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Calibration & Verification

20144

BEmites | BAME | E@mEE| 25

A B el o (mm) ( hr) R?Z [MAPE e 2015@
152155 ?750 145 25.1 10.3 0.54 67 &

5 = REIEEs | BAEWE |BWRE |, S
sl s 1435 310.2 12.9 0.80| 43.1 I E%‘ﬂﬂ 1 R MAPE =
2210~2205 : : : : < (min) (mm) (mm/hr) EAR

= 248 _
oo | 255 | 952 | 122 foss{aon | & 03i5-07a5 | 270 52. 5 116 [0.65 48.7| =
78
70 17.2 15.6 0.53| 34.2 = 23H
2010~2120 =~
6| 2002 1225-1755 330 243 4.4 0.06| 60.8 &
1950~2055 65 32.7 30.2 0.58| 45.0 T 58 )10 g s 08 045 576 %;
298~308 _ 0725~1055 ' ' ' '
23300240 190 23.7 7.4 0.78| 68.4 x5 05
18 B

Lisssieso 195 3.9 23 losol 754 x 0330-0810 280 54.7 11.7 |0.77| 482 -3
228 ~23 8 _ 208
2320~1135 | /3° 347 4410341753 B 09351635 420 28.6 408 035 552 | &

118
. . 50 25.6 30.8 0.50| 409 &
17:15-18:05 UlE 55 16.3 178  |0.86| 44.6 2
138 N 1535~1630
8 13101440 90 48.1 32.0 0.89| 32.8 FE =
iz}
155109j655 65 36.8 34.0 0.71| 499 & 1550~1920 =l — 26.9 0.74( 45.8 r=
98 N 25 ) ]

, | 1955-2353 240 53 132 [0.63] 39.6 3 05500025 215 23 6.4 0.69| 50.3 x

02325%3955 440 96.4 13.2 0.79| 45.8 e
bt LB =} k‘k‘/__\ . =] k‘k‘A . =

BIRE s | 1 | s Jou] 71| = iR RE22Y; 0 15 ¢ 135 0 MG 9%
0105~0320
P 4

Al WED | KEBS




— B o
§
)

=14

I»I»

JIII"

3 1| a— e || Bt | Las— - 2015/02/24

i I T (03:15~07:45)

5 "t % 4 BF D 4.5hr
e 5 & 0 52.5mm
0.07 ——fELID
0.06 -=5LID

SO e
£ LID#% % : 263.6m3
% LIDz% % : 182.5m3

i 153
. ) ) . el
03:15 04:00 04:50 05:40 06:30 07:20 07:45
i 1 NS % 0 31.8¢9
3=t 'J /}é‘ - - 1 A)
TAIPEI .
£ TECH C




P b

0.15

0.1

0.05

——JELID

-a-FLD

2015/08/18
(15:50~19:20)

% & 4f pF 1 3.5hr
%% £ 1 94.2mm



RE 52 b A i e PR 251 5 5k

|

LR IO AT i TETE

Rk
2001/9/15 12:00~ 2001/9/18 23:00
T # % & 853.8mm

|3 LID% % 11832.36m?

#LID2x % 12985.15m?

1 5 9.8%




&b AR Bt R

Horner/ A=,
ERMEFHRBETS. 8K/ P2 HEAR a
08 - - 0 | =
C
g7 —— - 30 (Td + b)
- 100
0.6
— i 3 ik | = B%ﬂﬁ?ﬁﬁ&}j?ﬁ
e P coee RLIDZ - 200 ~ Td= B%ﬂﬁifgzaﬁ‘ »
i O — FLID&# 250 E a~b-c=H&EE
g 03 .e.. /\.e. L 300 g :[ti[ljj)
a7 0 % EFAEAF © 15hr
r e o0 © [ R ¢ 118.2mm
0.1 ——tterwesess | 450 sz N
0 / o 1EOm R
—— T T T T T A IR LM - 3
ST LSS S LS LSS ST FT S S AL DEXBEZ - 1129./m
ORI RS A ALI DEsliti - 941.5m3
B (24%)
M AER * 16.7%
_.T_A/II”EI

C

£ TECH



PR Bk

T uf"w'w'r[u ,'

7N

2010-2011

5'( .

