IMPLEMENTING GREENROADS
DESIGN CRITERIA INTO URBAN
ROADWAY PROJECTS

- Presented by Resource International, Inc.



Presentation Objectives

m Case studies examined by Greenroads standards
and Sustainable Solutions by Implementation of
Greenroads Criteria:

m Justice Drive Reconstruction, City of Lebanon, Ohio

m Columbus Street Reconstruction, Village of Canal
Winchester, Ohio

m Colorado Springs TBTRA Street Surface Analysis,
Colorado

m Ohio Turnpike Reconstruction, Ohio Turnpike
Commission
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What are “Greenroads’®

m So, what is a Greenroad?
m A Greenroad is defined as a roadway project that has been designed and constructed to
a level of sustainability that is substantially higher than current common practice.

m More on Greenroads:

m Greenroads is a sustainability performance metric for roadways that awards points for
more sustainable practices. These best practices are divided into two types: mandatory
and voluntary.

m Mandatory best practices must be done as a minimum in order for a roadway to be
considered a Greenroad.

m Voluntary best practices may optionally be included in a roadway project.

m Greenroads Developers:

m Greenroads is a research project that is working towards general implementation and
use. It is being developed jointly by the University of Washington (UW) and CH2M HILL.
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Greenroads: Transportation

m Transportation project decisions can incorporate
sustainable solutions:
m Reduce energy consumption
m Decrease consumption of material resources
m Lessen impacts to environmental resources
m Support healthy urban communities

m Support sustainability during implementation:
m Support local economic, resource and management needs
m Reduce environmental and community impacts
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Certification Levels
—

Version 1.5: 108 Voluntary Credit Points

Greenroads Greenroads Greenroads Greenroads
certified certified certified certified
SILVER EVERGREEN

32-42 points 43-54 points 55-63 points 64+ points
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Greenroads Criteria
S

Project Requirements (PR)

(all requwed)

Environment & Water (EW) 8 21
Access & Equity (AE) 9 30
Construction Activities (CA) 8 14
Materials & Resources (MR) 6 23
Pavement Technologies (PT) 6 20
Custom Credit (CC) --- 10
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Greenroads Criteria
5

Project Requirements (PR) I [ [ Construction Activities (CA) T I
4 Y N ?

PR Subtotal: 11Req'd Y N ? CA Subtotal: 1
PR-1 Environmental Review Process Req CA-1 Quality Management System 2
PR-2 Lifecycle Cost Analysis Req CA-2 Environmental Training 1
PR-3 Lifecycle Inventory Req CA-3 Site Recycling Plan 1
PR-4 Quality Control Plan Req CA-4 Fossil Fuel Reduction 1-2
PR-5 Noise Mitigation Plan Req CA-5 Equipment Emission Reduction 1-2
PR-6 Waste Management Plan Req CA-6 Paving Emission Reduction 1
PR-7  Pollution Prevention Plan Req CA-7 Water Use Tracking 2
PR-8 Low-Impact Development Req CA-8 Contractor Warranty 3
PR-9 Pavement Management System Req
PR-10 Site Maintenance Plan Req
PR-11 Educational Outreach Req MR Subtotal: 23 ¥ N ?
MR-1 Lifecycle Assessment 2
MR-2 Pavement Reuse 4-5
EW Subtotal: 21 Y N ? MR-3 Earthwork Balance 1
EW-1 Environmental Management System 2 MR-4 Recycled Materials 1-5
EW-2 Runoff Flow Control 1-3 MR-5 Regional Materials 1-5
EW-3 Runoff Quality 1-3 MR-6 Energy Efficiency 5
EW-4 Stormwater Cost Analysis 1
EW-5 Site Vegetation 1-3
EW-6 Habitat Restoration 3 PT Subtotal: 20 ¥ N ?
EW-7 Ecological Connectivity -3 PT-1 Long-Life Pavement 5
EW-8 Light Pollution 3 PT-2 Permeable Pavement -
PT-3  Warm Mix Asphalt 3
PT-4  Cool Pavement 5
AE Subtotal: 30 Y N ? PT-5 Quiet Pavement 2-3
AE-1 Safety Audit 1-2 PT-6  Pavement Performance Tracking 1
AE-2 Intelligent Transportation Systems 2-5
AE-3  Context Sensitive Solutions 5
AE-4  Traffic Emissions Reduction 5 CC Subtotal: 10 Y N ?
AE-5 Pedestrian Access 1-2 CC-X Custom Credit Title 1-5
AE-6 Bicycle Access 1-2 CC-X Custom Credit Title 1-5
AE-7 Transit & HOV Access 1-5
AE-8 Scenic Views 2 All 11 PR Met?
AE-9 Cultural Outreach 1-2 Greenroads Total 118 --

