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Presentation Outline
Green infrastructure goals for permeable pavements

Permeable pavements overview

Exemplar green street projects

Critical design, construction & maintenance factors
Industry resources

ASCE Manual of Practice on Permeable Pavements
Q&A

Next speaker

EPA definition of
green infrastructure

...maintains healthy waters, provides multiple
environmental benefits and supports sustainable
communities.

Unlike single-purpose gray stormwater infrastructure
which uses pipes to dispose of rainwater, green
infrastructure uses vegetation and soil to manage
rainwater where it falls.

By weaving natural processes into the built environment,
green infrastructure provides not only stormwater
management, but also flood mitigation, air quality
management, and much more.
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Green Infrastructure Goals
for Permeable Pavements

Stormwater Management Comply w/ NPDES MS4 permits,
reduce runoff & pollutants, save money with reduced damage to
lakes, rivers and beaches; reduce drainage upsizing costs. reduce
combined sewer overflows (CSO) in 770+ older urban areas

Efficient water use Recharge aquifers for water supplies,
reduce in/out of state imports, store/use urban irrigation water;
support shade tree watering & longevity

Transportation/safety Traffic calming, support way finding,
mark on/off-street parking areas, increase neighborhood identity,
support urban design contexts and complete streets

Energy Efficiency Use with horizontal ground source heat
pumps for building cooling/heating; reduce lighting use to with
reflective surfaces on sidewalks/parking lots/roadways to enhance
high-efficiency lighting

Green Infrastructure Goals for Permeable
Pavements

Recycling/reuse Reinstate same pavers; specify paving
materials with a minimum 10%o recycled content e.g., flyash,
silica fume, glass, etc. LEED v4: Attain material from sources
within 100 mile radius of project site; compare product LCAs

Urban Heat Island Reduce ambient summer temperatures
on streets and sidewalks through reflective pavers on roadways,
light colored units on sidewalks and use of trees for shading

Education Municipal PICP projects & infiltration demos,
project signs to highlight sustainable design; maintenance
education for owners/clients
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Pervious concrete (PC)
Concrete with reduced fines

Porous Asphalt (PA)
Reduced fines over an open-graded aggregate base
Sister to asphalt-treated permeable base & open-graded

friction course
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Permeable Interlocking

Concrete Pavement (PICP)
Solid concrete units with
permeable stone in joints

Typical Applications: walkways, parking lots, green alleys,
low-speed/low-volume roads, road shoulders




Video: Permeable Pavement & the
Louisville, KY Fire Department

City of Shoreview, MN - 2009

7 in. pervious concrete

¥ mile (79,000 sf) residential road

Reduce pollutants to nearby Lake Owassa
$1.4 million

18 — 24 in. thick open-graded
aggregate for water storage &
vehicular support
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Strong Road, Salem, OR

2006 — new 180 home subdivision
1.7 mi. streets & alleys (~200,000 sf)
1% in. OGFC + 3 in. ATPB

19in. base/subbase

90% runoff reduction
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Eliminated
curbs & pipes
Saving
$250,000

Main Street

Warrenville, IL
2007- 09

0.9 miles — 125,000 sf
3in. concrete pavers
24 in. base/subbase
Manages 10-yr storm
Eliminated flooding
$4.7 million
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Machine
installed

paving

units

Perforated storm pipe
for infiltration & drainage
in road center

Permeable Pavement
Design Flowchart
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Critical Hydrologic Design Factor:
Subgrade Infiltration

Double ring infiltrometer test

Use avg. infiltration rate \
Apply safety factor for clogging

& construction compaction

Portable soil infiltration device

Multiple test holes  Test pit

Critical Structural Design Factors:

Uncompacted or compacted...

Strength characterization of saturated soils via...
California Bearing Ratio (96 hr soaked)
Resilient Modulus M,

R-value
Modulus of subgrade reaction, k

Pavement surface layer strengths
Base/subbase aggregate strengths

CBR test apparatus



Critical Construction Factors

Maintaining
clean
aggregates
& pavement
surface

Critical Maintenance Factors

Regenerative air vacuum
sweeper
Routine cleaning
Removes loose sediment,
leaves, etc.
More common
~$1000/acre

True vacuum sweeper
2X more powerful

Restores highly clogged
surfaces

Narrower suction

Minimizing
compaction

8/9/2013
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Industry Resources

Design software ACPA/NRMCA
Manuals

Plus ACI, ASTM

AASHTO stds

Coming Soon: Permeable Pavements

Recommended Design Guidelines
ASCE Manual of Practice

Fact sheets
Checklists
Design information on
PA
PC
PICP
Grids
Maintenance
Standards, guide specs &
modeling methods
Research needs

