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What is Green Infrastructure? L

e Green infrastructure uses vegetation, soils, and natural
processes to manage water and create healthier urban
environments.

e At the scale of a city or county, green infrastructure refers
to the patchwork of natural areas that provides habitat,
flood protection, cleaner air, and cleaner water.

* At the scale of a neighborhood or site, green
infrastructure refers to stormwater management systems
that mimic nature by soaking up and storing water.

Source: http://water.epa.gov/infrastructure/greeninfrastructure/gi_what.cfm



In Other Words.“ Tt | TETRA TECH
_How do we make this...
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function more like this?




Green Infrastructure includes
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many different types of practices

Green Roofs Permeable

Pavements

Rain Barrels Green Space
and Cisterns



Related Strategies Tt | TETRA TECH

e Smart Growth - Development that attempts to curb
urban sprawl and worsening environmental
conditions.

e [ ow Impact Development (LID) - Approach that
manages rainfall at the source using uniformly
distributed decentralized micro-scale controls

* Green Streets - Integrating green techniques into
urban transportation right-of-ways
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Green Infrastructure

The Past
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First Use of “Green Infrastructure” T

e 1994 Report to Florida’s Governor

= The Commission’s recommendations
constitute a balanced approach to
conserving our state’s natural,
recreational, and cultural/historic
resources through the creation of a
statewide system of greenways. This e A
approach links conservationists, CrarTid 5 Statbwide
recreationists, and businesses in their R
communities to protect Florida’s
“green infrastructure” for the state’s e
sustainable future.

For People ... for Wildlife ... for Florida

WEF. 2014. Green Infrastructure Implementation

http://www.dep.state.fl.us/gwt/fgts plan/PDF/1994FloridaGreenwaysCommissionPlan.pdf




G ree nways Tt | TETRA TECH

 Greenway - a corridor of protected open space that is
managed for conservation and/or recreation

1991 - Maryland Greenway Commission established

1993 - Florida Greenways Commission created

Mid-1990’s - Maryland’s Green Infrastructure Assessment
program to map and prioritize ecological land

Programs largely focused on land conservation and linking
green spaces for habitat and biodiversity

= Water quality was not a focus



Low Impact Development
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* 1990 - Prince George’s County, Maryland pioneered concept of

low impact development

e 1999 - LID Manuals published

Key concepts:

Using hydrology as the
integrating framework
Thinking
micromanagement
Controlling stormwater at
the source
Remembering simple
technologies

Creating a Multifunctional
Landscape and
Infrastructure
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Linking Greenways and Low Impact
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Development

Low Impact
Development

Green Infrastructure



2006 NRDC Rooftop to Rivers Report | TETRA TECH

* Primary authors later joined EPA to
lead the green infrastructure
program

e Report strongly pushed
implementation of green
infrastructure by cities

* Documented water quality and
economic benefits

e Case studies

1



EPA Memos/Strategy on Green
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Infrastructure

 March 2007 - Memo on Using Green Infrastructure to
Protect Water Quality in Stormwater, CSO, Nonpoint Source
and other Water Programs

e April 2007 - EPA Green Infrastructure Statement of Intent

= Signhed by EPA and NACWA, NRDC, LID Center, and
ASIWPCA

= Recognhized value of and need to develop strategies to
promote Green Infrastructure

e August 2007 - Memo on Use of Green Infrastructure in
NPDES Permits and Enforcement

e July 2014 - Federal Agency Support for Green Infrastructure
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2013 Green Infrastructure Strategic

Agenda

Five Focus Areas:
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Energy Independence and
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Security Act of 2007 (EISA Sec. 438)

Sec. 438. Storm Water Runoff Requirements for
Federal Development Projects

* Development or redevelopment project involving a
Federal facility with a footprint that exceeds
5,000 square feet

* Two options:

* Option 1: Retain on-site the 95t percentile
rainfall event

e Option 2: Conduct an equivalent analysis of
predevelopment hydrology



NRC 2009 Study on Urban Stormwater [t et

e EPA commissioned NRC to:

*Review its current sy
permitting program for O
stormwater discharge under g _..,.. T

the CWA

= Provide suggestions for
Improvement




2009 NRC Study Findings Tt | TETRA TECH

* Current stormwater regulations largely ignore
the volume of stormwater discharges

e Use measures that harvest, infiltrate, and
evapotranspirate stormwater

e Use flow and impervious cover as proxies for
stormwater pollutant loading.

