
Welcome 

“It is every man’s obligation 
to put back into the world at 
least the equivalent of what 
he takes out of it.” 
 
              Albert Einstein 



  Brendan Tyson 
Unilock New York, Inc. 

Welcome to Permeable Pavers 



Stormwater Management 

• Current News & Changing Standards 



 







 





 



The Future 

• Perhaps the country’s leading example of the planned 
adoption of green infrastructure at a significant scale is the 
city of Philadelphia.  Under a formal plan to meet Clean 
Water Act requirements, approved by  Pennsylvania 
environmental regulators in June of this year, the city has 
now agreed to transform at least one-third of the 
impervious areas served by its sewer system into “greened 
acres” -- spaces that use green infrastructure to infiltrate, 
or otherwise collect, the first inch of runoff from any 
storm.  My colleague Larry Levine, who has been working 
with the city, says that amounts to keeping 80-90% of 
annual rainfall from these areas out of the Philadelphia’s 
over-burdened sewer system.  
 



Green Streets-Green Jobs-Green Towns Grants 
Available to Improve Chesapeake Bay Water Quality 

• (ANNAPOLIS, Md. – February 8, 2012) Today the Chesapeake Bay Trust, U.S. Environmental Protection Agency, and the state of Maryland unveiled an expanded Green Streets-Green Jobs-Green Towns grant 
initiative to help cities and towns in the Chesapeake Bay watershed accelerate greening efforts that improve watershed protection, community livability, and economic vitality. Building on the success of the initial 
round of grants, this public-private partnership will award more than $400,000 in 2012, double the funding from 2011. 
 
“To meet tomorrow’s challenges, we need to apply cost-effective solutions for improving the health of the Chesapeake Bay watershed and the economy of our communities,” said EPA Regional Administrator 
Shawn M. Garvin. “Green streets and green infrastructure are investments that create jobs and save money while also providing multiple environmental and quality of life benefits. By helping towns accelerate 
their local greening efforts, we’re moving ahead in creating an America built to last.”  
 
At a roundtable meeting today in Forest Heights, Md., Garvin heard from a group of mayors whose towns were Green Streets-Green Jobs grant recipients last year. The mayors discussed best practices and lessons 
learned in developing green infrastructure and green streets, focusing on economic development, energy efficiency and building sustainable communities.  
 
The grant program is open to local governments and non-profit organizations in urban and suburban watersheds in the Chesapeake Bay region of Maryland, D.C., Delaware, Pennsylvania, Virginia and West Virginia 
who are interested in pursuing green streets, green infrastructure, and green jobs as part of their community or watershed planning.  
 
Grant assistance up to $35,000 is available for infrastructure project planning and design, and up to $100,000 for implementation and construction. The strongest proposals will incorporate innovative green 
infrastructure and best management practices that maximize cost-effectiveness.  
 
Projects selected will enhance sustainable watershed protection and green infrastructure stormwater management through low impact development practices, renewable energy use, local livability and green job 
creation. The request for proposals is available at www.cbtrust.org with a deadline of March 9, 2012 for all applications. 
 
“Many small to mid-sized communities around the Chesapeake Bay watershed are looking for ways to boost local economies while also protecting water resources and expand greening efforts,” said Allen Hance, 
executive director of the Chesapeake Bay Trust. “Building green streets and urban green infrastructure projects marry three important issues that these towns face: jobs, livability, and the environment.” 
 
In April 2011, the Chesapeake Bay Trust announced the first-ever grant recipients of this Green Streets-Green Jobs partnership. In total, 10 cities and towns were awarded $25,000-$35,000 grants to fund the 
planning and design of green infrastructure projects within the Chesapeake Bay and Anacostia watersheds. 
 
“We have seen demand for green infrastructure funding accelerate as more and more jurisdictions understand the connection between green development and economic improvement,” said John R. Griffin, 
secretary of Maryland’s Department of Natural Resources. “These projects will stimulate the green jobs market and enable families to work where they live and play while also empowering communities to gain 
better access to restoration resources that support Chesapeake Bay protection.” 
 
The Green Streets-Green Jobs-Green Towns Initiative, administered by the Chesapeake Bay Trust, supports President Obama’s Executive Order for Protecting and Restoring the Chesapeake Bay through the 
creation of “green streets.” 
 
