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Figure 1. Typical PICP components Uncompacted Subgrade Soil
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Runoff Water
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Figure 3. Inflow and outflow of water on permeable pavement
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Figure 2. Temperature sensor locations

within pavement cross sections.
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Green Infrastructure and Low Impact

Development : Theory and Practices
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LID 4R %573 ¢

> % — & LID W% # 3¢ ¢ — College Park, Maryland, 2004
> % = B LID ®*% # 31 ¢ — North Carolina, 2006

> % = & LID ®W*% # 3¢ ¢ — Seattle, Washington, 2008

> ¥z B LID ®*% # 3t ¢ — San Francisco, CA 2010

> % I /& LID B # 34 § — Philadelphia, PA 2011
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Part |

Green Infrastructure and Low
Impact Development b

Defined, Principles and Benefits é‘_._

“An interconnected

network of green space
and environmental assets
that conserve the
functions of natural
ecosystems and provide
associated benefits to

people.”

- Mark Benedict and Ed McMabon of The Conservation Fund
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Green Infrastructure: Define and
Beneficial Functions

* Green infrastructure (Gl) is an approach to wet
weather management that maintains or restores
natural hydrology. The same principles are the
main objectives of the low impact development
(LID) approach.

» Green infrastructure is principally structured by a
hybrid hydrological and drainage network,
complimenting and linking green areas with built
infrastructure that provides ecological functions.

* Gl promotes the use of LID practices. Therefore
sometimes the two terms are used interchangeably.

LID Defined

Low Impact Development (LID) is an innovative stormwater
management approach with a basic principle that is modeled after
nature: manage rainfall at the source using uniformly distributed
decentralized micro-scale controls. LID's goal is to mimic a site's
predevelopment hydrology by using design techniques that
infiltrate, filter, store, evaporate, and detain runoff close to its
source.

LID addresses stormwater management through small, cost-
effective landscape features located at the lot level. These
landscape features, known as Integrated Management Practices
(IMPs), are the building blocks of LID. Almost all components of
the urban environment have the potential to serve as an IMP. This
includes not only open space, but also rooftops, streetscapes,
parking lots, sidewalks, and medians. LID is a versatile approach
that can be applied equally well to new development, urban
retrofits, and redevelopment/ revitalization projects.
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Not an Umbrella - Put a “LID” on it!

« What are LID and GI?

— Low Impact Development (LID) — Green Infrastructure (Gl) -
Innovative Stormwater Management Approach and
Sustainable Design

~ + Basic Principles:

— Manage rainfall at the source (lot level)

— Use small, cost-effective landscape features
— Mimic predevelopment conditions

~ « Environmentally Friendly

— Aims to reduce runoff (and CSOs), improve water quality,
aquatic resources, and natural hydrology

Stormwater Philosophy

Old: Make it go as far New: Slow it down, clean it
away as possible as up, soak it in
fast as possible e

‘ Control peak flows to maintain | ‘
predevelopment conditions Control peak flows and 80%

E — no water quality TSS removal
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MASSACHUSETTS LOW IMPACT DEVELOPMENT tooLkIT

MAPC

Low Impact Site Design

servation.
T S

Subdivision

« Conservation of
natural hydrology, trees,
vegetation

o Stream & wetland
buffers

« Minimize impervious
surfaces

« Stormwater
micromanagement

 Ecological landscaping

Land use planning and
watershed planning

¢ Identify environmentally

sensitive resources:
wetlands, mature trees, slopes,
drainageways, permeable soils,
waterway buffers

e Assess existing hydrology

¢ Define a development
envelope

58

LID PRINCIPLES
1. Use existing natural systems as the
integrating framework for site planning

Trails

Future
Street
R ior

{Woodlands

.
L e
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LID PRINCIPLES
2. Focus on prevention

Minimize clearing and
grading

e Cluster buildings and AL cowsemuamOn
reduce building footprints

e Reduce road widths,
use shared driveways, e \ iZELu,
reduce parking area

e Align roads to minimize

' GRASS CHANNEL
Impact OPEN SECTION ROAD

e Use green rooftops
e Use permeable paving

[—

MASSACHUSETTS LOW IMPACT DEVELOPMENT tooLkIT

3. Treat stormwater close to the source

« Create subwatersheds and
“micromanage” runoff in a
treatment train of small
structures

