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Overview

» Larger context

» Regulatory

» Sustainabillity / rating systems
 Examples — old & new
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The National Environmental Policy Act of 1969

Sec. 101(a) The Congress, .... declares that it
is the continuing policy of the Federal
Government.... to foster and promote the
general welfare, to create and maintain
conditions under which man and nature can
exist in productive harmony, and fulfill the
social, economic, and other requirements of
present and future generations...
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Great Law of The Iroquois Confederacy

In our every deliberation, we must
consider the impact of our decisions on
the next seven generations....
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Sustainability : Meeting the needs of the present

without compromising the future...

Brundtland 1987

social

O

economic
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Concrete with Fly Ash...

"B Cooper River Bridge
/B R 43%Fly-Ash

Reference flickr.com xlu29466
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The National Environmental Policy Act of 1969

Sec. 102(c) include in every recommendation or

8

report on proposals for legislation and other major
Federal actions significantly affecting the quality of
the human environment, a detailed statement by
the responsible official on -- (i) the environmental
Impact of the proposed action
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Regulatory ....
http://www.fhwa.dot.gov/environment/env_sum.htm

' 1.5, Departrment of Transporaticn
@ Federal Highway Administration

Environment

Summary of Environmental Legislation Affecting Transportation

Table of Contents

|. General Envronmental Statutes

-]

Natjonal Ernvironmental Policy Act

e Section 4(f), DOT Act

o Economic, Social and Environmental Effects, 23USC109h
e Uniform Act (Acquisition and REelocation)
e litle VI, Cil Rights

e Executive Order - Environmental Justice
&

&

-]

-

Public Hearings, 23 USC128
Historic Bridages

Wildflowers

Highway Beautification

Il. Health

o Safe Drnking Water Act
o i s ispos

. P S .
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Regulatory ....

http://www.fhwa.dot.gov/environment/env_sum.htm

lll. Historical and Archeological Preservation

e Sechion 106, Histoncal Preservation Act

e oection 110, Histoncal Preservation Act

. . _ . : : ) |
& Archeoloagical Resources Protection Act

. . . .

¢ Amencan Indian Religious Freedom Act

a Native American Grave Protection and Repatnation Act
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Regulatory ....

http://www.fhwa.dot.gov/environment/env_sum.htm

I'V. Land and Water Usage

e VWildemess Act

s Wild S ¢ Rivers

e« Land and Water Conservation Fund Act (Sec 6(f)
e Executive Order 11990 Protection of Wetlands
e Wetland Mitigation Banking (ISTEA)
e Emergency Wetlands Resources Act of 1986
e National Trails Systems Act

e National Recreation Trails (ISTEA)
L~

&

-

-

-

o

Rivers and Harbors Act (Sec. 9 and Sec. 10)
Federal Water Pollution Control Act (Sec. 404)
Executive Order 11988 - Floodplain Management
Mational Flood Insurance

Marine Protection Research and Sanctuanes Act
VWater Bank Act
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Regulatory ....

http://www.fhwa.dot.gov/environment/env_sum.htm

Coastal Jone Management Act

Coastal Bamer Resources Act

Fammland Protection Policy Act
Ssupermund(CERCLA)

Endangered Species Act

Migratory Bird Treaty Act

Transportation Enhancements Activities (ISTEA)
Recycled Pavwng Matenal (ISTEA)

Scenic Byways Proagram (ISTEA)
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Regulatory ....

http://www.fhwa.dot.gov/environment/env_sum.htm

V. MNoise

s Standards 23USC109

VI Air Quality

e Clean Air Act (Conformity)

e Clean Air Act (Sanctions)
e Congestion Mitigation & AIr Quality Improvement(CMAQ)
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Regulatory ....

http://www.fhwa.dot.gov/environment/env_sum.htm

General Environme ntal Statutes

Legislative Reference

Regulations
Reference

Purpose

Applicability

National Environmental
Policy Act:

42 U.S.C. 4321-4335
(P.L. 91-190)

(P.L. 94-83)

23CFR 771-772
40 CFR 1500-1508
Executive Order
11514 as amended
by Executive Order
11991 on NEPA

Consider environmental factors
through systemic interdisciplinary
approach before committing to a
course of action.

All FHWA actions
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Regulatory ....

http://www.fhwa.dot.gov/environment/env_sum.htm

Section 4(f) of The
Department of
Trans portation Act:
23 U.5.C. 138

49 U5 .C. 303
(P.L. 100-17)

(P.L. 97-449)

(P.L. 86-670)

23 CFR 771.135

Preserne publicly owned public
parklands, waterfowl and wildlife
refuges, and significant historic
sites.