Available Winter 2014

11
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Introduction and Design Considerations
Common to All Permeable Pavements

Chapter 1

Regulatory requirements
Site conditions
Hydrologic & Structural
Susta

Installation &

Summary checklist
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Chapters Fact Sheets

2 - Porous Asphalt

3 - Pervious Concrete

4 - Permeable Interlocking Concrete Pavement
5 - Plastic & Concrete Grids

13
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Chapter 2

Porous Asphalt and
Permeable Friction
Course Overlays

= Factshee Chapter 3
" System ‘!‘ Pervious Concrete
" Applicati¢ . factsh Chapter4

Sit -
e Subgrd  permeable Interlocking

constrain
reservg
= Generald , Concrete Pavement (PICP)

Perviol .
= Recomme Fact she Chapter 5

layer |.
installatic Polluta f::::’: Grid Pavement
= Fact sheet

= Postcons poati
eatis| .
operation Recomn , Climate considerations

maintena~< = Specific design
= Costinformation considerations

= Stormwater benefits = Detailed installation
= Recommended guide specs

Chapter 6

Alternative Technologies
Pervious pavers

Rubber overlay pavement
Rubber composite pavers
Engineered aggregates for
pollutant reduction
Performance, concerns &
limitations

Installation

Operations & maintenance
Costs

Guide specifications
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Chapter 7

Achieving Success and Avoiding Failures with
Permeable Pavements

DRTFT

Practical hints

Planning & site selection

Design

Construction

Operation & maintenance

Chapter 8 - Maintenance

Primary inspection and
maintenance tools

Checklist: Regular inspection
& maintenance guidance

Annual inspection checklist

8/9/2013
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Maintenance

* Surface infiltration rates
improved through
maintenance

* Vacuum sweeper - regen air
Initially: 1 to 2 times/year
= Site dependent
Remove surface sediments
Limit deep clogging
Surface clogging # sealed

Assess surface infiltration
rate w/ ASTM test or similar

Use true vacuum machine
when clogged

Chapter9
Hydrologic & Hydraulic Design Models

Overview of common models
Hydrology & hydraulics/water balance
Water quality modeling

Agency modeling requirements
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Chapter 10

Research Needs
Improved specifications
Validated hydrologic/hydraulic
performance data & modeling
techniques

Validated, reliable structural
design procedures

Refined pollutant removal
performance data & modeling
techniques

Installation & maintenance
requirements

Initial cost, life cycle costs & life
cycle assessment data
Long-term evaluation studies
Proven cold climate specs for
pervious concrete
Clogging/hydraulic failure &
rehabilitation information

Appendix A
Fact Sheet: Common Concerns Regarding
Permeable Pavements

Clogging

Costs
Maintenance
Cold climate
Durability

Soil constraints

Groundwater
constraints

Spills
Slopes

8/9/2013
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Appendix B

Design and Performance Summary Tables

Summary tables
Pavement applications
General pavement
properties
Installation and material
specifications
Permeable pavements
surface cost comparison
Water quality performance
summary
Hydrologic performance
summary

Appendix C
Standards, Specifications, Testing Methods,
Resources and References

Standards, specifications
& testing methods
Pervious concrete
Porous asphalt
Permeable pavers

Appendix D

Glossary
Key words, terms & phrases
Acronyms

18



Thank you!
Questions?

Green Alleys & Historic Streets

Incorporating
Green Infrastructure
in Richmond, VA

Michelle Virts, PE
August 25, 2013

8/9/2013
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Richmond - Background and History

60 sq. miles
Pop: 210,309

Falls of James
River

Stormwater
Utility

Combined
Sewer System

8/9/2013
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Richmond Water Quality Needs

COMPLETE //

$288M
L

ADDITIONAL

035 025
005 039
" J
Legend anchester 014 013 o) 026
anal 024
003 028
002

Proposed CSO Outfall Control

e Proposed CSO Outfall Separation
Proposed Disinfection

[l Wet Weather Treatment (WWT)

Green Infrastructure

4 Multiple benefits:
4 Improve health of James River & streams
4 Improve water quality
4 Support sustainable community

4 Address stormwater & combined sewer

¢ Already in: Chicago, LA, Philly & New York

8/9/2013
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Current Pilot Projects

Case Studies:

8 Green Alleys

8 Street Retrofits
4 Green Roofs

4 School Retrofits

Goals:

