Green Infrastructure Webcast Series

Retrofits: Green Streets
Operation and Maintenance




Guide to Our Webcasts

For Technical Support click the “Help” button

To Ask a Question - Type your question in the text box located in
the lower left-hand corner of your screen and click on the “Submit
Question” button

To Answer a Poll Question — Click on the radio button to the left
of your choice and click submit. Do not type your answer in the
“Ask a Question” box

To See Closed Captioning — Turn your pop-up blocker off and
click on the “closed captioning” button

To Complete the Survey — Click on the “Enlarge Slides” button
and answer the questions in the slide window

To Obtain a Certificate — Watch 1 hour and 30 minutes of the
webcast and then click “Download Certificate.” If you are in a
room with multiple attendees please wait until the last slide to
obtain the URL to customize your own certificates




Green Infrastructure Website
www.epa.gov/greeninfrastructure
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" Green Infrastructure Webcast Series

Archived webcasts on the following topics:
» Benefits of Green Infrastructure
* Municipal Case Study: Philadelphia
* Revising Local Plans, Codes and Ordinances
« Water Harvesting
Models & Calculators
Municipal Case Study: Louisville
Site Planning & Design Considerations
Costs and WERF Cost Tool
Funding and Incentives
Brownfield Redevelopment

Additional webcasts coming late Fall — Stay tuned!




Green Highways
i and Green Streets:
Green Infrastructure

Presented by:

The Low Impact Development Center, Inc.

A non-profit water resources and sustainable design organization
www.lowimpactdevelopment.org




Presentation

= Background on Green Highways and
Green Streets

= Research
* Implementation
= Case Studies




Green Infrastructure

“Green infrastructure is an interconnected
network of green space that conserves
natural ecosystem values and functions and
provides associated benefits to human
populations. As a stormwater treatment
approach, Green infrastructure uses natural
and engineered systems to cleanse water
and reduce excess volumes by filtering and
treating it using plants, soils, and microbes. *

“« Copyright 2009 Low Impact Development Center, Inc.




What makes a highway
or a street green?
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Navy, Army, and DOD have
numerous LID and Green
Infrastructure projects in the
Chesapeake Bay Region
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Pervious Concrete

Park & Ride Parking Lot (4 acres)
d




Nitrogen Neutral |
Parking Lot | smsatEy

Reduce Runoff Volume
Groundwater Recharge
Feduce Nitrogen Loading
Reduction of Heat
Island Effect
Groundwater Recharge
Reduce Lighting

and Electrical
Requirements

Create a Greener
Community

Permeable
Pavers

Porous
Concrete

Bioretention =
Cell e S e Underdrain

Nitrogen
Treatment Zone

et @ Sunuare N
ﬂ’ Q o~ A,/ Nitrogen

Infiltration

Sl v Crrde b

Treatment Zone

@Copyright 2009 Low Impact Development Center, Inc.




ﬂCopyright 2009 Low Impact Development Center, Inc.




9 convrignt 2009 Low impact peveopment center, ne. -~ Ready Mix Concrete Research & Education Foundation




Copyright 2009 Low Impact Development Center, Inc. E PA H ead q u arte rS




wning retrofit cools sidewalk, directs water fo

: g ermmeable pavement
Extensive Green Roof retrofit P P

Disconnected downspout into Parmeable pavers in crosswalks

infiltration planter
Intensive Greenroof retrofit
N
Guttars directed into bioratention

Pervious pavement medag along the gutter route

in driving lanes with
storage under pavement

Pervious pavement ar
pavers in parking lane;
pavemenl width may be
reduced

Streat tree in

Infiftration trench

2.5 ft. deep with — ™ ¢—ad

4" underdrain o -
tied into stormsewer  tilities in center lane —{"

BRI ey el e i Bioretention media for

planting mix
Curbs with curbouts directed to
street planters  (Planter width varies;
3" minimum)

Decentralized Stormwater Controls in Urban Retrofit Streetscape

WERF Decentralized Controls for Urban Retrofit
Copyright 2009 Low Impact Development Center, Inc. Phases I , | I and I ”
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WERF Decentralized Controls for Urban Retrofit
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Decentralized controls integrated
into urban infrastructure

BMP Infiltration  ET*  Interception Conveyance Detention Retention Reuse*
Downspout Disconnection O
Filter Strips

O O
Infiltration Practices O
Pocket Wetlands
Porous Pavement
Rain Barrels/Cisterns
Rain Gardens

Soil Amendments
Tree Box Filters
Vegetated Roofs
Vegetated Swales

* Evapotranspiration
* Collected water can be used for landscaping, non-potable building uses (e.g., toilets), or as raw water to be treated for
drinking.