* Move to a watershed-based permitting system



EPA’s Stormwater Rulemaking (2009-2013) BELI kit

e Large focus was on developing a national retention
standard that would be applied through MS4
and/or construction NPDES permits

e Also looked at expanding MS4 permit coverage,
retrofits, and modifying industrial stormwater
program

e EPA is currently “deferring action on rulemaking”
* A rule was never proposed

* EPA now working to improve individual state
stormwater permits and programs



Green Infrastructure

The Present



EPA moving toward specific, measurable
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MS4 permits

 Washington, DC 2011 MS4 permit
= On-site retention of 1.2 inch storm

= Retrofit 18 million square feet of impervious surfaces
during permit term

= New annual tree planting rate of 4,150 plantings
annually within the District MS4 area (to achieve urban
tree canopy coverage of 40% by 2035).

e Middle Rio Grande 2014 MS4 permit (Albuguerque, NM)

= On-site retention of 90th percentile storm for new
development sites

= On-site retention of 80th percentile storm for
redevelopment sites



Examples of specific, measurable small
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MS4 general permits from States
e Ohio small MS4 General Permit:

= Public education program shall target at least five different
stormwater themes or messages and shall reach at least 50
percent of your population over the permit term.

e Maine small MS4 General Permit:

= |nspect construction activity at least three times with one
inspection just prior to or within 24 hours of a rain event
greater than 0.2 inches, and one inspection at project
completion.

e Tennessee small MS4 General Permit

= Must infiltrate, evapotranspire, harvest and/or use, at a
minimum, the first inch of every runoff event... this first inch
of runoff must be 100% managed with no stormwater runoff
being discharged to surface waters.
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EPA Guidance to State MS4 Permit Writers | TETRATECH

Municipal Separate Storm Sewer System Permits

Post-Construction Performance Standards
& Water Quality-Based Reqmrements

A Compendium of Permitting Approaches

EPA 833-R-14-003
June 2014

SEPA
s
U.S. Environmental Protection Agency

Office of Water
Water Permits Division

|
Cover image credits: top fight, and middie left photos by Nancy Arazan/EPA; middie right phata by Abby Hall/EPA; bottom left photo by Eric Vance; EPA

MS4 Permit
Improvement Guide

U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF WATER
OFFICE OF WASTEWATER MANAGEMENT
WATER PERMITS DIVISION

ApriL 2010

EPA 833-R-10-001




EPA Green Infrastructure Technical

Assistance Projects

37 projects from 2012-2014; ~$2.1M

Creating green infrastructure conceptual designs
Modeling the effects of green infrastructure
Quantifying the benefits of green infrastructure
Developing locally tailored technical guidance

Exploring options for green infrastructure
outreach

Removing barriers in codes and ordinancesjg

Tackling institutional issues like financing
and maintenance

Czrmenity
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Example Conceptual Design — Boise, ID TETRA TECH
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Code Review - Phoenix, AZ; Macatawa, M|

Degree of Importance Key to Symbols:
@ Essential
P Very important
& Important
NI Not important to the City of Phoenix

GOAL #I1: MINIMIZE EFFECTIVE OR CONNECTED IMPERVIOUS AREA
Objective: Minimize impervious area associated with streets.

Objective: Minimize impervious area associated with parking.

Objective: Minimize impervious area associated with driveways and sidewalks.
Obijective: Clustering development.

Objective: Incorporate sustainable hydrology practices into urban redevelopment.

COMMENTS
(INDICATE ORDINANCE FINDINGS “YES” OR “NoO".
DEGREE OF WHEN “NO"”', NOTE SPECIFIC LOCATION OF BARRIER IN
GOAL #1 KEY QUESTIONS IMPORTANCE CODE)
Effective Impervious Area
I. Does the code distinguish between pervious paved | Code Findings: No
areas and impervious paved areas in the
determination of onsite stormwater requirements’
2. Does the code definition of impervious area | Code Findings: Yes
distinguish between impervious area connected to City of Phoenix Stormwater Policies and Standards. 6.8.3. First Flush.
the storm drain system (effective impervious area) Normally, the City's water quality treatment standard (first flush)
and disconnected impervious area’ minimum is met by following the City retention requirements to
capture the |00-year, 2-hour storm. In the event there is a discharge
into a structure owned or operated by the City, the applicant must
also comply with the First Flush policy.