The Chesapeake Bay Green Streets- Green Jobs-Green Towns Academy will also host a webinar: “Tools for Greening Chesapeake Bay Communities” 1:00 – 2:30 p.m. Wednesday, February 15. To register visit 
http://mp118885.cdn.mediaplatform.com/118885/ml/mp/4000/5345/5417/12575/Lobby/default.htm.  
 
For more information on the Green Streets grant program please visit cbtrust.org. 
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DEP Awards $2.6 Million for Green Infrastructure Projects 

Five Awardees Selected for their Innovative Methods to Manage Stormwater Runoff 

Environmental Protection Commissioner Cas Holloway today announced the winners of the Flushing and Gowanus 

Green Infrastructure Grant Initiative. The five winning applicants were awarded a total of $2.6 million to implement 

innovative green infrastructure projects to manage and capture stormwater runoff during wet weather in order 

improve harbor water quality. The grant program – announced in December 2009 – selected the applications most 

likely to succeed and be replicated on a large scale as the City develops its plan to reduce combined sewer 

overflows, which occur when combined stormwater and wastewater is diverted into New York City's surrounding 

waterways during heavy storms. 

"Mayor Bloomberg is making unprecedented investments to reduce combined sewer overflows and improve our 

harbor water quality, now at its best in 100 years," said Commissioner Holloway. "Traditional grey infrastructure 

investments like holding tanks have gotten us far, but a successful strategy must include green infrastructure 

projects that capture stormwater at the source, and at the same time beautify our communities and improve New 

Yorkers' daily quality of life. The projects we are funding with these grants will test promising techniques to capture 

stormwater and green the Cityscape, and we hope to use them as models throughout the five boroughs. 

Congratulations to all of the grant winners for making great proposals, and working with us to build a more 

sustainable city." 



 



About Unilock 

• 40 years ago Unilock introduced the paving stone to 
North America. 

• Product Innovations and the advancement of design 
technology has been our focus over the years.  

• 20 years ago Unilock began producing permeable 
paving stones.  Since then, over 12 million feet 
have been produced and installed.  All in snow belt 
states. 

• Local Manufacturing in Brewster, NY and 
Uxbridge, MA. 



Designed for Heavy Duty Use 

About Concrete Pavers 



Howland Hook       Port of New York / New Jersey 



Aesthetic, Heavy-duty and Functional 

About Concrete Pavers 



Eco- Optiloc    Couch Place    Chicago, IL 



 



 Surface Runoff and  
 Stormwater Management 

 The Problem: 



Nature and Development   



The Issues: Flooding 

Don River at Bloor Street, May 12th, 2000 



The Issue: Water quality 

Mouth of Humber River, Toronto Waterfront 



The Issues: 

Erosion and Loss of Aquatic Habitat 

Rouge River and Humber River, Greater Toronto Area 



The Solution: 
 

Water Balance Control 
“treatment train” 

Source Controls 

“End of Pipe” Controls 

Conveyance Controls 





Isolated 
acreage 

Dense 
pavement 

Culvert 
Outlet 
structure 

Traditional Runoff Treatment 



One Solution 

Permeable Interlocking  
Concrete Pavers 



Permeable Pavements 



 Reduces Surface Runoff 
 Lessens or eliminates downstream flooding, stream bed 

and bank erosion, and mitigates pollution impact on 
surrounding surface waters 

 On Site Water Use 
 Longer Lived Trees 
 Rainwater Harvesting  
 Preservation of Native Ecosystems 

 Decreases Pollution From Runoff 
 Cleaner Water 

 Reduction In Size Of Detention Ponds 
 Reduces or eliminates drainage and retention systems 

required by impermeable pavements 
 Permits better land-use planning, allowing more efficient 

use of available land for greater economic value. 
 Reduces cost of compliance with many stormwater 

regulatory requirements 

Permeable Pavements Benefits 



• Reduction 
impervious 
coverage 

• Increases saleable 
space 

• Slows first flush 
erosion effects 

Reduced Detention Pond Size 



Permeable Pavement Facts 

 Considered a structural Best Management Practice 
(BMP) by the EPA’s National Pollutant Discharge 
Elimination System (NPDES).   
 http://cfpub.epa.gov/npdes/stormwater/menuofbmps/ 

 
 Reduction of runoff and runoff temperature, improved 

water quality and detention storage in aggregate base.   
 

 Conservative long-term design runoff coefficient of 0.15 
to 0.35 and typically has a long-term infiltration rate of 
approximately 4 in/hour.  



