Practical Planning and Placement of Permeable Pavements
to Maximize Benefits for Climate Change Resiliency Benefits
and much much more...

Stormwater Quality, Storage, & Infiltration — a Diverse Green Infrastructure Option

Presented by
Bethany Eisenberg April 4, 2016



Mainstreaming Permeable Pavement
A "Green Stormwater Infrastructure” Practice

Benefits all the way around
Institutional, Municipal, Private, Transportation, Residential, Recreation

Stormwater Management
MS4 NPDES Permit Compliance
Flood Control — Resiliency — Infrastructure Protection
Water Quality Control

Planning — Sustainable Design

Roadway Design - Green Streets/Green Highways/ Complete Streets
Site Design — Low Impact Development, Green Infrastructure
Watershed - Water Quality/ Quantity - TMDLs — Pollutant Loading
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Pavement is a big deal...
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Reduced Groundwater Recharge

= Reduced stream baseflow

= Reduced water for water supplies, aquifers, uses
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Increased Flooding

It is no longer going in the ground, and...
Increased frequency and volume of rain
TP-40 Rainfall Data superseded, NOAA Atlas 14 — Fall 2015!
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Impacts of Erosion and Sedimentation

Destroys benthic environment
Depth/temperature changes
Species changes
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Source: Cameron Paul



Thermal — Heat Island
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Bottom Line - If you Reduce the Impervious...

Reduces the runoff volume

Decrease flooding

Reduces pollutant loads

Increases recharge (treatment & baseflow)

Reduces heat island effect
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While we have gotten better in our designs,
we still have a lot of pavement to work with...




Permeable Pavements & Pavement Systems

CONCRETE

Figure 1-3
Generic permeable pavement cross-section
Source: © Vanasse Hangen Brustlin, Inc. (VHB)

Permeable pavement/surface layer
Typically asphalt, concrete or pavers

Open-graded base and subbases
Structural and storage layers typically include a
choker course and a reservoir course

Uncompacted soil subgrade



Permeable Pavements are not just pavements...

= Stormwater Quantity —
reduce flooding, stream erosion, CSOs

= Stormwater Quality —
reduce stormwater runoff/pollutant loads

= Groundwater Recharge-
baseflow, tree roots, water table

= Reduce Thermal Impacts-
cools via filtering in ground

= No Water on Surface-
reduce ponding, spray, hydroplaning, ice

. Source: John Kevern, UMKC
= Reduce Salt Use and Ice Build Up

= Preserve Land in Developments
instead of surface stormwater BMPs




Permeable Pavements —Typical Applications

Light use roadways, shoulders
Driveways, sidewalks, bike paths

Parking areas, boat ramps
Recreational surfaces, patios
Interior of greenhouses /other
Pool decks, water parks

Source: Andrew Potts
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Potential Transportation uses.. Roadway shoulders, park and rides =VUhb
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Pervious Concrete
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Permeable Pavers

Source ICPI




How do you select the location and type of
pavement and pavement system?

Structural — pedestrian, event, traffic

Hydrologic — storage, infiltration quality treatment goals, peak reduction
Aesthetic — use of the pavement, surroundings

Protection — runoff, sediment/fine sources

Practical — plowing, recreational uses, loads

Costs — life cycle cost for intended use

Constraints — curing time, utilities, loads, turning movements, soils,
adjacent uses, discharge location, acceptance

Large Scale Planning and Site Specific Planning Critical
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Cost

System materials typically more expensive than traditional concrete or
asphalt
Typ Costs for 2" Asphalt ($2-4/sf), Concrete ($3-5/sf)

Table B-5 Permeable Pavements Surface Cost Comparison

POROUS PAVEMENT TYPE TYPICAL INSTALLED COST TYPICAL COST RANGE ($/5F)
($/SF)

Porous Asphalt (5 cm [2 in] surface $6.00 $4.00-$8.00

course, 7.62 cm [3 in.] ATPB)

Pervious Concrete (6 in.) $8.00* $6.00 - $10.00

Interlocking Permeable Pavers & Rigid (small hand installation) $10.00 - $20.00

Open Cell Pavers $13.00

(including 5 cm [2in] bedding layer) (large mechanical installation) $5.00 - $10.00
$6.50

Open Cell/Grid Paving Systems $7.00 $5.00-59.00

Proprietary Porous Pavement Products Vary by manufacturer

Note: Based on 17 actual bids with unit materials costs for permeable pavements (excluding open celled/grid lattice) from projects
2011-2013. General Estimates for installed permeable pavement surfaces with no sub-surface storage. Prices vary greatly with
pavement depth, base/subbase and drainage variations.