Other Technical Assistance Projects T TETRA TECH
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City of Neosho Green Infrastructure Design
Handbook

Integrating Stormwater Management into Sustainable Urban Design




Technical Assistance to EPA’s National

Estuary Program
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Getting to Green:
Paying for Green Infrastructure

Financing Options and Resources for Local Decision-Makers

Emu nited States EPA 842-R-14-005
Environmental Protection
w Agoncy December 2014

F

g X | Offce of Wetiands, Oceans and Watersheds
= | National Estuary Program
JESTUARY] y & s

[FROGRAM]

Coastal Stormwater Management
Through Green Infrastructure
A Handbook for Municipalities

2 Em United States EPA 842-R-14-004
N Environmental Protection
s Agency December 2014

z iy ‘ Office of Wetlands, Oceans and Watersheds

National Estuary Program

Conceptual Designs for Storm Drain
Bioretention in the Anchorage Canal
Drainage Area

Town of South Bethany, Del | Del

Center for the Inland Bays

EPA 842-F-14-002

g‘ Office of Wetlands, Oceans and Watersheds
e

= | National Estuary Program

=

http://water.epa.gov/type/oceb/nep/resources.cfm




Green Infrastructure Opportunities | TeTRA TECH
that Arise During Municipal Operations

Green Infrastructure
Opportunities that
Arise During Municipal
Operations

o United States
S Environmental Protection
\’ Agency

EPA 842-R-15-002
January 2015

NATIONAL

4 Office of Wetlands, Oceans and Watersheds
e National Estuary Program

ESTUARY

PROGRAM

http://epa.gov/owow/ocpd/green_infrastructure_roadshow.pdf



Steps to Implement Green Infrastructure

Projects

Review
Planning

Documents
and Codes

Identify green
infrastructure
opportunities
and verify that
green
infrastructure
can be readily
incorporated
into municipal
projects

Identify
Funding to
Implement

and Maintain

Projects

A variety of
funding
sources are
available to
build and
maintain green
infrastructure

Plan for
Maintenance

Ensure the
effectiveness
of green
infrastructure
over the long
term by
coordinating
between
multiple
agencies

Bring plan
reviewers and
maintenance
staff up to
speed on what
is needed

'It TETRA TECH

Identify
High-
Visibility
Projects

Look for
projects that
will show the
public the
benefits of
green
infrastructure




Green Infrastructure Opportunity

Fact Sheets
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CASE STUDY: ST. LANDRY PARISH VISITOR'S CENTER—ST. LANDRY PARISH, LOUISIANA

L]
Fact Sheet 2 S
= LEED cestification by incarparating sustainable materials with bath aesthetic
and funetional purpeses. For example, construction incorporated recycled

building materials and stormwater control measures induding permeable
rarurian AcAhAl in the reneanativals S2an Aarking 0TS Starmwatar ranff

CASE STUDY: LANCASTER PARKING LOT TRANSFORMATIONS—LANCASTER,

Build trofit
. g, - N N
The City of Lancaster, Pennsylvania has taken on a series of four
a r I n a ‘ : I I I e S city-owned parking lot renovations in the city's southeast
region. Tne renovated parking lot designs incorporate s

stasmwater managerment features. Starrwater measures
THINGS TO CONSIDER BEFOREHAND

®  Select plants thatdo not impede driver sight lines or hide pedestrians from view.

= Use salt-tolerant plants where sait will be used for snow and ice control. =
= Select native or locally adasted plants where possible to redute maintenance and hels to. -—‘\

Build or Retrofit Parking Facilities to

be Greener
FACT SHEET #2

Parking lot pavement st rmuricisal facilities constitutes & substantial portion of whan and
suburban impervious surface area. These lots, as well as medians, curbs, and bump-outs,
present opportunities far munigipalities 1o incorporate green nfrastructure features into new
parking lot designs or retrofit existing parking 6ts with green infrastructure to capture runaff
from parking spaces, parking lanes, 308 buildings before it leaves the site. Greener parking can

be used to:
= Reduce effective inpervious area = Improve pecestrian safety with curb
= Infiltrate runeff from parking lanes and bump-outs to reduce Crossing
stalls distances
= Improve parkinglot crainage = IMprove sesthetics
=  Provide shade when trees are used = Provide wildlife habitat

‘GREEN INFRASTRUCTURE OFFORTUNITIES

Permeable pavement  Choose permeatle pavernent for aress with low volume traffic, such
2 parking stalls, fire lanes, pedestrian walkways, and overflow
parking.

Bigretention Install or conver? arees belween parking rows io bioswales. Install
bisretention along the parking lot perimeter and in comers where
cars eannot park. Use curk bump-outs with binretention at the end
of stalls to calm traffic and reduce pedestian crossing distances.

Trees Plant trees between parking rows, in bump-outs, and aleng
pefimeters. Use sTormwaler tree BOXeS in wide Sicewalks and
entrance courts.

Reduce impervious area  Create shallow depressions in medians, centeriine safety strips, ang

roundabouts and plant with lew-profile vegetation. For retrofits,
redirect stormater fiow from storm sewers to bioretention areas.