Award Level Minimum Score  Criteria
32 All Project Requirements Met + 30-39% of the Voluntary Credits
reenroads Silver 43 All Project Requirements Met + 40-49% of the Voluntary Credits

Gold 54 All Project Requirements Met + 50-59% of the Voluntary Credits
Credit Checklist Evergreen 64 All Project Requirements Met + 60% or more of the Voluntary Credits




Case Study #1:

Justice Drive Reconstruction

m Case Study #1 investigates
the Justice Drive
Reconstruction project for
the City of Lebanon:

m Project involved the reconstruction
of 3,400 feet of local roadway

m Design included new curb and
sidewalk; mill and fill resurfacing; full depth
pavement replacement, a more traditional
approach to design and construction

m Greenroads design criteria was compared
to Rii final design and construction

Ohio Transportation "%
Engineering Conference gy




Justice Drive Greenroads Eval. Form

Project Requirements (PR) -- Construction Activities (CA) n--
4 Y N ?

PR Subtotal: 11 Req'd Y N ? CA Subtotal: 1

PR-1 Environmental Review Process Req Y CA-1 Quality Management System 2 -
PR-2  Lifecycle Cost Analysis Req | Y CA-2  Environmental Training 1 1
PR-3 Lifecycle Inventory Req | Y CA-3  Site Recycling Plan 1 1
PR-4 Quality Control Plan Req Y CA-4  Fossil Fuel Reduction 1-2 g,
PR-5 Noise Mitigation Plan Req | ¥ CA-5 Equipment Emission Reduction 1-2 =
PR-6 Waste Management Plan Req | ¥ CA-6 Paving Emission Reduction 1 1
PR-7 Pollution Prevention Plan Req | Y CA-7 Water Use Tracking 2 2 H -_—
PR-8 Low-Impact Development Req | ¥ CA-8 Contractor Warranty g 3 3 8 p 0 I n ts -
PR-9 Pavement Management System Req | Y
PR-10 Site Maintenance Plan Req | ¥
PR-11 Educational Outreach Req Y MR Subtotal: 23 Y N ?
MR-1 Lifecycle Assessment 2 2
Environment & Water (EW) -- MR-2 Pavement Reuse 4-5 4 G 'een.ro.ads
EW Subtotal: 21 Y N ? MR-3 Earthwork Balance 1 1 cer t i ' ie d
EW-1 Environmental Management System 2 - MR-4 Recycled Materials 1-5 5
EW-2 Runoff Flow Control 1-3 - MR-5 Regional Materials 1-5 2
EW-3 Runoff Quality 13 = MR-6 Energy Efficiency 5 -
EW-4 Stormwater Cost Analysis " 4 o
EW-5 Site Vegetation 1-3 3 Pavement Technologies (PT) n--
EW-6 Habitat Restoration 3 N PT Subtotal: 20 Y N ?
EW-7 Ecological Connectivity 1= .3 e PT-1 Long-Life Pavement 5 5
EW-8 Light Pollution 3 - PT-2 Permeable Pavement 3 “
PT-3  Warm Mix Asphalt 3 3
Access & Equity (AE) -- PT-4  Cool Pavement 5 =
AE Subtotal: 30 Y N ? PT-5 Quiet Pavement 2-3 -
AE-1 Safety Audit 1-d = PT-6  Pavement Performance Tracking 1 1
AE-2 Intelligent Transportation Systems 2-5 2
AE-3 Context Sensitive Solutions 5 - Custom Credit (CC) [ =T =1]=]
AE-4  Traffic Emissions Reduction 5 - CC Subtotal: 10 Y N ?
AE-5 Pedestrian Access 1-2 1 CC-X Custom Credit Title 1-5 - > -
AE-6 Bicycle Access 1-2 - CC-X Custom Credit Title 1-5 - = -
AE-7 Transit & HOV Access 1-5 -
AE-8 Scenic Views 2 = All 11 PR Met? es
AE-9  Cultural Outreach ¥-.2 = Greenroads Total 118 IERN
Award Level Minimum Score  Criteria
" @ All Project Requirements Met + 30-39% of the Voluntary Credits
eenroads All Project Requirements Met + 40-49% of the Voluntary Credits
54 All Project Requirements Met + 50-59% of the Voluntary Credits