4034.4mm

Ny

)\:ﬂr

62149.4m3

LID%% %
LID% %

40329.3m3

N
B
2

F

.:::jEEi (jj%%iﬂg

LR

T

|

30

100

150

woooe @LID#A
— A LIDiA%

A R

cmma

R

« ol on ou v vy

D sl o

H

0.02

0.015

0.01

0.003

LLOZ/LEZL
LLOZ/LLITL
LLOZ/E0/MEL
LLOZ/GLLLL
LLOZ/HSO/LL
LLOZ/ZZIO0L
LLOZ/B0/M0L
LLOZHZI60
LLOZ/OLI60
LLOZ/LEI80
LLOZ/E IR0
LLOZ/OENLD
LLOZ/OLILO
LLOZ/ZOM0
LLOZ/BLI90
LLOZ/H0/90
LLOZ/LE/SO
LLOZ/LOSO
LLOZ/ETHO
LLOZ/HE0/MH70
LLOZ/OZ/ED
LLOZ/Z LD
LLOZ/9Z/Z0
LLOZ/ZLIZO
LLOZ/6T/L0
LLOZ/SLILO
LLOZ/LO/LO
0LoZ/sLiTL
0L0ZH0ITL
0L0Z/0Z/LL
0L0Z/90/1 1
0L0Z/ETIOL
01L0Z/60/01
0L0Z/STIG0
0LOZ/LL/60
0L0Z/8TIRO
0LOZ/HLIS0
OLOZ/LEND
OLOZ/LLILO
0L0Z/E0/L0
0L0Z/6LI90
0L0Z/S0/90
0lLoz/eTiso
0L0Z/80ISO
0LOZHTiF0
0L0Z/0LH0
OLOZILTIE0
aLoz/ELieo
OLOZ/LZIZTO
oLoZ/ELico
0LOZ/0ENO
0LOZ/9L/L0
0L0Z/Z0/10

L 35.2%

A,

san

a

Q'

¥

—
(N

»

e

T~

‘E




AERFRLID g e 2 i 1l TN

" E 2 8 %% § (mm)| ERECL )| SRR (M) | )
TP T E #LID%* | 1182 1.5 1129.7 | 16.7 %
ZHFAX | omm |4 LID® | 1182 1.5 941.5
78.8mm/hr
2010~2011 # 2 LID % | 4034.4 - 62149.4 | 35.2 %

®m |4 LID% % | 4034.4 - 40329.3
2015/02/24 #LID%*% | 525 45 263.6 | 31.8%
Bm |4 LID%*% | 525 45 1825
2015/08/18 £LID® | 942 3.5 690.5 | 27.7%
Bm |4 LID%% | 942 3.5 499.4

P 4
2! WED KBTI



s EEHRERE Green Infrastructure
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=EREETRIHE ( ASLA)
Nature 1s also Iinfrastructure.

4

- 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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s EEHRERE Green Infrastructure

y B
£H

IRIRE ( 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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s EEHRERE 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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Matura 2000 Forest

biodiversity-rich
business park
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HihmEaRERERERE ( =pIgZEES Ay )

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

Sites D E F

Date 2012/04/08  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
Oil 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 <0.0005 0.0005 0.001
Cd <0.002 <0.002 <0.002 <0.002 0.002
Ni <0.02 <(.02 <0.02 0.05 0.028

-: not test.