*Estimate provided by National Ready Mix Concrete Association 2013

Source: CH2M Hill, 2013

Source: ASCE Permeable Pavements Book 2015
Cost benefits may be realized through stormwater management savings



Select your materials based on your needs




Town Example — Quick Analysis — Winchester, MA

Tow n of Winchester, MA

(Values Shown are approximate)
Town of Winchester Total Ai&8B2 Acres
Total Impervious ArekR25 Acres (30.39%)

:] Impervious Area



Town Example — Quick Analysis — Winchester, MA

Tow n of Winchester, MA

(Values shown are approximate)

Town of Winchester Total Ai&8B2 Acres
Total Impervious ArekR25 Acres (30.39%)

25.3 Acres

Percent of Impervious Area [ | tmpervious Area
Municipalypwned: =

Municipal Owned



Campus Example -
Auburn University Watersheds

LA

.:":'.I!I‘-
I

Team: jB+a inc.; Nelson, Byrd, Woltz LA, VHB. Krebs




Auburn University
Zones of Density, Imperviousness and Uses
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Team: jB+a inc; Nelson, Byrd, Woltz LA, VHB. Krebs



Auburn University Landscape Master Plan
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AUBURN UNIVERSITY, ALABAMA

~x STORMWATER MANAGEMENT- PRELIMINARY BEST MANAGEMENT PRACTICE IDEAS

Team: jB+a inc.; Nelson, Byrd, Woltz LA, VHB. Krebs
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Bioretention

Stream Daylighting

Surface Detention Basin

Permeable Pavement Parking

Green Roof
Stormwater Wetland

Underground Detention




Permeable Pavement Potential Locations —

Large Applications in Orange

0, —

Bioretention

Stream Daylighting

Surface Detention Basin

Permeable Pavement Parking

Green Roof

Stormwater Wetland

Underground Detention

Riparian Buffer
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Turner Field Atlanta :ICPI
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Permeable Pavement Potential Locations —
Smaller Innovative Retrofits
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Select Your Materials Considering Aesthetics -
Elements of Newport into Green Infrastructure
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Urban Streetscape Example
Planning - Thames Street, Newport, RI

Working Permeable Pavement /stormwater management into their Streetscape Concept

Goals

Pedestrian safety
Traffic calming
Aesthetics
Stormwater quality
Stormwater quantity
Historical

Tight Space Options
Planters and window boxes
Green walls (vines/arbors)
Small Bioretention

Permeable pavements
Subsurface stormwater reservoirs









Urban suitability?
Boston Porous Alley Demonstration Project
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Site Selection — Not so easy in Boston
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Poor Existing Pavement
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Basements
Dumpster Access
Sediment Control
Materials Staging
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Geotechnical Information
Borings and Permeability Information
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During Preliminary Design Phase
City of Boston & CRWA — Outreach to Community

Project Purpose — reduce CSOs, recharge groundwater, reduce pollutant discharge
Project limits — Porous alley is within the City owned Right of Way.

Parking — City Effectively worked out Alternative parking plans

Dumpster - Temporarily relocated to one end of alley

Dust Control - the contractor was required to complete continual dust control
with water during construction

Noise — Construction activities weekdays 7:30 AM to 3 PM

Safety - Contractor responsible for securing the entire site during work and non-work hours
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208 West Canron Street Condominium
Wamdé , Pamel 704

Source: VHB, Inc.

4,820 s.f. drainage Area (100% IC)
b 560 s.f. permeable pavement section
e 425 cu.ft. storage

(1,064 cubic feet aggregate reservoir with void ratio of 0.4)

West Canton Street



In the City...All about the Utilities

8/20/2014

Photo source: Keville
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Finish Day

Source: Keville.