Base reservoir sized 
for 100-year storm 

375 parking stalls: 
3 acres of pavement 

Systematic Solution 



Raised inlet forces infiltration 

Vegetated 
swale

Systematic Solution 



Thick, diverse 
vegetation 

Curb cuts  
for overflow 

BioSwales 

On Site Water Use 

Current 

Innovative 



Pavement base enlarges rooting zone 

Systematic Solution 



Cost Analysis 
Autumn Trails 

(ICPI 2007) 



     Costs | Autumn Trails, Moline, IL 2006 

39,000 SqFt Road 
PICP 

Cost per sf 
$10.95 
No storm 
Sewers 
Concrete 

$15.00 
With storm 
Sewers 

Asphalt 
$11.50 
With storm 
sewers 



Eco-Optiloc   Commonwealth Engineers & Consultants 
Wyoming, RI 



New ProjectNew Project
Current Asphalt & Storm Drainage Design

Item Qty (SF) Price Price/SF

Detention System 202,000 1,000,000$             4.95$         firm

Sub base for Asphalt 202,000 189,880$                0.94$         estimated

Asphalt binder course - 2.5" 202,000 331,280$                1.64$         estimated

Asphalt top course - 1.5" 202,000 169,680169,680$                0.84$         estimated

Total & Average 202,000 1,690,840$             8.37$         $         

Permeable Paver Design

Item Qty (SF) Price Price/SF

Import stone, place & compact 202,000 460,560$                2.28$         

Pavers 202,000 462,580$                2.29$         

Freight (pavers) 202,000 66,660$                   0.33$         

Install pavers 202,000 808,000$                4.00$         

Total & Average 202,000 1,797,800$             8.90$         $         

Hybrid  Design - 40% Asphalt & 60% PICP

Item Qty (SF) Price Price/SF

Import stone, place & compact 121,000 275,880$                2.28$         

Pavers 121,000 277,090$                2.29$         

Freight (pavers) 121,000 39,930$                   0.33$         

Install pavers 121,000 484,000$                4.00$         

Sub base for Asphalt 81,000 76,140$                   0.94$         

Asphalt binder course - 2.5" 81,000 132,840$                1.64$         

Asphalt top course - 1.5" 81,000 68,040$                   0.84$         

Total & Average 202,000 1,353,920$             6.70$         $         Savings 336,920$           



Typical Applications 
 
 1980’s : $8 - $12 per square foot 
 Today : $4 - $12 per square foot 
 
Typical New England 25-100 space lot: $5.50 - $9.00 SqFt 
 

Morton Arboretum- $3.45 SqFt [paver & labor] 
 173,000 + 
Lower Cascades Park - $4.81 SqFt  
 [with aggregate base- $7.06 SqFt] 
  

Economics 



The Design Process 

Stormwater Management 



• Choose the right  SYSTEM 

• Design the  SYSTEM 

 PCSWMM 

 LOCKPAVE PRO 

• Install the entire  SYSTEM 

• Maintain the   SYSTEM 

To make a successful pavement 





Narrow range of particle sizes with 
little or no fines 
 Open voids between particles 
 30-40% porosity 
 Well drained 
 No dust 
 

Particles large enough to leave 
clearly open voids 

Permeability 1,000 in/hr+
 Forget sand bed & joint fill! 

Open-graded Aggregate 

Single Sized 

Rule of thumb: 2 ½” to 3” of base stores 
approximately 1” of water for 24 hours. 



PICP Typical Section 



Typical open-graded specifications: 
• ASTM No. 57 1/2”-1” 

 

Multi-functional layer: 
• Adds structural thickness over subgrade 
• Particle-to-particle interlock is stable 
• Non-Frost susceptible material 
• Stores & transmits water  

        (“base reservoir”) 

Base-reservoir Aggregate 



Typical open-graded specifications: 
• ASTM No. 8 or No. 9 1/4”-3/8” 

 

Versatility: 
• These make setting bed 

adequately level 
• They fill 11/2-2” joint openings 
• They meet filter criteria over     

No. 57 or CA-7 base 
• Non-Frost susceptible 

Setting Bed & Joint Fill 



• It doesn’t work on clay soil 
 Design additional systems to remove water 
• It always fails because sub-grade is wet & soft 
 Proper drainage design alleviates water 
• It always gets clogged and fails quickly 
 Maintenance is crucial to the SYSTEM 
• It costs too much 
 Overall development cost is often lower 
• There is no experience with it in my region
 Unilock Consultants show similar New England success 
• It can’t be snow plowed 
 See next slide 