Significant publicly owned
public parklands,
recreation areas, wildlife
and waterfow! refuges, and
all significant historic sites
"used" for a highway
project.

Economic, social, and
environmental effects:
23 U.S.C.109(h)
{(P.L. 91-605)

23 U.5.C. 128

23CFR 771772

To assure that possible adwerse,
economic, social, and
emvironmental effects of proposed
highway projects and project
locations are fully considered and
that final decisions on highway
projects are made in the best
overall public interest.

Applicable to the planning
and development of
proposed projects on any
Federal-Aid system for
which the FHWA approves
the plans, specifications,
and estimates, or has the
responsibility for approving
a program.

Uniform Relocation
Assistance and Real
Property Acquisition
Act of 1970 (42 U.S.C.
4601 et seq., P.L. 91-
646) as amended by the
Uniform Relocation Act
Amendments of 1987
(P.L. 100-17)

49 CFR 24

To implement the Uniform Act as
amended in an efficient manner; to
ensure property owners of real
property acquired for and persons
displaced by Federal-Aid projects
are treated fairly, consistently, and
equitably; and so they will not
suffer disproportionate injuries.

All projects involving
Federal-aid funds.
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Necessary, but not sufficient....
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Concrete & Fly ash
Ehe New Pork Eimes _

BOX GIRDER «+--:ccveecennnns
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Recycling / Sustainability?

Protection Statutes

=

Programs,
Projects,
Plans,
Practices,
Policies.....

=

=

£

=

=

CUMULATIVE NUMBER OF LAWS AND AMENDMENTS
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Necessary, but not sufficient....

Date: Monday, August 2, 2010, 4:32pm PDT - Last Modified: Sunday, May 8, 2011, 4:30pm PDT

New fly ash regulations threaten
sustainable concrete

http://www.sustainablebusinessoregon.com/columns/2010/08/new _fly ash
regulations_threaten_sustainable concrete.html

19



Triple Bottom Line, now - more than ever...

« Environment: Planetary Ecosystem (Climate, Energy, Land, Air,
Water...)

 Economy : Jobs (food, clothing, shelter...)
« Societal needs: Equity (security, order, stability...

su:?%

20 | PARSONS
BRINCKERHOFF



Cooperative convergence.

3 Green Highways Partership - Sustainable Transportation, Stormwater, Stewandship, Ecosystems, R - Microsoft Inbermet Explorer

Ble Edt \View Favorfes Took  Help "
Z = T O e i e
Qe - & - [x] (8] Ga) | p)mead 5 Ermoies € | 3 v ] e
Address [.E hssp: e gresnhicheays. org feboyt ofm ﬂ Go || Links %
Stewardship, Safety, & Sustaimability
seanch: |
] Harme [ About | Partnerships | Recognition [ Oppor tunities [ Theme Teams [ Resources |
About GHP
The Green Highways Partnership is dedicated to transforming the relationship between the environment and transportaton
Infrastructure, As illustrated below, this massive challenge requires a mulb-dimensional strategy and lofty, attainable goals,
EEN HIGHWAY Want to leam more? Chek here for the definitive two-page GHP
GR flyar. Or, chack ouwt GHP's first prograss regort! a-newslatiar,
& 80% recycled materials used Click hsrs for *0n the Way to Grignar Highways.® Marlys
- 41.{;5“ wetland acres restored Oeterhues” articls in Public Roads Magazine.
& 90% of runoff naturally cleansed This extensive approach wasn't developed overnight. Read about
s Removed 1 ton of pollutants from watershed GHP's background and history, nciuding the Green Highways
i : Chameatta, Forum, and Retreat.
a 10,000 forest acres preserved _
e Truckstop diesel emissions reduced 45% Meed answers? Visit our FAD Section.
e Alternative fuels available at truckstops Members of the media, cick here for our Press Kit




All aspects...