Key: @ High reliance ® Medium reliance OLow reliance Blank: N/A

Rankings are qualitative. “High reliance” means that the process is integral to the BMP’s ability to meet stormwater management
objectives, and that the BMP uses the process to its full potential in the urban environment. “Medium reliance” was assigned
when a process is a secondary component of the BMP's operation, or when the BMP does not use the process to its full

potential. “Low reliance” means that the process only marginally contributes to the BMP’s ability to meet stormwater
management objectives. The rationale for ranking hydrologic cycle elements is given in Section 2.3.2.
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WERF Decentralized Controls for Urban Retrofit
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Integration into the linear
environment

= Pilots and research
= Road codes, standards, detalls
* Environmental Management Systems
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Compost
amendments and
filter soxx
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B | Pretreatment
Grass Swale

Pretreatment Check Dams

Courtesy AP
Davis
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Flows 11/16/05 Storm Event
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Urban retrofit and reconstruction

2
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NCHRP

REPORT 565

Evaluation of Best Management
Practices for Highway
Rumoff Control

-

NCHRP 25-31

Guidelines for Evaluating and
Selecting Modifications to
I Existing Roadway Drainage
Infrastructure to Improve Water
Quality in Ultra-Urban Areas

Geosyntec, Oregon State University, Venner Consulting,
Wright Water Engineers
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Constructability
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“Mt. Ranier Project by
MDOT, UMCP, and
LIDC selected as one
of years 10 best
water quality projects
by the Sierra Club”
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Permeable Block
Pavers

Drainage h(0)

Permeable Friction
Course

diviy
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Alternative
Materials
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8th Street — Barracks Row

The streetscape design features environmental
Innovations including a continuous five-foot-wide
strip along the curb to collect most of the surface
runoff from the wide sidewalks and a continuous
root zone to help promote the growth of new
street trees.

Lily Turf planting beds visually break up wide
sidewalks, with bluestone paved areas allowing
pedestrian crossing onto new brick sidewalks.

Additional street trees and pedestrian scale
Washington globe lights, new bicycle racks,
trash receptacles, and cobblestone alleys
enhance the historic commercial environment.

GCopyright 2009 Low Impact Development Center, Inc. Courtesy Of Lee + Papa and ASSOCiateS
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Erosion and Sediment
Control and Site
Restoration
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Procurement and Inspection

nCopyright 2009 Low Impact Development Center, Inc.
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System integration, consistency and sustainability
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The Green Highways Partnership (GHP) is
a voluntary, public/private initiative that

IS revolutionizing transportation
Infrastructure. Through integrated

planning, regulatory flexibility, and market-
based rewards, GHP seeks to incorporate
environmental streamlining and
stewardship into all aspects of the highway
lifecycle.
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MAMAGING
WET WEATHER WITH
GREEM IMFRASTRUCTURE

MuriCiPaL GUIDEBOOK
2008



Green Highways
Partnership
Theme Teams
*\Watershed driven

stormwater
management

*Recyclables and reuse

eConservation
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Provides net increase in environmental
functions and values of the watershed

Goes beyond minimum standards set forth
by environmental laws and regulations

Identifies and protects important historical
and cultural landmarks

Maps all resources in the area in order to
identify, avoid, and protect critical
resource areas

Uses innovative, natural methods to
reduce imperviousness, and cleanse all
runoff within the project area

Maximizes use of existing transportation
infrastructure, provides multi-modal
transportation opportunities, and promotes
ride-sharing / public transportation

Uses recycled materials to eliminate waste
and reduce the energy required to build
the highway

Green Highway “Characteristics”