Project Complexity Factors Affecting Costs Finoncing Opportunities Necessary Maintenance
Medium = Scae of the project = Capital improvement funds = Hand weeding
= Retrofit, infill, or new development * Property tax assessments * Debrisand seciment removal
Timefiame setting = Smart growth grants a Plant trimming and pruning
1-3 years « Gresn infrastructure practices selected » State or grivate grants « Plant replacement
X = o cxsting utilities reguire relacatian ar + State revahing loans = Vacuum sweeping of permezble
Installation Cosis special designs » lssusing bonds pavement

$20,000 2nd up, depending on site and scale




Green Infrastructure

The Future



Integrated Planning T TeTRA TECH

e October 2011 - EPA memo on Achieving Water Quality
Through Integrated Municipal Stormwater and Wastewater
Plans

e June 2012 - Integrated Municipal Stormwater and
Wastewater Planning Approach Framework

* 6 Elements of an Integrated Plan:
= Describe WQ and regulatory issues
= Describe existing wastewater/SW systems
= Stakeholder process
= |dentify alternatives
= Propose implementation schedules
= Measure success and process for improving plan
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Northeast Ohio Consent Decree T TETRA TECH

e 2010 CSO consent decree - first to include green infrastructure
requirements as part of injunctive relief.

Additional Required (SO Capture

200 - ($1.51/CS0 gallon controlled)
>
2,
150 =
= $87M T
= costsavings 4=
0 S
< wof ilfdzﬁlﬂ - District’'s Original (SO Control Plan
—C- (sz)z;ﬁon i $42M o |€—  (5075/(S0 gallon controlled) ~ ——> I/
by controlled Green ©
o Infrastructure o
i | $53M $1.51/ 8
Partially upsized (50 gallon \U\
infrastructure {
0 - /
63MG of Additional CSO Capture S b aling g L T—
70 0 0
caghiie Yo capture



Washington DC May 2015 Green

Infrastructure/CSO Consent Decree
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e Eliminate tunnel, sewer separation, build green infrastructure

https://www.dcwater.com/green

Existing Plan

CSOs
027,028, 029:
Manage volume equal
to 1.2"of rain falling on
133 impervious acres

CSOs 025, 026:
Separate sewers

CSOs 020-024:
Control using
Potomac tunnel

Rock Creek and
Potomac drainage ar

I Rock Creek Tunnel
(9.5 million gallons)

Potomac River Tunnel
(58 million gallons)

Anacostia River Tunnel system
(157 million gallons)

@ CS0 outfalls (associated with proposed plan)

O Blue Plains Advanced
Wastewater Treatment Plant

Updated Plan

CSO 049:

Manage volume
equal to 1.2"of rain falling
on 365 impervious acres

Rock Creek and
Potomac drainage areas

Rock Creek and Potomac drainage
areas with Green Infrastructure
and targeted sewer separation

Drainage areas with
sewer separation

Potomac River Tunnel
(30 million gallons via gravity)

Anacostia River Tunnel System
(157 million gallons)

@ CSO outfalls (associated with proposed plan)

Blue Plains Advanced
Wastewater Treatment Plant



Many Cities are Now Developing Green
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Stormwater Infrastructure Strategies

Seattle (2015 draft)
Philadelphia (2009) §
Chicago (2014) [
Newark, NJ (2015)
Milwaukee (2012)

New York (2010)
New York’s Green Infrastructure Plan (2010)
= $2.4B on green, $2.9B on grey infrastructure over 20 years
= Saving $1.4B from all grey infrastructure

= Will capture first 1 inch rainfall from 10% of impervious surfaces in
CSO areas \ '




Green Infrastructure in Parks

Canal Park, Washington, DC
~3 acre, 3 block long park (formerly bus depot)

®
2nd Street

Cisterns with water reuse for
bathrooms/irrigation/fountains

Rain gardens, green roof on café, tree planters

230)d pU2




Climate change/climate resiliency

Average Annual Rainfall in Chicago: 1991-2011
[llinois State Water Survey Cook County Precipation Network Station 10

50
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20

INCHES OF RAINFALL PER YEAR

0 T T T T T T T T T T T T T T T T T T T T T
1991 '92 '93 '94 '95 '96 '97 '98 '99 '00 '0O1 '02 '03 '04 ‘05 '06 '07 ‘08 '09 10 201

Source: Illinois State Water Survey

Water Supply Sustainability Index (2050)
Bl Extreme (412)
I High (608)
Moderate (1192)
Low (897)

‘er Supply Sustainability Index (2050)
No Climate Change Effects
W Extreme (29)
W High (271)
Moderate (821)
Low (1988)
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I Green Infrastructure
for Climate Resiliency

Climate change is impacting urban areas in many ways, from
exacerbating the urban heat island effect to elevating flood risk.
Build green infrastructure to help improve community resilience.