~ THE GREEN HIGHWAY ~
Uil eeting transpeart aticn requirsmeants
arel appbyng ensironmertal stewardship
so both are better than before"

MAINTEMANCE &
OPERATIONS

~ THE GREEN HIGHWAY
FORUM ~

= *“{n Ramgp” Stakeholders
= Enhance Parinerships

= Exchange Information

= Ihnovate

= Recognition

@UEATH_}H = Solve Cross Gk Issues
Draft Green Highway Coreept, Source : &ncly Fekete, REA Group
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Federal Funding Criteria

B *i Selection Criteria
* * RECOVERY.BOV I n CI u d e
- Sustainability
UsDoOT - Livability

TIGER

DOT.GOV
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Popularity of Green Buildings

Federal DOT Lakewood Colorado

Reference twgi.com
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Sustainability Ratin check lists

GreenLITES

INSTITUTE FOR
‘ SUSTAINABLE
i INFRASTRUCTURE
I S 1 US.Department

of Transportation
enyv on ™ Federal Highway V
Administration

Evergreen

3 Sustainable Transportation
M Access Rating System (STARS)

Greenroads

=" Pilot Project Application Manual
s Version 1.0
November 23, 2010

A project of the
Morth American Sustainable
Transportation Council
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ﬁhﬂj‘ig: - Sustainability rating system compansonlla (Autosaved)
—_ E 1 Pag out Formuslas Ciata Review Wiy POF-Xi"bhange 4
il D T R

1 Es 1
| i ~ i -
TBLCriteria ASCE FHWA Greenlites Stars 1.1 checklist
. Economic
.« | Vialue of Travel Time Savings
.. Commerciol Travel Cost Savings
i Eustainable Enterprize, Carpool discount
I Commute Travel Cost Savings [Peak)
FENdEnt commuts modal SERE, cmpleyes comute mod
) zplit
Leisure Travel Time Savings (Off-Peak)
« | Vehicle Costs
Fixed (ownership) Costs
Variohle (operating) Costs
« Reductions in the Economic Costs of Oil Imports
Conecrete Pavement, specral Uz [ane [HO v TB0s express],
Innavative inerchange design, Projects that increas:
= Travel Time REﬁﬂ'b.l:ﬁf}-’ transpartation efficicncies for moving Freight through
SR eratien, INEEAIEon oF 3 FTan ik CApTess Sehem,
Limitingdconzalidating access points along highway, Bus
i turmouts, Incoperate TS bechnology te improve traffic Flow,
« Parking Costs
On Street Parking
Off Street Parking
Surface Parking
Structured Parking
« Traffic Congestion Effects
Recurrent (occurring regularly)
Non-Recurrent {due to accidents, special events)
« Transportation Diversity (option value)
i Consiumer BEHENS impravement theoughout the useful life of the Ride], Praject reports and community sutreach materials
T 215 Deliver the praject using integrated praject
: dezign and delivery, 1011 Improve access and

" Emﬂ'fﬂ‘n['f cfficicncy, Facilitics for Bicyclists, Bicyele Plan, mass transit

2.2.2 identify stakchalders, izsucs,constraints and Uze LED lighting, Salar bus slzops. Fietrafit existing skrect!
o by-product synergy apportunitics zign lighting with high cfficizncy types,

T 26 PO-2 incorpaorate contractar warranky and
construction quality into the public low-bid

. Equft}.l‘ process through the uze of warrankiszs

o 4 E AT Finakls e aman b Al S Tae s
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TBLCriteria

ASCE

FHWA

Greenlites

Stars 1.1 checklist

Social

housing

Themed Semester or ¥ ear®

affordability

Local houszing

safety

accidents

1012 Create appropriate signage for
accezzibility, safety and way findig

injuries

fatalities

health

PO-13 Reduce human cxposurs o hagardaus
airbarne: compounds from construction
materialz

cardiovascular

seience- bazed quantative zafcty analpsiz
processes within project development that will
reduce serions injurics and Fatalities within the
project Faokprint.

obesity

makerials

3.2.2. Uze reclaimed and recpcled contenk

reguircments

2.4.1 Mect all applicable health and safety

Proximity of sensitive
populations to new
readway for MSATs

Greenways

walkability

FO-14 Promoke walkable and wheelable
communitics by providing pedestrian facilites
within the project Footprint

Incluzion of visually contrasting pedestrizan crosswalk
treatments, Project applics ' walkable communitics!
Complete Strects" Cancepks

FDO-15 Fromote bicycling in communitics by
providing deddicated cycling Facilitizs within

27 the project Fookprink
=T Uze of more engaging public participation techniques
nEJghbﬂ]‘fmd [charctte, bask foroe, ckc]
= A1 Uze locally sourced materials, equipment and Llz¢ of more engaging public participation techniques
|cahesion o b i e E;




Formilas

Page layout
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TBLCriteria

ASCE

FHWA

Greenlites

Stars 1.1 checklist

ENVIRONMENT

e | manage qf.fc-ctiw.:ly the ecological aspects of
the project

FO- T Enzure the cnvitonmental commitments
made by the projectare completed, and
documented in accordance with all applicable
laws, regulations and iszus permits