Links regional transportation plans with
local land use through partnerships

Controls populations of invasive
species, and promotes the growth of
native species

Incorporates post project monitoring to
ensure environmental results

Protects the hydrology of wetlands and
streams channels through restoration of
natural drainage paths

Results in a suite of targeted
environmental outcomes based upon
local environmental needs

Reduces disruptions to ecological
processes by promoting wildlife
corridors and passages in areas
identified through wildlife conservation
plans

Encourages smart growth by integrating
and guiding future growth and capacity
building with ecological constraints
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Stormwater solutions which support sustainable urban design :
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MNannie Helen Burroughs Ave. i a neighborhood street with “green” practices that builds on its history and
park-like context with great access to Watts Branch trail and the Kenilworth Aguatic gardens.

The Low irmpact Bewelopmont Center
weaw haaimpachiesalapment.ong
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Far additional information, plesse contact:
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EPA/FHWA Grant




Newsflash!!!

LIDC and EPA Region 3 establish Green
Highways Partnership Training and
Development Center (GHPTADC). First
ASCE Webinar Fall 2009. Training and
Certificate program begins 2010.

*ASCE First National Conference on
Green Highways and Green Streets
Denver 2010

«Special Sessions at the Low Impact
Development Conference Spring 2010

*GHP Digest

Grasn Highways. Roads. infraatruciune

nCopyright 2009 Low Impact Development Center, Inc.
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SIDEWALK PAVING

FLUSH GRANITE EDRDER,
W/ TREE PIT FENCE’

DRAIN PIPE CONNECTED
TO STORM DRAIN

ECOpyright 2009 Low Impact Development Center, Inc.
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Courtesy of Lee + Papa and Associates
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Courtesy of Philadelphia Water
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Philadelphia Demonstration Projects

BMPs:
Disconnected Inlets, Pervious Pavers, Subsurface Infiltration

nCopyright 2009 Low Impact Development Center, Inc.
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PlaNYC

eTargeted
e[ncremental
*Predictable

Comprehensive

«Cross-cutting

Additional retrofit programs may be required to lower the overall
impermeability of the right of way. The Greenstreets program of
small plantings in the right of way is one of our most successful
retrofit programs. PlaNYC has already committed the funding
and planning for 80 new Greenstreets every year for the next
decade, with the goal of bringing the total number to 3,000 by
2017. The Parks Department is experimenting with new design
standards that would allow for more storage of street runoff. We
have evaluated the impacts of a strategy of expanding the
Greenstreet program, either by doubling the number built every
year, or extending the commitment from 2018 to 2030, an
additional 12 years.

the City could use this strategy to target intersections prone
to nuisance flooding or sub-watersheds with specific CSO
problems. Greenstreets are also desirable for other, non-
stormwater reasons. They provide community amenities and a
positive impact on real estate values, quality of life, and cooling.
And their highly-visible presence in the right of way, adjacent in
many cases to pedestrian areas, means that Greenstreets
installations could provide a unique opportunity for public

] Copyright 2000 Low Impact Development center, igUtreach and education about stormwater impacts and controls.




Chesapeake Bay Trust
Urban Greening Grant
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Edmonston, MD
A Great Green Town

...what could be

o - e

Green Streets DT (X T .
by the Green AT ._ - . Communlty

Highways revitalization
Partnership

- i - through the use

of low impact
development,
attraction of
green
businesses, and
attention to
health by
encouraging
biking and
walking.
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American Recovery and Reinvestment Act

From Main Streets to Green $treets!: Collaboration for Prosperity and Sustainability

A Model for Sustainable, Green Land Use Planning for Low Income Communities located in
the
atershed of the Chesapeake Bay

Anacostia River W

Green Streets
by the Green Highways
Partnership

=

Low Impact Development Center,
Inc

Green Highways
Partnership

Greening
Tools...

=~
f

Solar trash Energy-efficient
compactor; light fixtures;

Program Banner
information on standards on

trash can
Source: LID

=2
Copyright 2009 Low Impact Development Center, Inc.