Offices located throughout the east coast



Permeable Pavements Book and Design
and Construction Resources

@ Information Saries 131

PERMEABLE INTERLOCKING
CONCRETE PAVEMENTS

Hydrologic

% = Porous Asphalt
Pavements

@ for Stormwater

Permeable °
Pavements

Design

of Pervious

Concrete Management _—_

Design,
and Maintenance Guide

Parmcabla Pavements Fask Committee
Bethany Eisenberg, Lee ap
Kelly Collins Lindow, e
David R. Smith

Ce<ign * Spechicatons « Consty * Malnterance

ASCE &

=tUhb
Permeable Pavements Checklist

Recommendations for Permeable Pavement Construction Procedures

] Completed Soils Testing

. Varify that soils tests indicated in the specifications have been completed. Note any changes to
proposed use, materials or design that may have been made or need to be made as a result of tha
specified soils tests,

O

[1 conducted Pre-construction Meeting

[] a Asoutlined in Ci Design Ce Ci toAll
Permeable Pavements, confirm that specifications are clear and review each of the iterns listad
below with emphasis in materials testing, avoiding unspecified soil compaction to the subgrade,
and properinstallation of erosion and sediment control per Best Management Practices.

[1  site Inspection Prior to Installation
[] = Sitewalk—Walk through the site with project engineer, geotechnical enginear and builder/
contractor/subcontractor ta review erosion and sediment contral plan,fstormwater pollution




ASCE Environmental Water Resources Institute -
Permeable Pavements Technical Committee — Design Manual

= Academic

= Industry

= Private Sector
= Public Sector

= Designers,
researchers, users,
evaluators, vendors

<{hb



Fact Sheet Examples

Permeable Pavements

Porous Asphalt Fact Sheet

DESCRIPTI

Porous asphal
surface underd
courszanda Permeable Pavements
allow for stom|
as wiell as astr|

bed depthisH
and fostdep] ervious Concrete Fact Sheet
systems are ug

Permeable Pavements

Grid Pavement Fact Sheet

to fedlitate infl
and linerif ned DESCRIPTION
Pervious concrete consists of 3 hydraulic cementitious binding system combined with an open-grad
aggregate to produce a rigid, durable pavemnent. This pavement typically has a 15% to 25% intercon)
APPLICATK void space that all pid infiltration of tothe ing soil and./or
Owerflow Parl
Primary Parki
[most heavily]
Sidewalks/Fal
Drive/Aisles
Roads/High
Accass Drives| Pervious concrete in San Diego County, CA Pervious concrete in Seattle, WA
Source: Andrew Potts, CHEM HILL Source: Amy Rows
Loexiifny Aves APPLICATIONS
| rommarevcmon e |
Overflow Parking Yes
Primary Parking Areas T
{most heavily used) =
Sidewalks/Pathways Yes
Drive/Aisles Yes
T e Limited Mot yet recommended for highway use ir|

United States

Accass Drives/Ring Roads Yes

Tendency to ravel and deteriorate under

Loading Area Limited
TS i turning loads

T Limited Tendency to ravel and deteriorate under

turning loads

DESCRIPTION
Grid pavements arg
open-—celled paving
penetrate their ent|
accommaodate ago)
and plastic grids ar|
loading application|
over a dense-gradg
of grids are often uj
and parking/drive |
anatural turf appey
a5 well as where hid
expected. In some
within the grid op4
basa are used with|
stormuwater storag

APPLICATIONS

Overflow Parking

Primary Parking A1
{most heavily used

Drive/Aisles
Roads/Highways

Access Drives/Ring

Loading Areas

Frequent Truck Tra|

Source: VHB

Permeable Pavements

Permeable Interlocking Concrete Pavement (PICP) Fact Sheet

DESCRIPTION

Permeable interlocking concrete pavement (PICP}
«consists of manufactured concrete units that reduce
stormwater runoff volume, rate, and pellutants. The
impervious units are designed with small
permeable joints. The openings typically comprise
5% to 15% of the paver surface area and are fillad
with highly permeable, small-sized aggregate. The
jeints allow stormwater to flow into a crushed stone
aggregate bedding layer and base/subbase that
support the pavers, while providing water storage
as well as runoff quantity and quality treatment.
PICP is visually attractive, durable, easily repaired,
requires low maintenance, and can withstand heavy
wvehicle loads.