(Wang, Chen, and Lin, 2013)
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Low Impact Development (=)
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' Source: LID, 1999
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Surface Water Management Train (35 )

Runoff & pollution
Management R

Source )
Control
Discharge to
atercourse or - i
groundwater Discharge to Regional
watercourse or Control _.
groundwater Discharge to
watercourse or
groundwater

\ SUDS working party, 2010 30



Water Sensitive Urban Design (27

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

“\:EI/:|\7J<T}EEEU /_’_EEE/\%B M ET%@E:E\ZEQE-I—

natural water balance Urban water balance WSUD water balance

\ source: Water By Design http://waterbydesign.com.au 31
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LIDEREE ipiE@BARL A (City of Edmonton, 2011)
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i L DR A ERHA

SRS

USEPA(2007) Lo L7 i s T
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(peak flow control)
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(runoff volume control )
y [~ SR IEREIRIS R (55 BMP)

v

43



— -~ (RFEEAE

#7122/ (Conservation)
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Existing Towaship Read
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Traditional

[N

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.

BOEERE  REFRETEARZERINE
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+ Open drainage

« Use green space

* Flatten slopes

« Disperse drainage —
« Lengthen flow paths

+ Save headwater areas '
* Vagetative swales

* Maintain natural flow paﬂu

* Increase distance from streams
« Maximize sheet flow

A
Pl V4
=t
|
dH
—
O

Maintain Time of Concentration

(Coffman, 2002)
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FABUKEBREEERER
(Toronto and Region
Consrvation Authority,
2010) -
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20,800 19,000 16,500

Approximate lineal feet of pavement

15,300
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(City o Edmonton, 2011)
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. i'] /:;J ] Storage Detention & Filtration
P o “LID’s IMP’s"

o N g
(/7
« Uniform Distnbution at the Source
e | S
* ifq ET 7 Uipen -:lr:lillagl: sl s
}g_ ‘J‘ET PT 7L — Rain gardens ‘hioretention
E"?’ smaller pipes and culvers
? _ Small inlets
o) & «f J ¢ - |.'.:I|:|1|L"-.xi1:-||| storage
— Intiltration
* 4 ji%’ ? IP:’- — Roofiop storage

— Pipe storage

— Street sforage
Rain waler nse

— Soil managemeni

(Coffman, 2002)
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w AR RKEDE ( LIDERKE )

» #E/KEHE (Permeable Pavements)

» EWTEE M (Bioretention cell /island/ strip/
swale/ rain gardens)

» &xE]8 (Green roof/ ecoroof/ vegetated
roof/ living roof)
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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.

53




Figure 2: Multi-level or stacked parking behind a business further reduces
imperviousness and complies with Emeryville’s “Stormwater Guidelines
for 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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University of Minnesota’s TCF
Football Stadium




Vegetati S‘lpne o nl_'.herto profect Downpipe from roof
g ) on spllfrom high flows draining into planter

L

“ﬂ+

Overflow
pipe

2 —AER
w118 IR LIDEZ I

as required

<71/

- A

HES
=0

Jif ot

Thick
filtration
layer

such as
sandy loam Planter

casting
Drainage

layer
such as
gravel or
sand

2P TE = o

Jl=1I=RPR /J\
Downpipe delivering water from
roof to raingarden.

\ ==
Drought tolerant native spedes
fare well in raingardens.

N2

SEAN

Z
Mulch in garden to keep

infiltration capacity high.




2010

USEPA-841-F-10-004,
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‘R JRAETE

» FEF/E (plant layer)

» EREE (substrate
layer/growing layer)

it

» 8B E (filter layer) .5,

— . e I
» BE7K[E (drainage e P iciiciitaia
layer)
>%*E e

(waterproofing layer)
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(Gregoire and Clausen, 2011)

Connecticut, USA*

T/ 56%

Augustenborg, Sweden®
Pennsylvania, USA?
Georgia, USA?