Credit Checklist

64 All Project Requirements Met + 60% or more of the Voluntary Credits



Case Study #2:
Columbus Street Reconstruction

m Case Study #2 investigates |
the Columbus Street ;
Reconstruction project for
City of Canal Winchester:

m $1.4 million project consisted of |
a complete reconstructionof |
Columbus Street; included
addition of bump outs and
parking lanes

m Rii performed subsurface investigation and onsite engineering
technician services including concrete, onsite soils, and asphalt testing

m City opted to use pervious concrete pavement for parking areas to
improve construction storm water management
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Columbus Street Greenroads Eval. Form
.

Project Requirements (PR) I | Construction Activities (CA) 2] | |

PR Subtotal: 11Req'd Y N ? CA Subtotal: 14 Y N ?
PR-1 Environmental Review Process Req Y CA-1 Quality Management System 2 2
PR-2  Lifecycle Cost Analysis Req | Y CA-2 Environmental Training 1 1 -
PR-3 Lifecycle Inventory Req | Y CA-3  Site Recycling Plan 1 1
PR-4  Quality Control Plan Req N CA-4  Fossil Fuel Reduction 1-2 1
PR-5 Noise Mitigation Plan Req | Y CA-5 Equipment Emission Reduction 1-2 |
PR-6 Waste Management Plan Req vé CA-6 Paving Emission Reduction 1 1
PR-7  Pollution Prevention Plan Req | Y CA-7 Water Use Tracking 2 2 .| =
PR-8 Low-Impact Development Req X CA-8 Contractor Warranty 3 3
PR-9 Pavement Management System Req N H —_
PR-10 Site Maintenance Plan Req | Y Materials & Resources (MR) [ 15] | | 65 p0| nts -
PR-11 Educational Outreach Req Y MR Subtotal: 23 Y N ?

MR-1 Lifecycle Assessment 2 2
MR-2 Pavement Reuse 4-5 : Greenroads
EW Subtotal: 21 Y N ? MR-3 Earthwork Balance 1 1 ifi
EW-1 Environmental Management System 2 2 MR-4 Recycled Materials 1-5 5 cer t | ' | e d
EW-2 Runoff Flow Control 1-3 1 MR-5 Regional Materials 1-5 2
EW-3 Runoff Quality 13 1 MR-6 Energy Efficiency 5 5
EW-4 Stormwater Cost Analysis 1 1
EW-5 Site Vegetation 1-3 3 Pavement Technologies (PT) ENE
EW-6 Habitat Restoration 3 = PT Subtotal: 20 Y N ?
EW-7 Ecological Connectivity 1-3 - PT-1 Long-Life Pavement 5 5
EW-8 Light Pollution 3 3 PT-2 Permeable Pavement 3 3
PT-3  Warm Mix Asphalt 3 3

P4 cCoolpavement = EVERGREEN

AE Subtotal: 30 Y N ? PT-5 Quiet Pavement 2-3 5
AE-1 Safety Audit 1-2 1 PT-6  Pavement Performance Tracking 1 1
AE-2  Intelligent Transportation Systems 2+ & 4
AE-3  Context Sensitive Solutions 5 5 Custom Credit (CC) | |
AE-4  Traffic Emissions Reduction 5 = CC Subtotal: 10 Y N ?
AE-5 Pedestrian Access 1-2 2 CC-X  Custom Credit Title 1-5 -
AE-6  Bicycle Access 1-2 1 CC-X Custom Credit Title 1-5 -
AE-7  Transit & HOV Access 1-5 =
AE-8 Scenic Views 2 & All 11 PR Met? Yes
AE-9  Cultural Outreach 1-2 2 Greenroads Total 118 K

Award Level Minimum Score  Criteria
" m 32 All Project Requirements Met + 30-39% of the Voluntary Credits
Greenroads 3

