


» What are the benefits of implementing GI practices?

* What does Gl look like?

 How Is EPA involved with GI?

« Future plans and opportunities



THE PROBLEM: URBAN RUNOFF

 Stormwater runoff is a major cause of water pollution in
urban areas.

* In most urban areas, stormwater Is drained through
engineered collection systems and discharged into nearby
water bodies.

 The stormwater carries trash, bacteria, heavy metals, and
other pollutants from the urban landscape, degrading the
quality of the receiving waters.



source of Impairment
* Fast growing water quality concern

* Development often increases the
amount of impervious cover in the
landscape

e Small increases in Impervious cover
lead to significant impacts in
receiving waters

Increases in Impervious
cover lead to Increases In
stormwater volumes and

peaks




Excess volume and velocity of
stormwater lead to:

* Erosion
e Steeper banks
* Wider channels
* Channel straightening
* Shallow streams

* Flooding

* Soil deposits



EPA DEEFINES GREEN
INFRASTRUCTURE AS:

o Systems and practices that use or mimic natural
processes to infiltrate, evapotranspirate (the return of
Wwater to the atmosphere either through evaporation or by
plants), or reuse stormwater or runoff on the site where it
IS generated.

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



GREEN INFRASTRUCTURE

SOLUTIONS

integrating green infrastructure practices in
the design of the project that retain the
stormwater volume through infiltration,
evapotranspiration and rainwater harvesting.

) mpr .
\)('\(\ . OVlng
Qifoo&(\q Vabilit,
: E _ Reducing Jucind
Reducing nhanc’”g Water human health  ‘pan heat
small stream erosion  SUppjja. er hu pacts ‘; d offect
= a
g £ Reduc;
n :
re:/)?”?c/,? Reducnd ©Ombiney segwer Improving
///9’70},9 anergy deman overﬁOWs air quality



VVV'HAT IS GREE

System JI nelrwa'l anad
L L i £ 1+

DINPOr Lhld
transplrate capture, and reuse ramfall

* Rainwater harvest system

* Detention pond-Dry.

* Retention pond-wet (artificial wetlands)
* Bioretention basin-rain garden

* Mediafilters

* Porous/pervious pavement

* Vegetated swales, buffers, strips
* Greenroof

* Infiltration basin

* Checkdams

* Rock flumes




WHAT ARE THE BENEFITS OF
IMPLEMENTING Gl PRACTICES?

« Water Quality

« Water Quantity

» Water Supply

* Potential Cost Savings

 Air Quality

 Energy and Climate Change
 Habitat and Wildlife

« Community



Green Infrastructure at Work

A study in Burnsville, MN
showed a 930/0 reduction ‘
in runoff volume afterthe
installation of 17 rain gardens K _

in a 5.3 acre neighborhood.®

BUILD COASTAL
RESILIENCY

Research suggests that
wave height can be reduced
by 50% within the first 16 feet

of marsh and 95% after crossing
100 feet of marsh.”

KEEP
WATER LOCAL

By capturing rain where it falls,
urbanized Southern California and
the San Francisco Bay area could boost
water supplies by up to 200 billion
gallons per year — as much water as the
city of Los Angeles uses annually.®

USE LESS ENERGY

Give your air conditioner a rest!
N,
+, Oneyoung, healthy tree
“» can produce cooling
effects equivalent to
ten room-size air
conditioners operating

20 hours a day.®

LOWER URBAN HEAT
ISLAND EFFECTS

Studies show that green roofs can
reduce the energy needed for
cooling on the floor below the roof

by more than soﬂ/o’




4 Vegetation-based green

Green Infrastructure Builds Resiliency

2 Build green infrastructure
like rain gardens and
permeable pavement to
manage flooding.

infrastructure practices can
mitigate carbon pollution.

£z Keep water local. Capture 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 restoration to reduce the impact of storm surges.