By the end of the century,
annual domages from
flooding in the U5, are
projected to increase

" 30%

DROUGHT

U.5. counties in the lower
48 states face higher risks
of waoter shortoges by
mid-century.®

COASTAL
DAMAGE

sn"fu of Americans

live in coastal counties,

where water and energy
infrostructure are

increasingly vulnerable to
higher sea levels.?

URBAN
HERT

=

L% =
T -~
-

Climate change will
likely lead to more
frequent and severe
heat waves during
summer months.*



L .
Green Infrastructure Builds Resiliency

1 Vegetation-bosed green
infrastructure practices can
mitigate carbon pollution,

p . Build green infrastructure
s like rain gardens and
— permeable pavement to
e manage flooding.

fy HKeep water local. Copture runoff in cisterns and rain barrels to reduce municipal water use.

B Plant trees and green roofs to mitigate the urban heat island effect.

§ Use living shorelines, buffers, dunes and marsh restorotion to reduce the impact of storm surges.



Green Infrastructure at Work
KEEP
LOWER URBAN HEAT WATER LOCAL BUILD COASTAL
ISLAND EFFECTS RESILIENCY
({(((
=Z
=
By capturing rain where it falls,
urbanized Southern California and Research suggests that
Studies show that green roofs can the San Francisco Bay area could boost wave height can be reduced
reduce the energy needed for water supplies by up to 200 billion by 50% within the first 16 feet
cooling on the floor below the roof gallons per year — as much water as the of marsh and 95% ofter crossing
by more than soo/o’ city of Los Angeles uses annually.$ 100 feet of marsh.”
MANAGE FLOOD RISK USE LESS ENERGY
Give your air conditioner a rest!

N
v

- \\\z One young, heolthy tree
z can produce cooling
"Z  gffects equivalent to

A study in Burnsville, MN
showed a &) =8 9/, reduction ?
in runoff volume after the (( :
installation of 17 rain gardens

in a 5.3 acre neighborhood.® / — ten room-size air
l conditioners operating
. 20 hours a day.®
United States For more information on green infrastructure, see:
www.epa.gov/greeninfrastructure

I
- Environmental Protection
Aannrv
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EPA Climate Resiliency Charrettes

* EPA hosting a series of 1-2 day charrettes to discuss how green
infrastructure can help build climate resiliency

= Albuquerque - August 11-12
= New Orleans - August 11

= Los Angeles - Sept. 23-24

= Grand Rapids - Early October

 What do we mean by “climate resiliency?”

“Improving community resiliency to threats posed by climate
change to critical infrastructure, water quality, and human
health.”
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Consider incentives for green
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infrastructure

e Retrofit incentives
= Rebates/installation cost sharing
= Stormwater fee discounts

* New Development incentives

= Reduction in code requirements (FAR bonus,
density bonus, increased building height
allowance, decreased parking requirements)

= |ncreased allowable development
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Reduces Stormwater Runoff
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Public Private Partnerships Te| TETRA TECH

Prince George’s County, Maryland

County must retrofit 15,000 impervious acres by 2025

Private company handles all planning, design, construction and
maintenance of LID practices under 30-year partnership

Initial three-year period will retrofit up to 4,000 acres for $100
million

Company must use local small and minority-owned businesses for
at least 35 percent of the total project scope

http://www.princegeorgescountymd.gov/sites/EnvironmentalRes

ources/News/Pages/WhiteHouseEPA.aspx




Where is EPA going next? T rerea Tec

* Revise regulations to address public comment and
permitting authority review of stormwater Phase Il MS4
NOIls/SWMPs

e Strengthen MS4 permits (individual and general, including
DOT-specific permits)
* Address compliance with NPDES permits
= Integrated Plans
= CSO consent decrees with green infrastructure
= |nspections/audits

e Address climate change/climate resiliency




Parting thoughts Te| TETRA TECH

* Municipal properties - streets, rights-of-way, municipal
facilities - represent the best opportunity for green
infrastructure

* Codes and standards need to change to encourage/require
green infrastructure techniques

e Cities must consider climate impacts and design for climate
resiliency with projects

* A major challenge is maintenance/long-term administration
of green infrastructure practices
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Thank you!

John Kosco, P.E., CPESC
(703) 385-1834
John.Kosco@tetratech.com