 Flatten slopes, lengthen
flow paths, maximize
sheet flow

« Maintain natural flow
paths, use open drainage

« Use LID techniques to
manage frequent,
low-intensity storms

B S T i SR R S i
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MASSACHUSETTS LOW IMPACT DEVELOPMENT toOLKIT

LID BENEFITS
Lower Peak Discharge Rates

Reduced Runoff Volume

Rainfall / Runoff LID vs Conventional

'A O Conventional
- (mLID
| |E Rainfall

MASSACHUSETTS LOW IMPACT DEVELOPMENT T1oOLKIT

LID PRINCIPLES

Open drainage systems
and filter strips

Disconnection of roof
runoff

Rain barrels
Street sweeping
Public education

Reduce construction
disturbance

Minimize lawn area
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MASSACHUSETTS LOW IMPACT DEVELOPMENT T1oOLKIT

LID PRINCIPLES

« Use stormwater
management components
that provide filtration,
treatment, and
infi Itratlon

. Provide open space and
wildlife habitat.

« Store water for landscape
use

« Reduce heat island effect
Enhance site aesthetics

MASSACHUSETTS LOW IMPACT DEVELOPMENT T1oOLKIT

LID PRINCIPLES

 Reduce use of pesticides
and fertilizers.

 Use drought-resistant
plants.

, Maintain rain gardens and ."‘ o
bioretention areas. 5

Provide adequate funding
for public works
departments
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Developed Condition, Conventional CN
(Higher Peak, More Volume, and Earlier Peak Time)

Q (Discharge

Existing Condition

1A T (Time)

Developed

— Developed Condition, with Conventional CN
/ and Controls

l Existing Peak Runoff Rate

Addﬁonal Runoff Volume
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Developed- No Controls

Reduced

P Develo%d Condition, with LID- CN
no Controls.

\ —Reduced Runoff Volume

Minimize
Change in
Curve
Number

e Existing

Developed,
LID-CN —
no controls & Reduced

Q R

—_ Developed, LID- CN no controls
same Tc as existing condition.

More Runoff Volume

\ ../-"'— than the existing condition.

A Existing
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Reducing Volume

Provide Retention

storage Retention storage needed to
so that the runoff reduce

volume will be the CN to the existing condition
the same as =A,+ A,

Predevelopment

Provide additional detention
storage to reduce peak discharge
to be equal to that of the existing
condition.

Predevelopment Peak Discharge

Existing

p Four: Detention Storage

VLT

Q4 i
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*Frequent
Smaller Events

*Few Large
Events
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05 1 2
RAINFALL (INCHES)

Rainfall for Faulkner, Maryland 1998

Green Infrastructure / LID
Beneficial Functions

* Reduce flooding
* Improve water quality
* Enhance groundwater recharge

* Reduce stormwater and combined sewer
system expenditure

* Reduce energy use

* Improve air quality

* Enhance aesthetics and property values
* Increase educational opportunities

o
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p;éﬁ"n*\

y

-/.& A ‘ / L4
Green Infrastructure / Low Impact
Development

Practices

Commonly Used LID/GI
Practices

+ Bioretention cells or rain gardens

* Green Roofs

+ Bioboxes or bio-filters

» Sidewalk Storage

* Planter Boxes

+ Vegetated Swales, Buffers, and Strips; Tree Preservation
* RoofLeader or Downspout Disconnection

+ Rain Barrels and Cisterns

* Permeable Pavers

+ Soil Amendments

* Impervious Surface Reduction and Disconnection
+ Pollution Prevention and Good Housekeeping
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LID PRACTICES
Bioretention

Excavation
filled with
engineered
soil mix
Herbaceous
perennials,
shrubs,
trees
Ponded
water
infiltrates
within 72
hours
Overflow
outlet and
optional
underdrain

LID PRACTICES

« Parking lot islands
» Median strips

 Rooftop runoff
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LID PRACTICES

« Urban retrofits
 High-density areas

Roadside swales “country
drainage”

Parking lots

Low-angle slopes only
Opportunity for snow
storage
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LID STRATEGIES

MASSACHUSETTS LOW IMPACT DEVELOPMENT T1oOLKIT

LID STRATEGIES

'« Low-angle vegetated
slopes

« Adjacent to parking lots
and roadways

« Opportunity for snow
storage
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MASSACHUSETTS LOW IMPACT DEVELOPMENT T1oOLKIT