Silver All Project Requirements Met + 40-49% of the Voluntary Credits

Gold 54 All Project Requirements Met + 50-59% of the Voluntary Credits
Credit Checklist Evergreen All Project Requirements Met + 60% or more of the Voluntary Credits




Case Study #3: Colorado Springs

m Case Study #3 investigates
the Tire Rubber Asphalt
(TBTRA) Street Surface
Analysis project for the City
of Colorado Springs,
Colorado:

m Project involved evaluating the
performance of the
by TBRTA, as compared to conventional ‘
dense graded asphalt mixes

m Rii presented an analysis approach to
incorporate the influences of all relevant
variables, such as traffic volume and
truck traffic, age of treatment, pavement
type, pavement structure, traffic
acceleration and deceleration

= Rii also provided Ground Penetrating Ohio Transportation
Radar services Engineering Conference gy




Colorado Springs Greenroads Eval. Form

Project Requirements (PR) m--
?

Environment & Water (EW) 3] |
N ?

EW-1

Access & Equity (AE) --
0 ¥ N ?

PR Subtotal: 11Req'd Y

Environmental Review Process
Lifecycle Cost Analysis
Lifecycle Inventory

Quality Control Plan

Noise Mitigation Plan

Waste Management Plan
Pollution Prevention Plan
Low-Impact Development
Pavement Management System
Site Maintenance Plan
Educational Outreach

EW Subtotal:
Environmental Management System
Runoff Flow Control
Runoff Quality
Stormwater Cost Analysis
Site Vegetation
Habitat Restoration
Ecological Connectivity
Light Pollution

AE Subtotal:
Safety Audit
Intelligent Transportation Systems
Context Sensitive Solutions
Traffic Emissions Reduction
Pedestrian Access
Bicycle Access
Transit & HOV Access
Scenic Views
Cultural Outreach

Credit Checklist

1-
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1-
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Req
Req
Req
Req
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Req
Req
Req
Req
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Award Level

Silver

Gold
Evergreen

Minimum Score

Construction Activities (CA)

CA Subtotal:
Quality Management System
Environmental Training
Site Recycling Plan
Fossil Fuel Reduction
Equipment Emission Reduction
Paving Emission Reduction
Water Use Tracking
Contractor Warranty

Materials & Resources (MR)

MR Subtotal:
MR-1
MR-2
MR-3
MR-4
MR-5
MR-6

Lifecycle Assessment
Pavement Reuse
Earthwork Balance
Recycled Materials
Regional Materials
Energy Efficiency

Pavement Technologies (PT)

PT Subtotal:
PT-1 Long-Life Pavement
PT-2 Permeable Pavement
PT-3  Warm Mix Asphalt
PT-4  Cool Pavement
PT-5 Quiet Pavement
PT-6  Pavement Performance Tracking

Custom Credit (CC)

CC Subtotal:
CC-X Custom Credit Title
CC-X Custom Credit Title

All 11 PR Met?
Greenroads Total

Criteria

[ 8 [ | |
14 4 N ?
2 2
1 -,
1 1
1-2 1
1-2 1
1 1
2 -
3 2
[ 9] | ]
23 Y N ?
2 2
4-5 5
1 -
1-5 5
1-5 2
L1 5
[ o[ | |
20 Y N ?
5 S
3 >
3 -
5 -
2-3 3
1 1
[ [ 1 ]
10 Y N ?
1-5
1-5
Yes
113 EZAN

All Project Requirements Met + 30-39% of the Voluntary Credits
All Project Requirements Met + 40-49% of the Voluntary Credits
All Project Requirements Met + 50-59% of the Voluntary Credits

All Project Requirements Met + 60% or more of the Voluntary Credits

44 points =

Greenroads
certified

SILVER




Ohio Turnpike: Sustainable Solutions

The design of this section (MP 95.8-101.2)
follows the Master Plan Guidelines to
meet the Greenroads Sustainability
Standards

The design includes:
m Pavement design
m The use of recycled concrete and asphalt
m Use of soil stabilization to strengthen
subgrade and reduce excessive cut
m Minimization of noise and air pollution
by selecting a composite pavement structure
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Ohio Turnpike Greenroads Eval. Form
—