WHAT DOES Gl LOOK LIKE?
Rainwater Harvest System

e Rainwater harvest (RWH) system collects
and stores rainfall for later use.

e The RWH system is designed to slow and
reduce runoff, as well as provide
irrigation water, reduce water bills and
conserve municipal water supplies, which
may be particularly attractive in
arid/semi-arid regions, where they can
reduce demands on increasingly limited
water supplies.

e The system includes either active storage
of collected water in a receptacle or
changing surface topography to
slow/capture runoff to increase water
storage for sediments

Courtest of Y.Yang, Ph.D, EPAORD



Detention Pond- Dry

e Dry detention ponds (also known as dry T TN R Y V|
ponds, extended detention basins) are
ponds whose outlets have been designed
to detain stormwater runoff for a minimum
time of 24 hours to allow particles and
associated pollutants to settle. Unlike wet =
ponds, these facilities do not have a large
permanent pool of water..

o They are reasonably effective in removing ra&:?”‘ - - _§: ‘
sediment and other pollutants associated I e
with particulate matter. e =

e Dry detention ponds can play a key role in
downstream channel protection if
appropriated designed.

Courtest of Y.Yang, Ph.D, EPA ORD



Retention Pond

Retention ponds (RP), also known as wet retention ponds, wet extended
detention ponds, wet basin, are constructed basins that have a permanent pool
of water throughout the year (or at least throughout the wet season).

RP are often for water quality treatment purpose, and they also could be used
for temporary runoff storage.

Ponds treat incoming stormwater runoff by allowing sediment particles to
settle and algae to take up nutrients.

In arid regions, it is difficult to justify the supplemental water needed to
maintain a permanent pool because of the scarcity of water.
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Bioretention (Rain Garden)

Bioretention (BR), or rain gardens, are landscaping
features adapted to provide on-site treatment of
stormwater runoff.

They are commonly located in parking lot islands or —
within small pockets of residential land uses. N =7

Surface runoff is directed into shallow, landscaped P
depressions and these depressions are designed to 58
incorporate many of the pollutant removal

mechanisms that operate in forested ecosystems.

Courtest of Y.Yang, Ph.D, EPAORD



Media Filter

Stormwater media filter (MF) system capture and .
temporarily store the stormwater and pass it through e -
a filter bed of sand, organic matter, soil or other
media.

Filtered runoff may be collected and returned to the
conveyance system, or allowed to partially exfiltrate
into the soil.

Filtering practices are generally adapted only to
provide pollutant removal, although in exfilter
designs, some ground water recharge can be
provided.

Sand filters are widely used and can be applied in
most regions of the country and on most types of
sites (USEPA, 2000a).

A s
Courtest of Y.Yang, Ph.D, EPAORD



Porous Pavement

e Porous pavement (PP) encompasses a variety of mediums, from porous
concrete and asphalt to plastic grid systems and permeable interlocking
concrete pavement (PICP).

e Stormwater media filter (MF) system capture and temporarily store the
stormwater and pass it through a filter bed of sand, organic matter, soil or
other media.

e Filtered runoff may be collected and returned to the conveyance system, or
allowed to partially exfiltrate into the soil, or provide ground water recharge.

e They reduce runoff volumes at a considerably smaller cost than traditional
storm drain systems (USEPA, 2000a).

Choker Course: AASHTO

No. 57

Pervious Paving Surface Course Sufficient to fill large
aggregate space
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Non-woven Geotextile
on bed bottom and sides

Courtest of Y.Yang, Ph.D, EPA



Vegetated Swale, Buffer, and Strip

e Vegetated Swale (also known as grassed
channel, biofilter, or bioswale) refers to a _— WL
vegetated, open-channel management “‘“ﬁm“~ S|P
practices designed specifically to treat and : 3 v
attenuate stormwater runoff for a specified P -
water quality volume (USEPA, 2000a).

e As stormwater runoff flows, it is treated
through vegetation slowing the water to ! T e ¢
allow sedimentation, filtering through a 4-=3 -
subsoil matrix, or infiltration into the
underlying soils. Swales are well suited for
treating highway or residential road runoff
because they are linear practices (USEPA,
2000a).

—

Courtest of Y.Yang, Ph.D, EPA ORD



Green Roof

e A green roof is a building rooftop partially or
completely covered with vegetation over high
quality waterproof membranes to compensate for
the vegetation that was removed when the building
was constructed (USEPA 2000b).

e It can be effectively used to reduce stormwater
runoff from commercial, industrial, and residential
buildings; meanwhile, it was proved to help
mitigate the urban "heat island” effect.