Bengtssonetal., 2005
Berghageetal., 2009

Carter and Rasmussen, 2006

Pennsylvania, USA®
N. Carolina, USA?
N. Carolina, USA?*

DeNardoetal., 2005
Hathaway et al., 2008

Hathaway et al., 2008

Oregon, USA* Hutchinsonetal., 2003
Toronto, Canada* MacMillan, 2004
Michigan, USA® Monterussoet 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 balance %% retained
* Reported average %% retention
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LB =R =R TEDCRR B 4% /= [ 1R B 15 15
(XA Green Build-Out Model)

Hydrograph - (6-hr 1" storm
H}rSLJL'ngaewpelrr: S{W—ANAE? :I

Municipal Separate
Storm Sewer System
(MS4) Area

4 _D Combined Sewer

System (CS55) Area

m Elue'Plains Waste
Wiater Treatment Plant

35 == Baseline Conditions
== Trees Only

3.0 — Green Roofs Only
o — Green Roofs and Trees
%2.5
&

20
£S5
S
o 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
Watershed, MS4 area)
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» FERLIRIT I ER T Rl (first flush)
o BEIRVIEINERK TR EE RS @ ZEXMKGEFE
=ERE -
> First flushf2#& &structural BMPRIES 5T B S KI F -

First Sush of contaminated water & Once chamde: is full fresh water
dwverted into chamber fiows to ank
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%% 137%8 (Green Streets)

Anatomy of a Green Street

“‘%ﬁ %E '>
P&t i
Pedestrian friendly 17 AR ZIREE /R ecycledynaterials used AR
1000 cf soil volume for
street tree tree boxes /

\\_,\_/ , 3 oo : BH
Landscape areas ' / ‘V 't ¢ Compostamended soil HEAE 1558
P ; .

= ' " Permeable pavement in
E .7| I'I
VL

\ ' .

e/ @lg ‘ |
Permeable sidewalk < ] % Bike Laney &,
. o ..\ x ‘Tnv/ n/
@7J< = /,M l

* N Wy

} Mature Street Trees

.., : Permeable bavement Bioretention - -
Transit oriented : : N
in transitway " o
s s piy  Shielded, K S H-HEFE  Interpretative signs
TS PReE T Energy efficient street fixtures it o
EiRE

&iR}ARJE ¢ http://www.lowimpactdevelopment.org/greenstreets/practices.htm

parking lane . SO
, 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



innesota- Green Line project
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&/ 25 © The Chicago Green Alley Handbook
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ional: Existing curb and planti
incorporated into curb extension

}l —>_J 2= — _r»—> — 0 LA
» 'Jr,. L S )

( = =
N o < R

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
1 Eco-pond
¢ Rainfall storage system

Constructed in 2013



Results of SWMM model

» The runoff reduction rate:
> 43.5% in 2005 . , . .

YT g e mypr Tt
e 1] Ll
(2,575 mm)s e
0.2
Prede
o 54.5% In 2011 ‘ Devel Development
— Devel nen 0.16 Development:
0.3
(1,205 mm)_ - g |
£ £
2 2
H =
2 =
& & .08 |
n
01 - | Co ' ’
| | “I | 0.04 — \‘ ‘l |
| [ | |
U ;ﬂ i .
0 L ‘;Y‘Iiﬁ J . ﬁil,“ F 1| :,}I.- l:ﬂt i o 1 M - PR ‘» wl, U ]
n Feb Mar Apr May J Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
5 0

— 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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o1 ¥ Pollution Prevention
YiE
* —i%- -‘}1: Ji < 4% Reduction in NEP
Kettering Demonsirafion Project

« Maintenance

« Proper use, handling and disposal
— Individuals

* Lown / cor/ hazardous wastes | reporting / recveling
— Industry

* Ciopd howss keeping ¢ proper disposal | reuss ( spills
— Business

= Alternative progducts / Product linbility &
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Addressing Climate Change with Green Infrastructure
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A Green Roofs for Healthy Cities Event

METE - SFEIEH
SUN Lab 8

Sustainability in Urban & ’Vanue