Planning for
environmentally
sustainable growth
in the Anacostia
Watershed

“From Main Streets to Green PAQli[e]EA=To NI fo] (=T ML= [T T 6K
$treets!”
Social Benefits:

Using Green Highways and * Reduction in urban heat

Green Infrastructure to island effect

revitalize our communities: » Provides “Green Job”

Green Stimulus Plan for the opportunities

Town of Edmonston, Maryland E=e[¥[e=1i{e]aE1RigI(el0 o] BSYig=1e1E
kiosks

What makes this a "Green e Crime reduction benefit

= il Street"? » Health benefit

e A Top (tree canopy) to bottom J=efe]aYe]aalleM=1-Tal=NNER
(water quality) plan  Energy cost reduction and
water conservation

» “Green Enterprise” business
opportunities

Native tree canopy

Street lighting with clean

ener . .
9 Environmental Benefits:

Walking, running, and biking  [IRRSEUIEEE VESE )

e Improved water quality
through 90% capture of
stormwater

S_torrr_1water bioretention and  Carbon footprint reduction

filtration « Recycling and beneficial

reuse

Recycled materials

Open process and public
engagement

Education and replication




: T
Managing Wet Weather with
Green Infrastructure

Green Jobs
Training

EPA Region 3 and Headquarters creates

partnerships with federal, state, local, and local - -
A Catalog of Training Opportunities for

governments that leverage resources for Green Infrastructure Technologies

economic revitalization and environmental

restoration.

BCOpyright 2009 Low Impact Development Center, Inc.




Just a few resources...

http://lowimpactdevelopment.org/green_highways.htm
http://greenhighways.org
http://trb.org/CRP/About/Div.asp

http://asce.org
http://cfpub.epa.gov/npdes/home.cfm?program_id=298
http://www.icip.org

http://www.rmc-foundation.org/
http://www.fhwa.dot.gov/
http://www.washingtonpost.com/wp-
dyn/content/article/2009/07/22/AR2009072203470.htm|

“« Copyright 2009 Low Impact Development Center, Inc.




Green Highways and Green Streets
let you...

Develop integrated watershed planning
approaches

Leverage resources

Integration green elements into
Infrastructure

Create partnerships and cross-cutting
programs

Create Context Sensitive Solutions




Seattle Public.Utilitres
GreensStommwWealer s
Infrastructure:
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@) Public
Utilities




Presentation Outline

T

usmrmwaﬁers——- %
Jnr astructure (GSI)
Hue li2i OVenrview

N' lilfDrainage
SYSUEmS partnering
-ﬂv it Residents

---Natural Drainage

_._—--l

= Systems O&M package
& O&M reguirements for
Code compliance

O&M reguirements for
residents receiving
Incentives
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g Drainage System Types
— in Seattle

Parthally Separated System
'L'--|-.1|.-|I|11 Sy abrem

Combined Syvstem




qm

[ ocations of GSI..

-

R Erofits by Seattle Public "

u lies) (aka Natural
iDiainage systems)

| __rf Stermwater Code
= Compliance

. Prnvate Parcels

— Stormwater Code
Compliance

— Seattle funded Incentives
(Residential Rainwise)




ialnage Systems

T i
E

"ll;.;-_n —. ”__.' :

SEA Streets - Afler Construction
2mad Ave MW - NW 117th St to NW 120th 5t
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NPSHViaintenance BysResidents™

IS Concept

= Grand Visions
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oméowners [andscape
Malntenance I\/Ianual

> Dis rlbuted 10
IEIEGWRETS, living
Practically Easy
ZEjEcEent: to M shiarice

A Care Manual

yste m S for Natural Drainage Systems

Fal 2006
Second Fotien

--'_
— o
-—-'
_-—'

— I'dentlfles
responsipilities of
the City and the
nomeowner

- :




Parties.and Toursps







Splvlaintenance: Lessons learmes

'I-- ——

Horfaowsie;
frofie Ward is
JOOG ndicator of

el dening level
;,-,;:c:ﬁ Finterest.

(Plant palette
should be
adjusted
accordingly!)
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Lessons, tearnea
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-
qu)
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el




NIDSHViaintenance: LLessenspearned™

e —

Clear with your messagmg from
tart

g _;-What are the city’s responsibilities?

c—
~ —
-_._-— -

« What is the homeowner expected to
do?