Don’t try this at home!

Courtest of Y.Yang, Ph.D, EPA ORD



Infiltration Basin/Trench

An infiltration basin/trench (also known as infiltration galley) is a rock-filled
trench that receives stormwater runoff and has no outlet. This system is
designed to infiltrate stormwater into the soil.

Storm water runoff passes through some combination of pretreatment
measures, such as a swale and detention basin, and into the trench. There,
runoff is stored in the void space between the stones and infiltrates through
the bottom and into the soil matrix. (USEPA, 2000a).
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Milwaukee, WI TR — T

* Revitalized brownfield site e
now mitigates impacts of -}
localized flooding up to the *|
100 year storm event

« 70 acre stormwater park
provides a high-value
community recreation asset

Menomonee River Stormwater Park
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Newly planted right-of-way
rain garden project on 10th
and Rio Grande Avenue.

San Antonio River
Authority Permeable
Pavers

Downspout disconnection
and permeable paving in
the parking lot for the
offices of the San Antonio
River Authority.



http://www.texaslid.org/page.php?page=projects
http://www.texaslid.org/page.php?page=projects

EXAMPLES

@ Rainwater falls on the roadway and
drains into the bioswale

@ Water is cleaned naturally by vegetation
as it flows down the bioswale

g Clean water drains into an
outfall and into downstream bayous

......

Bioswales
Birnamwood Drive Roadway Project
Harris County, Texas

First Low Impact Development (LID) roadway project in Texas

32-foot depressed median in the middle of a four-lane concrete boulevard

Combines natural and engineered components to eliminate the need for off-site stormwater detention
Results: cleaner downstream water quality & improved aesthetics



reen ~oo

Botanical Research Institute of
Texas (Ft. Worth, TX)

« 70,000 square-foot building
includes a living roof with 6,000
plants

* The roof reduces rainwater runoff
by absorbing rain that would
usually end up in a storm drain

« Insulation from the plants also
reduces cooling & heating needs,
helping conserve energy (approx
$37,000 per year in savings




« 12.5 acre facility

 Catchment system collects
ralnfwater from nearby building
roofs

' » \Water is stored in underground
. l ‘ 5 tanks as well as a 35,000 gallon
‘ elevated water tower

 Water is used for irrigation
Afd-»—%_w;--~1\ - throughout the park
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University of Texas at Arlington

The Green at UTA College Park manages
stormwater with the use of permeable pavements,
bioswales, rain gardens and larger bioretention

systems.



http://www.texaslid.org/page.php?page=projects

» The garden catches sediment and filters pollutants
« Attached detention area to capture remaining runoff
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West Yard before pervious
concrete was poured.

EXAMPLES

pervious concrete. The
hose shows water flow.

Pervious Concrete
Demonstration

West Yard Facility (Tulsa, OK)

* Purpose: produce a case study OT'bérV!OUS'"édh’creteﬁ'lﬁ“'(’)ﬂK”'t'b :
address climate-specific performance issues

- Certified 20 people as pervious concrete technicians,
dramatically increasing the number of technicians in OK

* The demonstration has lasted two years, and Is monitored
quarterly by Oklahoma State University graduate students




Retention pond/wet poncg\“

City Park Wetlands %

New Orleans, Louisiana ' "~

 Educational & interpretive wetland

* Provides temporary stormwater detention (6-12 in. of water
at all times)

 Deep pools allow pollutants to settle

* Incorporates native wetland plants that tolerate inundation
during large rain events



GREEN INFRASTRUCTURE IN THE
BORDER REGION

Enhancing Resiliency to Drought, Flooding, and Erosion

OKLAHOMA
ARIZONA
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« City of Tuscon partners with

NGOs to install green
Infrastructure on roads and has
adopted an internal policy that
all public streets must integrate
green streets concepts into
Initial designs.