Project Requirements (PR) -- Construction Activities (CA) --
PR Subtotal: 11Req'd Y N ? CA Subtotal: 14 ¥ N ?
PR-1  Environmental Review Process Req Y CA-1 Quality Management System 2 =
PR-2  Lifecycle Cost Analysis Req X CA-2 Environmental Training | 1
PR-3 Lifecycle Inventory Req | Y CA-3  Site Recycling Plan 1 1
PR-4  Quality Control Plan Req Y CA-4  Fossil Fuel Reduction 1-2 1
PR-5 Noise Mitigation Plan Req | Y CA-5 Equipment Emission Reduction 1-2 1
PR-6 Waste Management Plan Req X CA-6 Paving Emission Reduction 1 1
PR-7 Pollution Prevention Plan Req i CA-7 Water Use Tracking 2 1
PR-8 Low-Impact Development Reg | Y CA-8 Contractor Warranty & 3
PR-9 Pavement Management System Reqg | Y 1 -
PR-10 Site Maintenance Plan Req | Y Materials & Resources (MR) ElIN 46 pOI nts
PR-11 Educational Outreach Req oY MR Subtotal: 23 Y N ?
MR-1 Lifecycle Assessment 2 2
MR-2 Pavement Reuse 4-5 | 4
EW Subtotal: 21 Y N ? MR-3 Earthwork Balance | 1
EW-1 Environmental Management System 2 ~ MR-4 Recycled Materials 1-5 E Gmen_’oad s
EW-2 Runoff Flow Control 1-3 B MR-5 Regional Materials 1-5 2 cer t | ' i e d
EW-3 Runoff Quality 1-3 - MR-6 Energy Efficiency 5 -
EW-4 Stormwater Cost Analysis 1 -
EW-5 Site Vegetation 1-3 3 Pavement Technologies (PT) [o [ | |
EW-6 Habitat Restoration 3 - PT Subtotal: 20 Y N ?
EW-7 Ecological Connectivity 1-3 - PT-1  Long-Life Pavement 5 5
EW-8 Light Pollution 3 - PT-2 Permeable Pavement 3 -
PT-3 Warm Mix Asphalt 3 3
Access & Equity (AE) EIE PT-4  Cool Pavement 5 =
AE Subtotal: 30 Y N 7 PT-5 Quiet Pavement 2-3 - s l Lv E R
AE-1  Safety Audit 1-2 2 PT-6  Pavement Performance Tracking 1 1
AE-2 Intelligent Transportation Systems 2-5 2
AE-3  Context Sensitive Solutions 5 5 Custom Credit (CC) [ - | -] - |
AE-4  Traffic Emissions Reduction 5 - CC Subtotal: 10 Y N ?
AE-5 Pedestrian Access 1-2 - CC-X Custom Credit Title 1-5 = - =
AE-6  Bicycle Access 1-2 = CC-X Custom Credit Title 1-5 - - -
AE-7 Transit & HOV Access 1-5 =
AE-8 Scenic Views 2 = All 11 PR Met? RGeS
AE-9 Cultural Outreach 1-2 1 Greenroads Total 118 -
Award Level Minimum Score  Criteria
37 All Project Requirements Met + 30-39% of the Voluntary Credits
Greenroads Silver All Project Requirements Met + 40-49% of the Voluntary Credits
Gold 54 All Project Requirements Met + 50-59% of the Voluntary Credits

Credit Checklist 64 All Project Requirements Met + 60% or more of the Voluntary Credits




Conclusions:

0o

Gy,
e@/)/b
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m The case team determined that the Ultimate
Greenroads Design scenario would achieve the
following certifications:

m Justice Drive Reconstruction = 38 points - Certified

m Columbus Street Reconstruction = 65 points - Evergreen
Certification

m Colorado Springs TBTRA Street Surface Analysis = 44 points
- Silver Certification

m Ohio Turnpike = 43 points - Silver Certification
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Conclusions & Contributors

Thank you for attending this session! For more information
on Greenroads, please visit www.greenroads.org or contact

any of the following Resource International, Inc. contributors
to this presentation:

Dane Redinger, PE — Construction Services Manager
Chhote Saraf, PE, PhD —Senior GPR Engineer
Todd Majidzadeh — Executive Vice President

Phone: 614.823.4949

Email: daner@resourceinternational.com O
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