LID STRATEGIES

|

i

LID STRATEGIES

« Runoff stored in void
space; slowly
percolates into the
ground

» Excellent for rooftop
runoff

o Pretreatment is
critical for surface
runoff
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LID PRACTICES

LID STRATEGIES

Downspouts directed |
to tanks or barrels

50 — 50,000 gallons

Excess diverted to
drywell or rain
garden

Landscaping, car
washing, other
nonpotable uses
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MASSACHUSETTS LOW IMPACT DEVELOPMENT T1oOLKIT

LID STRATEGIES

LID STRATEGIES

Rainwater stored in a
lightweight
engineered soll
medium

Hardy, drought-
resistant vegetation

Reduce runoff by 50%

Not for use in
stressed basins
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LID STRATEGIES

)

Hardy, drought-tolerant

herbaceous vegetation
Mulch (during

establishment)

Roof structure

Growth substrate (2-6")
Filter fabric
Drainage layer
Waterproof membrane and root barrier

Green Roof

City Hall Rooftop Garden
(Intensive System)
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Philadelphia Water Department

LID PRACTICES

« "Bioretention in a Box”

« Vegetative uptake of
stormwater pollutants

« Pretreatment for
suspended solids

« Aesthetically pleasing

« Reduction of peak
discharge rate

74



KEABREERRERNEAREENNS

LID PRACTICES

f——  Building

—

Downspout

Gravel/
Splash block

| __—18"Sandy loam topsoil

12"Pea Gravel

|_— (3/8"105/8")

Perforated pipe

Waterproof
| —— building as
needed

Foundation drains
storm system Section Not to Scale as required

Sub-grade or
existing soil
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Fort Wayne’s Green
Infrastructure Initiatives

ACEC Environmental Business Conference 2009

Green Infrostructure
Initiotive

Presentation Overview

@ Urban Stormwater “Issue”

@ Incorporating Low Impact Development (LID) and
Green Infrastructure (GI)

@ Progress on Developing GI use in Fort Wayne
o Fort Wayne’s Rain Garden Program
o GI Stormwater Standards

o Other Fort Wayne GI Initiatives
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Residential Rain Garden Incentive
Program

@ Creation of a rain garden website
and branding

Green Infrastructure
Initiative

@ Development of a How To Manual and training sessions
for homeowners

@ Goal of 1,000 residential RG'’s - Incentive program with
cash reimbursement up to $175 or plant matching

@ 20 demonstration gardens

@ Educational curriculum for local schools

Residential “How-To” Rain Garden Workshops

o City Led Multiple Workshops for Residents on “How-To”
Design your Own Rain Garden

Turn the rainwater runoff in your yard Mree Tou oy nd
into a beautiful rain garden. e ‘75)\

beautiful rain garden.

You may qualify to receive half the
plants you need for your garden
FREE. Visit City Utiities” rain gorden

3 website at www.catchingrainfw.org for details.
E 2 ,

e o < FortWayne

.'o‘

— e e ]
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HE

How To Manual for
City of Fort Wayne

A Rain Garden

Homeowners

50wt

Bullding

0y Rool o #we __, Contributing o=
®= Drainage Drainage Aroa ——  cssnse——
o Atea -

\ FortWayne
S

Total Drainage Area
Tl - oo s B ¢ Rl Dradisge v & Curtden)

Rule of Thumb R Garden Sizing www.catchingrainfw.org

Ran Gt Seo = T

Plants should
be native,
drought-tolerant

0\ grave
e water to rain garden.
Soil amendments allow Locate rain garden
during heavy rains. water to percolate 10 feet from building.
into the ground.
SOURCE: cdpengineers CHRIS WARE jcware®herald-leadeccom
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First Demonstration Rain Garden

@ Planted April 2008 by Girls Scouts and staff

e Fort Wayne’s Sewer Maintenance building

Porous

pavement Tree

conservation

Rain garden

*Rain barrels
*Open drainage ways Amend soil

*Reduced imperviousness
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« green roof, planted roof, vegetated roof,
grassed roof, eco roof, rooftop gardens

- BEYEBEENEIR
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- AR (extensive)E2 @A (intensive)
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M AIEER FAtEY)
BRAREEYEEIR EMIEEZIRE
B ETER FREAIRRE
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Intensive green roof:

o fE B R REY)
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extensive green roof:

REcEEREREY) - BEdRARBEREIS -

EEYHIRIETE

&L 1E R (65.2% of total U.S. electricity
consumption)

mERISHE (30% of total U.S. greenhouse
gas emissions)

EEEY) (136 million tons of construction
and demolition waste in the U.S.)