[==_ =
==




- -‘F.

m—

- a_- city will maintain the
unctional elements of the
atural drainage system,

= kwhether the swale Is an
eyesore or an amenity is up
to you”

e
—‘d‘l-—-
-—-'.. —

g
___—-




Stpal Dramage Systems (INDs)=
QO atlons and Mamtenance

A e o PO e

. N___ @&V Viaintenance Package
[NDS Mamtenance Manual for ROW
11, O&I\/I Eacility: Checklists

II Key'Performance Indicators
-i- = V. 0&M Estimating Database Tool

~ & |essons Learned




.
wI\Ds; Maintenance Vianielss

BN=Giefacilitiesiin the Right=of-Way
— Blofaicyiiog ; _
— Jlr |Itrat|on
_ Sfmeable Pavements

- ) Routine and Non-routine maintenance
;*-* CtIVItIeS Pased on Level-of-Service set for the
—  (@iven system

- s Used in combination with Inspection/checklist

e Used to guide scheduling of maintenance
activities

T — e —




e
gintenance Vianualz s

eetation and LLandscaping
S—ystem =unctionality
sl Sardscape and Infra-Structure
e ﬂ-_.'. Infiltration Failure — Swale Ponding

. Recommended Maintenance for Other
Elements

. Safety, Mobility, and Accessibility




.

| OSD
— Poor effort
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RSB B therdesirediSEicelkeyvel for maintenance

Table lll. Hardscape Manual
Service Category

12
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8 Y

|] I'IIIllI

Service Category| Service Level A Service Level B Service Level C Service Level D
(Excellent Effort) {Good Effort) (Moderate Effort) {Poor Effort)
= No erosion, channalizstion or « Some erosion, channelization or * The presence of long-term ponding SCOUTING
scouring BCOLINgG {= 72 hours) * The presence of long-term
= Water drains within 24 hours = Most water drains within 24 hours, * Many bare apols ponding (> T2 hours)
* Minimal bare spota * Significant bulld up of sedimentor | * Many bare spols or noxious
» Acceptable level of sediment or dabiris weedsigrass
debris accumulation
Ewale bottom
wapetaton
Sediment or debris
anoumulation
Conveyance * Some vegetation * [Poor or no vegetation

10




R
IBVEGETation and Landscape, =

VIEiRtenance

E s e

—

=RCIIPIE=
VEIRoTiSernvice B:

SNEEretention swales are

= S=\aintenance for
functionality. after

establishnment period

Level of Service B — Good Effort
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IBVEGEIation and Landscape,

—

VidIRtEnance

Exam ples LLevell of Senvice
SACHIECKIIST Icludes:
/a‘e‘ atiation is mostly healthy

=

' Dd appearance

_ﬂ_._—-

_f-°"SmaII guantities of weeds
s Edges are loosely defined

e Grass encroaching on the
swale (or vice versa)

Levels of Service B - Good




-Vegéfaﬂtien and Landscape
Vigigienances Noxious ands=

I\JIJB" NCEVVEELHS

S —

Spoz‘ted Knapweea

_:'al considerations
fieed 1o eridentified

ERPrevide link to
_-qiunsdlctlon S web site

— = Photos
& |dentification key
s Reporting
requirements — /f
applicable




Cof e, ample LOS C for

Sjefiltration

, -40% 10 60% bottom
- covered with healthy
\Vegetation

s Uniformed fine-
stemmed at least 18
to 24 inches high




- SYSLEM Funchionalityssss

For‘e)g ple LOS € for
entlon
rvra of vehicle
NPaction

*é' any pare spots

_‘._**tS” gnificant level of
= Sediment and debris
daccumulation

_—-I_

- i




dScaperandinfra=sStructure™
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S-rleifelsezlofe and Infra-Structuie s

Lon

T — e

2 1=0r | fecycle costing Withr bloretention, We
,m Imerevery fifteen years, remove and
iEplace top two inches of soil and replant

--__-.;*- irestore infiltration function

—,_.—-"_J-..p--r
=




: jﬁ
deliiilitration Failure

EVIeEnce eff a cell helding water for more
'rnrr 24 [eurs needs to be reported to
Oc Srations and Maintenance Asset
= anager