4 Reduce Volume
4 Remove N, P

4 Remove Bacteria

Green Alleys

4 Detain up to 10-year storm

4 Pavers looks like historic cobblestone

8/9/2013
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Design Considerations

4 Steep slope

& Several entrances
& Several utilities

4 Lined

& Check dams

Pervious Technology

4 Porous Asphalt
4 Conventional installation equip. used
4 Reliability uncertain in VA climate

4 Pervious Concrete
4 No fine aggregates
4 Larger aggregate - snow plows

4 Permeable Interlocking Concrete
Pavers
4 Freeze-thaw durability
4 Withstand heavy vehicles

8/9/2013
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Typical Paver Cross Section
4 16” depth

4 10 year storm
storage

& No infiltration

& 6” under drain

Typical Alley Cross Section

24



Paver Selection

Richmond Cobblestone  Green Alley Pavers

Pilot Green Alleys

Before After

8/9/2013

25



8/9/2013

Maintenance Needs

¢ Inspection

4 Sweeping

4 Weed Control
4 Litter Control

Are Green Alleys Working?

26



Before

Street Retrofits

& Streetscape After
& Traffic Calming
4 Address Nuisance Flooding

Incentivizing Green Infrastructure - Credits

Single Fam. Residential
& Max credit of 50%
d Calc % area treated

Non-Residential
& Max credit of 50%
& Each BMP earns 20%

8/9/2013
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Questions?

Michelle Virts, PE

Deputy Director

(804) 646-5203
Michelle.virts@richmondgov.com

8/9/2013
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City of Los Angeles
City of Green Angels
Green Alleys & Streets: How are they Working?
The East Cahuenga Corridor Alley Story

an Example of Climate Adaptive Infrastructure

By Carl De la Fuente : BOE — Street & Stormwater Division 8/25/2013

Los Angeles Existing conditions and
Challenges

With a wide spectrum of existing conditions, the City of Los
Angeles envision possibilities for Green Alleys.

The main inquires are what these Green Alleys could do to
benefit L.A.? and what are the specific advantages for SWM.
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Los Anqgeles Infrastructure : Facts

Area : 503 SQ. miles

Alleys : 914 miles

Coastline of L.A: 75 miles
Annual Avg. rainfall : 11” to 13”

Opportunities

Let’s assume if only 20%6 of the ex. 914 miles of alleys

Is converted to green Alleys, what would be the
benefits ?

20% of 914 Miles = 183 miles of GREEN ALLEYS

If 70 gr of oil can be degraded with 1 square meter, then

1 Lb of this material of other contaminants can be
degraded with approx. 70 sf, therefore

In 183 miles of green alleys we could remove approx. 138
Tons of oils, fats, contaminants and other hazards.




Opportunities - cont

Studies have been performed for Green Infrastructure in Los
Angeles based on the average annual rainfall. The study
states that in ¥4 acre of hardscape (permeable pavers area)

we have the potential to collect 100.000 gallons of rainwater !!

Major Benefit

» The increase use of LID (Low Impact Developments) would
result in savings of 74,600 — 152,500 acres-feet of imported
water
In addition Los Angeles could be pumping less water from
distant locations, which means 131,700 — 428,000 MWH of
energy saved per year by 2030. This is the equivalent to
20,000 to 65,000 households

Existing Threats

In March 2008 approx. 40% of L.A County Beaches needed
cleaner polluted runoff to be disposed to the Pacific Ocean.

We have a net Average of 15,000 acres of existing public land
within the City and the County suitable for LID (Green Alleys).

48% of L.A city water supply originates from the Mono and
Owens Valley aqueducts. And at least 30% of all the water used
in L.A is used outdoors.

Los Angeles beaches in average presently have closures between
17 to 21 days per year, specially in the summer.

8/9/2013
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Economical Losses

» According to a report in 2009 of the National Oceanic Economics
Program, the nation’s shoreline-adjacent counties contributed an

estimated of $6.0 Trillion dollars to the GDP and 47 million jobs

In March 2008 approx. 40% of L.A County Beaches needed Los
Angeles / Orange County an study concluded that the public
health cost of the gastrointestinal illnesses caused by poor water

quality was between $21 million and $51 million dollars per year
cleaner polluted runoff to be disposed to the Pacific Ocean.

Economical Losses -2

* We have a net Average of 15,000 acres of existing public land
within the City and the County suitable for LID (Green Alleys).

48% of L.A city water supply originates from the Mono and
Owens Valley aqueducts. And at least 30% of all the water used
in L.A is used outdoors.