FA7K (12% of potable water in the U.S))
RIAVRETR (40% of raw materials use

globally)
- Stormwater Management Academy
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« 1980F . "HRBATEIM 1 (bring nature
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stormwater policy

Federal Clean Water Act RMEREERE

Pl

Combined Sewer National Pollutant
Overflow (CSO) Discharge Elimination . "
: ¥ FRFAEEEL
Control Polic System (NPDES e
y psientgNEDES) EmMnE

Municipal separate storm sewer
system (MS4) program

manage stormwater volume

Local stormwater regulations

reduce impervious surfaces

13

4 2 /
Figure 1: A green roof at Evergreen College was built to offset the addition
of new impervious surfaces from new parking spaces.

J Figure 2: Santa Monica offers rebates for water harvesting and reuse to
Figure 2: Decentralized stormwaler ranagerment features, such s this help reduce the amount of polluted urban runoff that reac hes the beach.
biorctention arca in the Villebois project, collect runoff from rooftops, sidc- e
valks, and yards for infiltration into the ground below.
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Aodoratum
1300 -
A.odoratum
i 1000

0 2 4 6 8 10 12 14 16 18 2
Mean height (cm)

0;0 0'2 0,‘4 OiS 018 1.‘0 1’2 1.’4 1.‘6 18
Mean dry root weight (g)
Species with greater height and diameter

The dense root systems of grasses
were associated with less runoff.

tend to retain more water than less
dense systems.

BEVEENS  REEHNS -
PRIKIT B R Y -

Dunnett, et al., (2008)

18

139



KEKEREERERMEAREEHRNS

EYEEHthRAEEE

i - soi surface covered with turfing
—— soil surface covered with trees

soil surface covered with shrubs

e SO1 SUMfACE WithoUt vegetation
cover

Temperature (°C)

——— hard surface

Wong, et al., 2003

4 = JE K S 5%

« #EEIEIK
— SWMM#E ¢
— TR-555t% : CN number, rational equation
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il b RS EE KBS

/\\ —— Rainfall ntensity
250

Average Green Roof
Discharge Rate

% - = = - Average Asphakt Roof
Lt R Runoff

A

209 AM 244 AM 3.18 AM 353 AM
Time

Rate (in./hr)
s g
—f"’"_*

USEPA, 2009

K pES B 3 50 44 F K vl 1 W
2
B =
fw EH
s 20
30
25 60
20
15 40
10 20
5
o Inaasai fifssss 0! . .
12345678 9101112131415161718192021222324 12345678 9101112131415161718192021222324
E) 4 P (hr)
i ~2 A i
&  [6 B TR R A 24 A6 B TR R AR 5 04F
03 -
014 |
= 2 025
,E. 012 + E
E 01 + :g 0.2 +
B 008 L
0.15
006 |
004 017
002 0.05
0 - o i
L2348 6 T 4 MRS AN DD 12345678091011121314151617181920212223
BEfi(hr.) FfH(hr) 22
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EMETHER

2 ;‘ S oy 2

B () | 462 ) | HIESE
2EAR R SWMM 151.2 111.6 26.2
TR-55 124.2 999 19.7
5054 % [SWMM 381.6 331.2 132
TR-55 353.76 324.39 8.3

RERETHER

B —fx 2 TR KRR AR E
(m?/sec) (m3/sec) (%)
2443% |SWMM 0.14 0.11 21.4
TR-55 0.28 0.09 71.4
50F4a% |SWMM 0.28 0.26 i |
TR-55 0.09 0.04 55.5

AR JR/KE R AR

#EEIRKE

— BRIEE—

142

fiz B JRKE KR 77

23

24



KEKEREERERMEAREEHRNS

At %% & AL

BREAMKER | FRABTYHER | ALTR&ER | REER
= I8 & 97464 9849 R 97441 -
Ao @ 200 m? 590 m? 80 m? .
TIEEE 3-15cm 3-15¢cm 3-15cm .
R FRAGE | FRASHEHR ]

A E WA E B AE
FRA
R C%ggil HEASAE BAEE .