—,_.—-"_J-..p-' B
==

-'-_ =S \lonitor swale for ponding water

—® Retrofit swale If standing water greater
than 72-hours




M
9~F _: Mmmended I\/Ialntenance for

Elements

P 3 colife)

Solll preventlon
rlffe Fesponse
SSofety
== "%Moblhty

_____--

= S Agcessibility

% Permeable
pavements
® |rrigation
systems




aty, mobility; aceessibility™
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VERUEINS aWoerking Bectment™"

> Wor; -Work Woerk withr field crews
UPEEtEeTphotes to contlnue reflnmg
c Cument

Document
“lessons learned

:
gape—
-.—-'

_-—'
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Naiural Drainage Systems (INDS)i
BIETALIONS and Vaintenance

E

SENDEIO& Maintenance Package
NSV aintenance Manual for ROW
1L O8N Facility Checklists

=1 II Key: Performance Indicators

= |\/.0&M Estimating Database Tool
~ s Jessons Learned




PROEINV Facility. Checkdists

-
L

)

"nual

Aw WA SR W TITS ST W T30 S
Avé N, Palare A T Ao N, 2™ Ais N TR W TTDT S50 W TOT T

performance




"ﬁ"-—ﬂm.__ -
RSEY. PErformance Inaicators
USEIES) |

-~ Dete rmlne LOS achieved
ua Wales

_V|des an overall
feportlng score for high
4eve| management

~ & [ndicators help identify
— successes
— areas of Improvement

— faillures for each
system




e ,
cgetation Estimated O&IVIREOsts™

. | “Annual
r— LOS B — 47 290"'SQ" FT ST

Emal 3 year Landscape Establishment
%ssumlng 0% community participation $65,221

- Established (starting year 4)

0% community participation $28,615
25% community participation $21,461
50% community participation $14,308
75% community participation $7,154
90% community participation $2,862

Soil Replacement (every 15yrs) $23,527
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Lessons,. [learmes
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VV:'.E COSLS can
HEEase plant
:_;rs‘*‘ ablishment

-‘"

~Gosts by 100-

e

400%

SHVieintenance:

Lessons _earned
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gnwaterCodeCompliance

—

N IOpesed 2009
Stemwater Code

-U|res GSI] to MEF

CONC CURE—.,

*— EIDRETENTION S0 LAKDECARE WIN

¢ [EFTH OVER 4" REQUIRE GUARD HeL.

ork Il right-of-way and
on parcels

BOTTOW SeAE BL—
h— RIORETENTION SO0, LAKDSCAPE WIX
Mﬂ— + DEFTH OVER 4 RECURE GUARD RAL

w1 WA WHEN WITHIM SO—FEET
Freoa WTERSECTIONS




OB forstormwater Code
pllance -

- DEiine Grieen| Stormwater
iiEstructure Minimum
PrlViNrequirements




code ‘Compliancefor facilitiesiin.
RIght=oi=Way/

R C]LH e Construction P

Frguenmaan

08 Operstion anid Mainienance Bequisssents for NOS Starments Facilfies

Irg Iatlon checklist L e
JU Ed By GSI designer

ri; glie applicants to

TﬁVIde a 2-year
warranty period. (same
as Portland)

http://www.seattle.gov/dpd/Planning/Stormwater_Gra
ding_and Drainage Code_ Revisions/Overview/




High Point Community
Right of Way and Open Space Landscape Maintenance Guidefines

o BESIGN COMPENY




: S
PEdVirequirements for r_ecelvmg___

=nC|aI mcentlves

- _idence In target
gzlsile
RSigned Homeowner

-J-;zag reement

it —
m— ——
2 e

 —

= s ust agree to care
— for facility for 5
Vears




www.seattle.gov/util/naturalsystems




S
tiCipation Certificate =

“If you would like to obtain
* participation certificates for multiple
= attendees, click the link below
= & You can type each of the attendees
- names in and print the certificates

e
- -

http://www.epa.gov/npdes/webcasts/
certificate/qgi_retrofit_o&m.pdf



http://www.epa.gov/npdes/webcasts/certificate/gi_retrofit_o&m.pdf