Studies and assessment in Public Health threw statistics that
every year between 627,000 to 1.5 million in L.A were exposed
to the danger of gastrointestinal diseases due to polluted
beaches




Looking Ahead with Green
Infrastructure and LID’s

Health pollution concerns for better air quality and much more
comfort to pedestrian oriented communities.

Trade offs of classical approaches of planting trees vs. the
implementation of permeable pavers. A balance of these two
benefits would greatly make Los Angeles one of the most Livable
cities in America.

Increase of water retention per groundwater recharge.

Creation of more sustainable environments and cycles.

Major Limitations for Green Alleys
and LID’s

The City of Los Angeles. Located in Southern California faces
considerable issues of PERMEABILITY, creating challenges to
build green alleys or either LID’s.

Los Angeles being the 2"d largest city in the US has a very complex
network of UTILITIES, which in many cases ( more in the urban
locations and downtown) makes it ineligible for these projects.

Since the present conditions limit these green alleys only as
pedestrian mall, then the conversion of a conventional designated
alley to a green alley has its process, which could be very lengthy
due huge BUREAUCRACIES.

8/9/2013
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The East Cahuenga
Corridor Alley

an Example of Climate Adaptive Infrastructure

The East Cahuenga
Corridor Alley

an Example of Climate Adaptive Infrastructure
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Table of Contents

1.Existing Conditions

2.Pavements Options

3.Drainage Assessment

4.Green Alley Design and Benefits
5.Architectural Hardscape and Modeling

6.Comparative Cost Analysis

Hollywood Alleys Plan 101 FWY

GOWER ST.

HOLLYWOOD BLVD.

SUNSET BLVD

HIGHLAND BLVD.

EAST CAHUENGA
CORRIDOR ALLEY

N

CAHUENGA BLVD

Hollywood Entertainment District

Alley Locations ; =




Existing Conditions

The East Cahuenga Corridor Alley is approximately 485 ft.
long with a width of 15 ft. The alley geometry has a “T” shape,
the north end has two extensions to the adjoining streets of
Cahuenga Blvd. and Cosmo St.

Observations during several field visits documented illegal
improvements performed by adjacent property owners along
the alley strip. The illegal improvements included raised
concrete entrances to back doors, altered flow lines with
localized ponding. In some areas the pavement was
completely cracked and another good segment the broken
concrete surface was covered with deteriorated hardwood with
intensive odors.

Existing
Conditions East Cahuenga Corridor Alley

. Deteriorated or inexistent
concrete pavement

. Nuisance : Odors, lack of
drainage.

. Littering, illegal dumping

. High crime area

. Unincorporated arterial
to the street network

dA1g YONINHYD
1S ONSOD

SELMA AVE.

8/9/2013
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EAST CAHUENGA CORRIDOR ALLEY

Alternatives of
Drainage

&

Pavement Selection
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HYDRAULIC ANALYSIS

10
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LAYOUT OF PROPOSED DRAINAGE SYSTEM

8” PERFORATED PIPE SCH.40
—

15” HDPE

11
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Green Alley Design
&

Benefits
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BENEFITS OF GREEN ALLEYS

- Stormwater Management

- Heat Reduction

- Material Recycling

21



8/9/2013

22



8/9/2013

23



8/9/2013

24



Los
Angeles
a
503 SQ
MILE City

With

914 Miles
of Alleys

And
75 Miles

of Coastal
Beaches

8/9/2013
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Infiltration
Realities of
Los
Angeles

Architectural Hardscape
&
Modeling
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INTERLOCKING PERMEABLE INTERLOCKING

PAVERS PAVERS PAVERS

ALLEY CROSS SECTION WITH PERMEABLE - INTERLOCKING PAVERC
AND FLOW THROUGH SWALE SECTION

30
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PANORAMIC VIEW
OF THE
ECCA

PERSPECTIVE FROM SOUTH EAST CORNER
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PANORAMIC VIEW OF ECC ALLEY

SOUTH ENTRANCE THROUGH SELMA AVE.

8/9/2013

32



MID-ENTRANCE THROUGH CAHUENGA BLVD. WEST SIDE

AERIAL VIEW — WEST ELEVATION

8/9/2013
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NORTH EAST ENTRANCE CLOSE UP

NORTH EAST CORNER PERSPECTIVE
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Construction

Costs
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GREASE
INTERCEPTOR

A8
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EAST CAHUENGA CORRIDOR ALLEY
PROJECT

60