25

(A) 1‘5_3% & nPi&kETR

|

O LTE%ETR

DOt HEL#REE

]-E 26
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B R Ty ik

1R A2011 58 27 A K, 3 T SR Em
(&) °
2RAEBHRR FPRALE
3. KEn#73E 8
-BE BRE-SETE B HEBEBER - AR
Mk~ b2 F AT BRIFEYE -
— AISIE/K G 3A B 335 2 0] (3& % XK :H(YSI PRO
Plu » USA)
- AMIEKEIAB 0 R é%‘g*ﬁ & Z BRI
FiE ﬁﬂbﬂki&iii ilgﬂ' \*ﬁ

R HREXERFHE

BRI | AmE | BmiLl | BmRE
(mm) (hr) (mm/hr)
2011.05.02 8 3 2.7
2011.05.13 37 5 7.4
2011.07.03 19 4 4.8
2011.07.13 12 2 6.0
2011.07.15 8 1 8.0
2011.07.17 20 2 10.0
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NI o\ %
B MUK E o5 & R (1/8)
DO mg/L
10.00
9.00 =
8.00 =
7.00
6.00 | =
5.00 |
4.00 1
3.00 = _
2.00
1.00
i mk(EE | BERTR | BREN
s3] 7 o Z IR a EER/N ™ \ T
) | Gesw) | o ORET [ BATR
-DOmg/l MAX| 835 891 9.16 4.96 557
—DO mg/l MIN 557 331 3.26 344 3.95
* DO mg/l 34 6.52 576 6.20 4.10 4.70°
« v i FFr \* %
EIAKAKE 5 & R (2/8)
C-us/cm
400.00
350.00 =
300.00
250.00
200.00 T
150.00 I
100.00 1 -
50.00 1' I
Rl mAK(EEE | BERTR | BREL
513) 7] =] 3%/ E ER/N e \
& Ly
a | Gesen | s | BRET | BUTK
—C-us/em MAX|  70.90 67.10 367.60 184.50 213.20
—C-us/cm MIN 9.90 7.40 80.20 133.30 81.00
*C-us/em F35 | 3563 26.59 267.00 167.30 128.88
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ZIAKKE o5 & (3/8)

pH

12.00

10.00 T

8.00 -

6.00 I Y - - -

4.00

2.00

K K F 2 FERTA

51 7, ] )%
EE- NN EE 35 Ml T
#) (&% 1) 1ERENA | EEBR P A ) 4

—-pHMAX| 738 6.78 10.63 832 9.05
—pH MIN 545 5.64 572 5.85 6.15
* pH 34 6.11 6.28 9.04 7.52 8.02"

B IR AKAKE A7 & R (4/8)

NO;-N mg/L
25.00
20.00
15.00
10.00 T
5.00 l =
b 5] 153&* ?%E‘?EIF B FRER
1 7] ] 2 B LR/ 5 o5
= b =
w) | Gesen | | ERET BLTR
=NO3-N mg/l MAX| 2.85 273 12.90 10.42 23.29
=NO3-N mg/l MIN 0.49 0.25 2.99 2.04 4.67
* NO3-N mg/l 35 1.29 L.13 8.71 6.96 13.54
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ERIKKE 547 & %(5/8)

NH;-N mg/L
1.40
1.20 T
1.00
0.80 T
0.60 — —
0.40 = —
0.20 - 4
i M K(ZE F ?%E‘;" B EEEN
51 7, =5 /% 3 RN
s 5 H MU T
g | Gexsn | g | FRET | BLTE
—NH3-N mg/l MAX|  0.87 0.53 0.52 0.42 125
~NH3-Nmg/IMIN | 0.09 0.09 0.17 0.13 0.43
* NH3-Nmg/l F3 | 037 023 0.38 031 0.75
«< A O\ %
B IRAKIKE 7 & R (6/8)
TP mg/L
0.45
0.40
0.35
0.30
0.25 o
0.20
0.15
0.10 2 +-
e d -_—
g —
' mAKGEES | BERTR | FHEEN
5 & B Ml T
4 | Gesw) | s | FRET | ALK
—TPmg/ MAX|  0.06 0.03 0.06 0.26 0.40
~TP mg/l MIN 0.00 0.00 0.02 0.09 0.08
* TP mg/l F# 0.02 0.01 0.04 0.15 0.20°