APPLICATIONS
[ roromasnseucanon e
Overflow Parking Yes
Primary Parking Areas Yes
[most heavily used)
Sidewalks/Pathways Yes
Drive/Aisles Yes
Roads/Highways Limited Can be used for shoulders, rest areas, etc. up to

design load repetition limitations

Access Drives/Ring Roads Yes Up to design load repetition limitations

Loading Areas Yes Up to design load repetition limitations

Frequent Truck Traffic Yes Up to design load repetition limitations

Vanasse Hangen Brustlin, Inc. 2014




Chapters 2 to 6: Outlines for Specifications

Permeable Pavements

Recommended Outline for Specifications:
Permeable Interlocking Concrete Pavement (PICP) System

PART 1—GENERAL
1.01 Summary
A. Scopeofwork

This work consists of a permeable interlocking concrete pavement system for stormwater management 0
* Sustajng,
bl

and includes: & Sitec. ith
St ey Dr:: Coleuistion g, deen
1. Excavation Wotar %”"Etwn,,,,a"q‘
) R BB areg I i
2. Geotextile 2 Matery, "9 use, 00 12 e, ma""g""‘enranq
als a ONistrate o
. . - Tesony, Watey .
3. Subbase of large aggregate for water storage and infiltration i;:;f;":"’ge m: ntati r‘a"'“ssmrimgwon
Bonts, a3 oy, . anclipy.
d " @
4. Base of small aggregate for water storage 1.03 C’uali(,As NSty ,,,jﬁ,"””ﬂnssoug,g"”“ftmx/omm st
Slirg =Molit Tz Ptimi,

] A ance tioey Miateris, izt

5. Bedding course of smaller aggregate for the concrete pavers — - 1315 ancifo. n=n';7n
Protect; ing; )
- - s e o
6. Concrete pavers with openings and/or joints “ ¥0Ce. Riepye, the picp St congyn
& L e = e T T

7. Joint and/or opening aggregate to fill the concrete paver openings and/or joints = T3 gy, s g Entitie y ”""GME,,.,:Q‘" TS fir,

i ) ) o . * PICP 5y “UPErintepcg, B
8. Assodated drainage inlets, outlets, monitoring well{s) and piping P mbmmrano,m . 3 the g rence, Fatioey

Paving yp: B
B. Related sections + TEst]ng abor, mtmanulanu,s,. =

1. Section to be filled by Engineer. Concrete curbs

'S CoNtrgey,
lisky O Shal suytmy
1.02 Submittals ['m"gs"a‘”chnwyl Mt iy o,
’:;s:mn,u,, ofBicy e Bty PN .
) . . - ile. § comy . Const nam, oject g
A.  Product data: Submit manufacturer’s descriptive data for geotextile. Submit concrete paver "%rmimz/fmd"'ema o operay. - TPIOyer, it Dlineer,

- e, copr s PR for
manufacturer’s descriptive data for the concrete pavers. #tory pra o, m“’"sufp)cpsha "'"Dﬂftrin,n, ap_""’fa/,n,“
ruch ieti M Nt by Mation, iy

B. Materials

1. Four {4} representative full-size samples of each concrete paver type, thickness, color and finish.

Submit samples indicating the range of color in the finished installation.

2. Laboratory test reports indicating compliance of the concrete pavers with ASTM (936 including a
minimum average compressive strength of 55 MPa (8,000 psi) and average absorption o greater
than 5% when tested according ASTM C140 or C5A AZ231.1.

W

Minimurm 1.4 kg (3 Ib) zamples of aggregates used in the subbase, base, bedding course, and in
the comcrete paver openings and/or joints.

4. Sieve analysis per AASHTO T-27 indicating compliance with specified gradations of the aggregates
used in the subbase, base, bedding course, and in the concrete paver openings and/or joints.