Permeable Paving Myths 



Permeable Paver Evolution 



2” openings 

1/8” joints 

Complex interlock 

Surface pads 

Uni Eco-Stone 



11/4” openings 

1/8” joints 

Very complex interlock 

Ecoloc 



Eco-Optiloc Layer 

Very complex interlock 



US Cellular Field 

Lot 
L 



U.S. Cellular Field Lot L 

Large Permeable Parking 

Largest Permeable Lot in the US at 265,000 sf 



Large Permeable Parking 

Traditional parking 

lot design 

• 44 inlets/CB 

• over 3,000 linear 

feet of RCP 

• 73,100 cubic feet 

underground 

storage tank 

• approx. $2 million 

in underground 

infrastructure 

Courtesy of Site Design Group/EDI 



Large Permeable Parking 

Permeable paver 

parking lot design 

• no inlets 

• no RCP or 

underdrain 

• no underground 

storage tank 

• up to 7” per hour of 

infiltration into 

subgrade 

• 15% savings vs. 

traditional 
Courtesy of Site Design Group 



Large Permeable Parking 

Storage capacity: 

265,000 sf of paving 

x 14” of base aggregate 

x 40% aggregate void space 

= 123,667 cu.ft. storage 

• 73,100 cu.ft. required 

• 50,567 cu.ft. surplus storage 

 



   2009:  Introducing…...Eco-Priora™ 

Complex interlock



Knowlton Street 



Knowlton Street 



Knowlton Street 



Knowlton Street 



Knowlton Street 



Brooklyn Navy Yards 



Brooklyn Navy Yard 



Brooklyn Navy Yard 



Brooklyn Navy Yard 



DANBURY AIRPORT PLAZA 
 



DANBURY AIRPORT PLAZA 
 



Permeable Pedestrian Plaza 
Buckingham Fountain 

Largest Permeable Plaza in the US at 235,000 sf 



Town Hall 

2012 New products 



Thornbury 

2012 New products 



Infiltration Rates 

Open surface area: varies with paver 
  Eco-Stone - 12% 

Eco-Optiloc – 11%
  Eco-Priora – 7-11%, varies with pattern 
Required infiltration rate of openings: 
  Design storm, in. per. hr. / 0.12  
     Example: 4 in. per. hr. / 0.12  
     Required infiltration rate = 33 in. per. hr. 
Infiltration rate of stone in openings:  
  Typically 300 to 500 in. per. hr. 
With a 10% lifetime efficiency:  
  30 to 50 in. per. hr. 



Snow Removal Ease of Maintenance 



      Freezing Climate Research 

 “Frost heave in permeable pavements equal to or less than 
the impermeable pavement”  

 Safety in the winter- typical pavement puddles, freezes, ice 
builds up. Periodic melt enters pavement. 

 Air in pavement insulates the ground, delays freezing, 
decreases frost heave damage 

 “Porous pavement was more resistant to freezing than 
conventional impermeable pavement due to higher water 
content in the underlying soil which increased the ground’s 
latent heat” – Backstrom 

 Air released from pavement helps melt frost 
 Beveled edge of pavers allow smooth passing of plow blade.  
 High density concrete unaffected by de-icing salts. 

 



Incorrect joint material 

Do not use sand! 

System Performance 

 



Correct joint material 

Use only crushed, angular stone without fines. 

System Performance 

 



 Permeability Restoration if needed 

Ease of Maintenance 

Good: Sweep 

Best: Vacuum  

*Permeability 
restoration proven 
ineffective on 
pervious concrete or 
porous asphalt 



Lack of Maintanence 



• Reduces runoff. 
• Maximizes groundwater recharge and/or 

storage. 
• Allows for better land use. 
• Filters pollutants. 
• May decrease project costs. 
• Greater strength, expected life & 

aesthetics over alternative choices. 
• Provides significant reduction in % of 

impervious cover. 
• Minimizes stress & impacts on existing 

storm sewer systems. 

Features & Benefits 



• 20 Years –  Over12mm sq. ft 
• Proven success 
• Numerous Benefits 
• Educate yourself or you will miss 

opportunities at all levels. 
• Use Unilock as a resource. 

Summary 



Questions? 