147




KEKEREERERMEAREEHRNS

SR o \o
/JIL7J(7J( 8 7 71:}'? o %(7/8)
COD mg/L
300.00 -
250.00 T =
200.00
150.00
100.00
50.00
T o il
000 KGes | AT | BREA
=) 7] =3 2 & LN a N
= 9 B
#) | Gessn | s | FRET | BLIR
—COD mg/l MAX|  50.00 4000 | 26000 | 28500 | 240.00
—CODmg/IMIN | 0.00 20.00 30.00 25.00 125.00
~CODmg/l ¥ | 25.00 31.67 17146 | 17958 | 17025
RE A\
KK 47 & R (8/8)
SS mg/L
450.00
400.00 -
350.00
300.00
250.00
200.00
150.00 -
100.00
50.00
000 FaKies | mERT | BAGA -
19 7, o E & ERIN
s 5B ML T
N e e
—SSmg/ MAX| _ 7.80 10.40 12080 | 410.00 171.50
—SSmgIMIN | 0.00 3.40 4.50 97.60 12.40
~SSmg/l F3 | 248 7.88 80.38 278.23 68.77
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K~ RERTAREKETRE ML

Tk T4 HERTR 7 K SR 7 HETR ¥R 7K $L %R TR
¥4 ETRLM F3E | ARETRILME B TAM
T(C) 29.98 30.13 1% 31.15 4% 3%
DO mg/L 6.60 5.36 -19% 4.78 -28% -11%
C-us/ecm 36.83 24.05 -35% 186.64 407% 676%
pH 6.16 6.37 3% 8.26 34% 30%
NO,-N mg/L 1.14 0.91 -20% 8.53 648% 834%
NH;-N mg/L 0.30 0.23 -22% 0.48 60% 105%
TP 0.03 0.01 -59% 0.13 401% 1132%
COD 25.00 26.67 % 145.06 480% 444%
SS 2.10 7.34 250% 110.50 5162% 1406%

SEL R K BLAR 36 2 TR &9 LEAE=(3% TR- R 7K )/ w3 7K * 100%
FE2: W 2K B 4R 2 TR 64 LU (B =(4R 8 TR-"R /K il 2K *100% 5
3E3ARTE B TAFLAR B TR 69 EL A —(4k B TR-AR 35 B TR)/AR 55 B TH*100%

SUSTAINTE

« SUSTAIN-

System for Urban Stormwater Treatment
and Analysis Integration
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LID/BMPzHE ==

c FAETHEARELFZEAAMK
BMP Toolbox ~ BMPDSS ~ SUSTAIN

o F B BAEE #Tetra Tech. k5 3) 615 % » AN IES
BT RPHEMERITA

BMPToolBox BMPDSS SUSTAIN
(2005) : (2007) :: (2009)
BB B1EBMPER MABMPEEECE IEN AR -
il BERNES B A ME D BMPEIERER L4

* BMP ToolBox
— TR LB AT ~ 2 $1BMPs (R

LID) 3% & ff 2K ft R i feh E
Mt - m =
Y
_ e L
~ WARFARDL M - FABMPsiE

a

#ot RIS R ABBMPs3AE A,
Mo MAARR B E S EZFFELE -

\!l

EED

BMP ToolBox 4 X 3/ /- &

40

150



KEKEREERERMEAREEHRNS

« BMPDSS - ‘.
- URELENASL (GIS) 44 e wamsow ﬁ

BMP# ## @ » N7 St g

+ Define Model Input Parameters
+Landuse Time Series Assignment

4t (optimization) -

+ Select BMP Types
+ Select BMP Locations
+ Drainage Arez Compuration

— &% ArcView 9.x (ArcMap) % ] 5
M ARG -

s G (EMPUpgd/{} - = i
Ct+ (BMPOREA) ) VBA (Spreadshest) |

BMPDSS B B {E 12

41

* SUSTAIN

- R4S HEBMPs#ILID2 Be EBEFER T L RSB AE A6
ERE REZRAFEEmH

Foasible Option Matrh

L
[ o3 e o s ok i o0

Bk 3 QD K | memmrar |
dars ot

SUSTAIN # R 3215 42 SUSTAIN # X315 @
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SUSTAIN ff& FH <R 12}