Source: VHB
Vanasse Hangen Brustlin, Inc. 2014




Chapter 8: Maintenance Checklists

enance
Permeable Pavements

CHECKLIST3 ™
Annual Permeable Pavements Inspection

O 1. RUN-ON/TRACK-N

Check all areas around permeabls [perin for signs of sediment rnun-on or sediments
tracked in from adjacent properties or roads.

m] Mitigation action: Implement mitigation methods appropriate to reduce runoff or tracked
in sediments.

O 2. VEGETATION/S5OILS/SLOPES

Inspect vegetation around permeable pavemnent perimeter for coverage, quality and soil stability,
especially areas that slope towards the pavement.

m] Mitigation action: Stabilize all soils and replant grass or groundcower as needed. Ground covers
are typically preferred over mulch. Replace dead or unhealthy vegetation intended for
stabilization. Incorporate compaost amendmenits into soils that will be re-vegetated to assist with
moisture retention, germination and/or long-term health. If possible, relocate soil stockpdles to
impervious pavements. Otherwise, cover stockpile and place barrier between permeable
pavements and stockpiles.

Inspect for presence of uni ded vegetation, which can affect infiltration and indicate
excess sediment accumulation in voids.

O Mitigation action: Vegetation should be removed manually. Avoid use of herbicides, which
«can be transported into unintended environments (e.g. subsoil, groundwater or surface waters
via discharge).

Inspect grid pavements for grass coverage, soil or aggregate erosion, scour and unwanted growth.

O Mitigation action: Replenish lost soil or aggregate. Re-seed bare soil areas as needed. Fertilize
grass in the spring and fall. Limit applicaticns if unoff may carry nutrients into nearby waters.

O 3. ORGANIC MATTER BUILD UP

Inspect for any excessive build up of organic materials or other debris (fallen tree leaves, mulch
from adjacent areas, et

[m] Mitigation action: Sweep up affected areas and consider ive methods of 1 cover’
mulching, or adjust slopes to reduce pavement buildup.

O 4. UNDERDRAINS/OUTFALLS/MONITORING WELLS/CLEAN OUTS

Check that underdrains, outfalls and other flow paths allow for unobstructed water flow . Check
monitoring wells inspection parts) for standing water levels following a major storm.

] Mitigation action: Address clogged pipes via cleanouts. Clean outfalls and remaove any
obstructions. Recheck monitoring wells for adequate storage recovery.

Thisi fon is 2 suggested 2 jdered an exhaustive or complete list of all tems
that shaukd be reviewsd. Acice ard directs icnalin the far s
application of any and all matesialincludsd in this report.

=t} ‘Sowrce: & Yarezse Hangen Brusthin, Inc. (VHE)

a nance
Permesble Pavements

CHECKLIST 4 &
Annual Permeable Pavements Maintenance
O 1. VACUUM SWEEPING:2 TIMES ANNUALLY (SPRING/FALL)

Oa vacuuming scheduls per ssdiment
Ioading anelor sand depasits (2., following wintsr maintenance).

O 2. WINTER MAINTENANCE

O a plowor urface ice. Sand should
not i due pplying deicing
‘materials to permeable pavements should be sither avaided or done so on a limited basis since

studies have shown that permeable paverents require 75% less salt than conventional

ason b

discharged via underdrains

O b P i ASTM No. 8stane
(or similar jointing material) should be used.

Oc

andresult in disintegration or spalling af the surface, particularly if used over a newer appiication.
. i .

used on a limited basis on alder installations.

O 3. TESTING FOR PERMEABILITY AND REHABILITATION FOR PERMEABLE PAVEMENTS

Oa

STM C1701 orC 1781 for mi ically 250 monhw [10in/hl) Perform

g por
O b ng
equipment material
i pressure water systems or ir
units, unless part of a specific rshabilitation process.

O e jointswit e,
od

ASTM C1701 with a minimally acceptable rate of 250 mmvhr (10 in ).

O 4. REPAIRS TO CRACKS OR DEPRESSIONS

O a e
ith a vi imil mixture. i repai
ph per
concrete can
eracked
Da not cover mare than 10% per

conventianal paving materials.

Source: & Varsze Hangen Brustin, nc. (FB)

Source: VHB
Vanasse Hangen Brustlin, Inc. 2014
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