(2,575 mm)m o

°54.5%in 2011 pE

(mm)

B L LIRSS

0.3
(1,205 mm)_ o |
£
H ES
= = 008 } |
01 - | o ' " ’
i ITnn
0 ! ”“ | ilil;.F‘ 1|1‘Y|3,}|H|;A} 0 ‘ ! .\ l‘w’, | !
M Apl ay Jul Aug Sep O an Féb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2005

— the performance of LID is better in less rainfall year.
( because high rainfall intensity results in more water
overflow and less water retained in LIDs)
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Current pictures of the Green Road
(2016/06/17)
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* Maintenance

* Proper use, handling and disposal
— Individuals

* Lo/ cor / hazardous wostes ! reporting S recveling
— Industry

= Good house keeping | proper disposal / reuss / spills
— Busingss
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(Coffman, 2002)
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http://www.azuremagazine.com/wp-content/uploads/2013/04/Grey-To-Green-01.jpg
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GREY TO GREEN

Addressing Climate Change with Green Infrastructure

Toronto | June 1-4, 2016 | greytogreenconference.org
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