« FHEEELID/BMPHE ELUEERIERE BAZMU

TMDL)

s EIRAERERAUENEE - WMBEimEME
EE*-I-E

- StE SRETICATIRIEE RIS

. %ﬁiUE‘-E\-}ﬂZZISE MR IR S LUR/ D ERE -
EEaiM &4 ;naibu(CSO)P‘"ﬁ?u/;l

/

43

SUSTAINFERIR E

Scale in Watershed Planning Uses of SUSTAIN
* Tiered watershed approach
i ~100 * Subdivide into relevant management
Regional an i zones
2 * Pilot studies on selected watersheds
e + Tiered and aggregate watershed

10-100 approach
Large watershed plan e +  Detailed modeling of selected high
¥_/ priority watersheds

* Tiered and aggregate BMP
shed 1 10 sqQ. approach usad for initial planning
Midsize water plan * Detailed modeling on all or some
watersheds

1 * Detailed modeling and optimization

Site scale (i_ny of management practices

Figure 1-4. SUSTAIN s multiple scales of application.
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1458

SUSTAINfa T E 4R

Table 1-1. Management
Practices Supported by
SUSTAIN

Management Practice

Bioretention
Cistern BMP Option BMP Type
Constructed Wetland Bioretention Poin: LID
Dry Pond Cistern Pou LID
Constructed Wetland Poia: BM?
i Dry Pond Poia: BMP
Green Roof Grassed Swale Lincar BM?
Infiltration Basin Green Roof Area BMP
Infiltration Trench Infiliration Basit: Poin: BM?
Postins Pacesaient Infilration Trench Lincar BM?
o Parous Pevement Area BMP
Rain Barrel Ramn Berrel Poia: LID
Sand Filter (non-surface) Sand Filter (non-surface) | Lincar BMP
Sand Filter (surface) Sand Filter (surfacs) Poin: BMP
Vegetated Filterstrip Vegetated Filterstrip Linzar BM?
Wet Pond Wet Pond Poin: BM? 45

SUSTAINER R 1E

Define application objectives:
- What questions need to be answered?

Data Collection & Analysis
Study area review

Watershed and BMP information/data
Compile monitoring data (calibration/validation)

« GIS data: land use, stream, DEM, BMP sites, etc.

Project Setup

» Land/Watershed Representation
+ Routing network
« Assessment point(s)

+ BMP representation: placement, configuration, and cost

Test system application (externally calibrated model)
« Calibrate/validate model (internal model)

Put Optimization Processor to Work

+ Select decision variables (BMP dimensions)

« Select assessment points (BMP/Outlet locations)

» Select evaluation factors, control targets (end points)

« Optimum BMP® dimensions
» Alternate solutions

Results Analysis and Representation (Post-Processor)
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SUSTAIN7= #¢ 1% #H

— Btz R4

- EKE/THFEREH: /% - K~ K&

- BEIEMA KX~ JUEY) - S5RY)
(HSPF/LSPC RCHRES and SWMM
Transport compartment)

- BMP#E7H: BMPaE&HfEAELR ~ A/]\ ~ B

47

FEEA : &ECEA

Scatter Search NSGAIl (Non-dominated
Sorting Genetic Algorithm 1)

Figure 3-19. Comparison of Scatter Search and NSGA II optimization techniques.
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Mitsch & Jorgensen % #% :} 19 38 4 i ;E: R 9B RGN T RS
PR R A AERY BRAFF IR R (Féi;‘,%c ¥; 3% > 2005: 93)
Lewis et al. #i& ¢ 15 37 ;& ’a‘é}ﬁzﬂh‘ s dp D ERBfrE R R R
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AP REL O RBEE PR EL 0 EARNE 2 AEIE
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('social-economic-natural complex ecosystem, SENCE ) - SENCE m—ﬁ;&’ﬁ = K B
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;%hgta; LA e A 0 ;I}{r 4 i s#, (eco-base) ; % = & &£t %

BAY AR P s T2, (eco-pool) - & iEHE BB L AE
mjw/fﬂ S T RS R A Jﬂﬁ(iiﬁ*ﬁ‘fﬁ' A7)~ A (1R < E
SBECET) R M (AR A BE) P L SR T (R
2005: 289-293)

AL kR ¢ e p MR F (2005:292)
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