Parking lot designed to infiltrate runoff in Tuscon, AZ
Photo Credit: Watershed Management Group



(.. Demonstration Sites - Windows Internet Explorer

% - I_ﬁ' http: ffwatershedmg.net/programs/demo-sites j |E| |E| IGDDgIe

File Edit “iew Favorites Tools Help

*QCnnvert - Select

12’ 49? &Demunstration Sites

ﬁv v@v@vPage-@TnnISv »

About Us

& WMG News
¢ News Feeds

& WMG Photo
Gallery

@rgsr;l: at  Working together towards sustainable solytjong

———— [Ciroup

Programs Pariners and Sponsors Community Resources Getlnvolved Contribute

Demonstration Sites )

started fall 2006

Water harvesting practices are simple, low-tech practices that conserve water, improve water quality, reduce
flooding and erosion, and promaote revegetation. The purpose of the Demonstration Site program is to create
visible models of water harvesting practices while training the public in theirimplementation. To ensure thatthe
program would be available to all padicipants, WMG partnered with public sites to ensure the sites were free to
visit and also offered all educational workshops free of charge. All sites focused on capturing rainwater and
greywater to irrigate landscapes with native and edible plants. The U3 Bureau of Reclamation funded this
program for its first two years; currently the program continues through money generated by new site parners.

Flease see more about our Tucsan, Arizona demaonstration sites here:

+ Oniginate Natural Building Showroom ; 526 M. Ninth Avenue; 520-792-4207; website
* The Nature Conservancy ; 1510 E. Ft. Lowell Road; 520-547-3437; website
v Ward lll Tucson City Council Office ; 1510 E Grant Rd; 520-791-4711; website
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Trabajos Moviendo Tierra
Earthworks



= : _ Santa Cruz River Farmers Market, Tucson, Arizona '
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Milagro Co-Housing Community, Tucson, Arizona

August, 2003 April, 2004  January, 2005 August, 2006 March, 2008

Photos courtesy of David Bygot



Gl projects inAZ/SON boraer

slides provided by Hans Huth, Hydroelogist, Arizona
Department of Environmental Quality, and water harvesting
enthusiast)




Cuencas de Bioretencion
Bioretention Basins
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Tucson Metropolitan Ministry and Family Services, Tucson, Arizona
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Private residence, Tucson, Arizona









“Presas de una roca”
One Rock Dams
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| Entrenched tributary of the Santa Cruz River
 Tucsony Arizona













Green Infrastructure possibilities
for Nogales, Sonora
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eto / Challenge

| a Incorporacion de suelos en flujos concentrados impactaniia

niraestructura que corre debajo de [os arroyos de Nogales'y sus
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REto

_a infiltracion )y entrada de aguas pluviales en el sistema de alcantarillado

contribuye alas fugas de aguas residuales.

Intlow and infiltration of stormwater introduced into the sewers contributes
to sanitary sewer overflows.
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El represo cuenta con una altura de 5.30
m, longitud de 16.00 m y un largo de
.—l
'—l

corona de 14.00 m. El arroyo presenta

un gasto de 39.06 m?3/s, que es retenida

6,000 m> y que tiene un tiempo de
retardo de 6 horas.
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LAND DESIGNATED BY CITY FOR CONSERVATION IS
BEING DEVELOPED




80% of roads unpaved
Gullies filled after each storm

31 gullies surveyed in 2009 and 2010




O Road gullies

@ Channel erosion

Courtesy of SDSU



1. Where are the hotspot areas that are producing the most
sediment in LLos LLaureles watershed?

2. What would be the impact of different land use changes and

green infrastructure on sediment and stormflow?

 Continued urbanization
* Road paving (already happening—should it be encouraged?)
« Sediment retention basins

Strategy:

Measure stream discharge and sediment yield during storms
Model stormflow and sediment yield under different land uses
and Gl practices

Map gullies with cameras (and balloons, minicopters) after
storms



SEDIMENT MODEL DEVELOPMENT FOR LOS LAURELES

FUNDED BY EPA IN 2013:

i

SAN DIEGO STATE
UNIVERSITY

S

Digital Elevation
Model (DEM)

Watershed
Discretization
(Model Elements)

Intersect Model
Elements With

Soll
Land Cover
Rainfall

Run Model and
Import Results

Results

Surface Runoff (mm)
Bl 10-77
[178-139
[ 1140-208
[ 209 - 310
B 311-449




@ 2008 Resurvey
O 2014 Channel Survey

re-surveyed
71 additional locations surveyed

27% (and growing) of channels are
concrete

WIDTH (M) ¢ 5W308

Courtesy of SDSU



" VERTICAL DISTANCE
: MEASURED WITH
SURVEY STAFF




Width: 8 m 2 2o0m
Depth: 3.5 m =2 gm

——SW306, downstream
el SW307, upstream













check dams/ “gabiones” (properly designed)
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Altura de Altura suficiente
a para que el agua
enacon pase sin desbordarse
dela carcava

disipacion

J Altura efectiva

Sfinal =0 %

Sfinal =0 %

Courtesy of C. Castillo,
University of Cordoba



How IS EPA INVOLVED WITH GI?

= Research

= Qutreach and Communications

= Tools

= Clean Water Act regulatory support
= Economic Viability and Funding

= Demonstrations and Recognitions
= Partnerships



RESOURCES DEVELOPED

* Protocols to quantify environmental benefits
* Gl Resource Center

» Technical Tools — Guidebooks -Training

* Protocols for cost evaluations

* Information on financing mechanisms

* Recognition and Incentive programs



BETTER COORDINATION WITH OTHER
FEDERAL AGENCIES

N\ Identify, track, and incorporate green

\ / infrastructure activities

\_/

=21 Integrate green infrastructure into federal
@L flood/extreme event mitigation efforts

Coordinate to reduce impacts of roadway

/// stormwater



PARTNERSHIPS :GREEN INFRASTRUCTURE
COLLABORATIVE

» EPA has joined with federal agencies, NGOs, and other private sector entities to form
a broad-based network of organizations interested in promoting and implementing
green infrastructure. the network will help communities more easily implement green
infrastructure. Commitments include:

 Technical assistance

Recognize innovative green infrastructure projects

Work with States to integrate ecosystems and transportation planning
Incorporate green infrastructure practices into agency facilities or lands
Emphasizing Gl in existing grant programs.

Disseminate the best ideas and lessons learned from existing grant programs.
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» EPA Clean Water Act grants and loans
 Department of Energy

 Department of Interior

 Department of Transportation

* HUD

* NOAA

« USDA

* Others



Sharing information about the benefits of
green infrastructure

Disseminating information with growing
communities that taking steps now will
prevent the need for costly retrofits later




PROVIDE COMMUNITIES WITH TECHNICAL
ASSISTANCE

United States 2012 GREEN INFRASTRUCTURE TECHNICAL ASSISTANCE PROGRAM
Environmental Protection Town of Franklin, Massachusetts
Agency

or J\ United States ; 2012 GREEN INFRASTRUCTURE TECHNICAL ASSISTANCE PROGRAM
Environmental Protection :
Y4d ency City of Atlanta

Atianta, GA

Green Infrastructure Implementation Strategy for
the Town of Franklin, Massachusetts

An Evaluation of Projects, Programs, and Policies : ~ ‘

. Mpeh e Boone Boulevard
Photo: Town of Franklin EPA EP-C-11-009
Green Infrastructure Conceptual Design

MARCH 2018
Photo: Street-side bioretention EPA 830-R-14-001

www.epa.gov/greeninfrastructure



EXISTING RESOURCES: THE NATIONAL STORMWATER
CALCULATOR

National Stormwater Calculator = X
Oversew | Locasen | Soll Geaup | Conducty | Slepe | Raindall | Evaporatien | Land Cover | LID Contols | Runcl Resuts |

e ——

Welcome to the EPA National
Stormrwater Calculator

Thit Calcubator detarmines B amount of
MWormeater nrofl genarated rom o 1he
under dlerent develegenent and control
scananos over 3 longterm penod of
Pritoncal raetall

The analyses hkes o accsunt locel sod
condaons, Wope. land cover and
metecrciogy Dillerent Yypet of low mpact
development (LID) practices can be
eergdayed W help caphee and retan
tomlall oresite

Thet progracm wat produced tythe US
Emwrorenentsl Protecton Agercy with
s1nstance froen Aqua Teara Contultants
a4 it powered by Macrosof' 1 Bung Mape
and e EPA S1orm Water Management
Modei (SwWMM 500

.Sdodhlmubbm.mnn

Available at: http://www.epa.gov/research/gems/stormwater.htm



Low IMPACT DEVELOPMENT
DESIGN COMPETITIONS




HoUSTON LID DESIGN
COMPETITION- 2010

* Design workshops for manual development
» Successful stakeholder input and reviews
 LID/GI Design Criteria Manual

Harris County Low Impact Development & Green
Infrastructure Design Criteria for Storm Water
Management

Submitted by: Arthur L. Storey, Jr., P.E.
Executive Director, Public Infrastructure Department

John Blount, P.E.
Director, Architecture & Engineering Division

Michael D. Talbott, P.E.
Director, Harris County Flood Control District
Adopted by Harris County Commissioners Court

Ed Emmett
County Judge

El Franco Lee Steve Radack
Commissioner, Precinct 1 Commissioner, Precinct 3

Jack Morman Jerry Eversole
Commissioner, Precinct 2 Commissioner, Precinct 4

Adopted April 2011




CAMPUS RAINWORKS CHALLENGE

College students GI competition : Provides a hands-on, interdisciplinary
learning experience through which students and faculty can gain practical
experience that may be applied in their future practice.
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2013 Master Plan Winner: 2013 Site Design Winner: Kansas
University of Florida State University




UTURE PLANS AND
OPPORTUNITIES




) Tools & Resources

Assistance
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=% Training




RECOGNIZE COMMUNITIES & SITES THAT USE
GREEN INFRASTRUCTURE TO MANAGE
STORMWATER

Ml@\ Continue working with partners with
established recognition programs

[
@l]]ﬂg Explore recognition of MS4s

’ Explore recognition program for
builders/developers




CLEAN WATER ACT REGULATORY
SUPPORT

- Incorporate green infrastructure into MS4 permits
and water enforcement actions

- Gl provisions incorporated into growing number of
state requirements and MS4 permits

- Gl now routinely considered as part of CSO consent
decrees



18 states and DC
have standards

* An Increasing number of states anc
communities are relying on retention

standards to reduce 1mpacts of e
stormwater from impervious cover retention of a
certain volume of
- . . stormwater.
* Retaining stormwater near where it falls (as of 2011)
reduces:
o Pollutants
o Volume and velocity
o Flooding

* Retention standards are cost-effective

o It is more cost-effective to incorporate
sustainable controls as development occurs
and prevent the need for costly retrofits or
restoration

o For new development, these standards can
save money because smaller detention ponds
and less gray infrastructure would be used




EXISTING RESOURCES: POST-CONSTRUCTION
PERFORMANCE STANDARDS & WATER QUALITY-
BASED REQUIREMENTS

Municipal Separate Storm Sewer System Permits

Post-Construction Performance Standards
& Water Quality-Based Requirements

Available at: www.epa.gov/npdes/pubs/sw_ms4_compendium.pdf



CYCLE OF INSANITY-THE REAL
STORY OF WATER- 20 MIN ANIMATED VIDEO BY

SURFRIDER FOUNDATION

VOTED GREENEST

LT
|/




THANK Youl!

Claudia Hosch
Hosch.Claudia@epagov
Doug Liden
Liden.douglas@epa.gov

Websites:

* Green Infrastructure
www.epa.gov/greeninfrastructure

e Stormwater
WWW.epa.gov/npdes/stormwater
* EPA Region 6 Gl

Water: Green Infrastructure
You are here: Water»Water Infrastructure »Green Infrastructure

Green Infrastructure

- [ |
JHnme Basics | | Tools | | Case Studies | |Research | | Library | | Contacts |

Water Home

Drinking Water
Education & Training
Grants & Funding
Laws & Regulations
Our Waters

Pollution Prevention
& Control

Resources &

Performance - '-‘ v Gl'een
Infrastructure

Science & Technology

Water Infrastructure
Drinking Water
Green Infrastructure

Sentic Svstems

http://www.epa.gov/region6/water/npdes/greeninfrastructure/index.htmi

Listserv:

» Greenstreams: To join greenstream, an EPA listserv featuring updates on green

EContact Us Bshar

Features

EPA Awards $860,000
in Technical
Assistance - EPA has
selected 14
communities to receive
green infrastructure
technical assistance in
2014.

Learn more...

EPA Announces
Winners of 2013

Campus RainWorks
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