PLO-26 Provide construction persennsll with
the knowledge to identify envitonmental issues
and best practice methods to minimize

environmenkal impacks

Air & Atmosphere

Condensed Waork Week, Telecommuting

Carpoolanpoal Makching, Car Eharing

Climate Change

2.1.5 Dieliver the project using integrated project
design and delivery methodolagics. .

GHG Emissions

Greenhouzd Gaz Emizsions Reduction

&.2.1 Conduct a life-cycle carbon assessment

Gresnhouss Gaz Emissions Inventary

Faterial zelection & detaﬂing that reduce s overallurban
“heat island® eFfeck:

&ir Travel Emiszions

Indcar Air Guality

Air Quality

PO:27 Reduce air emizsions from nonroad
construckion equipmeny

Criteria Polfutants

3.2.2, Take appropriste meazures ko minimics
adverse impacks on lacal air quality during
operakion.

2.53.1 Follow sustainable procurement policies and
practices

Clear dones secded with secd mixtures that help o reduce
maintenanoe needs

Air Toxics and increase carbion e questration,
4.5, Cantroband minimize air pollution, inchiding
dust and odors, -&Iuring conskruckion.
PD:20 Peduce lifetime cnergy consumptiomn
Eﬂer F oF quhtinq:;u;tw'for roadways Clean and Renewable Encrgy

fossil fuel energy

FD-23 Feduce snergy in the production of
pavemsnk materialz

Uz warm mix azphalt

Building Energy Consumption, , Yending Machine
Zenzorz, Encrgy Management System, Encrgy
Pletering, LED lighting

Renewable Energy

&.1.1. Canduct alife-cycle energy assessment.,
B .2improve energy cfficicncy and conservation

OFffsek botal operational encrgy use through
sk sRemens renewable cnergy sources

514 uze renewable energy rezources

Wt

ershed

Water Quality

T.2.1 Conzerve water and reduce water
consumption during construction and operation
T.5.1 Design the construcked works to prevenk
pollutionof surface water containing potentially
polluting substances away from senzitive
cnironments

Demaonztrake, through the use of modeals, reduction of
pollutant loadings ke adjacenk waker resources by the use of
best management practices, Incluzion of permeable pavement

suchas grid pavers

T.2.2 Incoporate long term water impacks
manitering .
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TBLCriteria

ASCE

FHWA

Greenlites

Stars 1.1 checklist

Storm water Quantity

1.4 1Prokect Floodplain Funckions, 7.4.2 Manage
stormwater on site

PD-3 Improwe stormewater quality From the
impackd of the project and contral floe ta
minimize their crosive effecks on rectiving
wakers using management methods and
practices that reduce the impacks aszaciates
with khe.

‘sharmwater retrofits, crediting strategies, stream
restoration, added wetlands protection,ctc,detect and
climinate any nen-starm water dischargers From unpermitked
zanitary or other residential, commercial or industrial
sonrces, Debeck non-skormwater dizcharges from
unpermitted zanitary, Use of other structural Best

Stormwate:_Management. wiaker
Caonsumption,wWaterless Urinals, Building “water
Petering”,Mon-Potable Water Uzage

Wetlands

4.1.2 preserve and restore wetlands, T:d.5
rehabilibates last skreams, wetlands and sharelines

"wetlands r-:st-:h_rati-a-n.-:nha,n-cgmtnl: or sskablishment above
what iz required bo obtain g wetland-related permit, Provide
additional mitigation ko offset wetland impacks due ko
construction, Installation of mowing markers b protect
weklandz and natural areas, biosngingering treatments along
waker bodics!wetlands, biotechnical emgineering treatments
along waker bodieslwetlandz.

Ecosystem

FO-5 offzek the Toss anf alteration af natural
[ztream and terrestrial} habitat cauzed by rood
construckion. Restofeand protect patral
beyond regulatary requirements.

Mitigation of habitat Fragmentation through significant
techniques Such az creation of dedicated “eca viaducks"

Endangered Species

6:1.1 Protectenhance land of high ccolagical or
species valus

animals

31,20 Preservs or enhance parks, recreational areas
and wildlife refuges; 6,22 controlinvasive species

PO-10 Pravide or imprave wildlife amphibian,
and aquatic specics passage access and
mobility acrosz roadway Facility. boundaries

Provide enhancements ko exizking wildliFe habitat, Inchizian

of zcheduling and lagistic requirements to avaid disruptig
wildlife nesting and b-r-:c:ding ackivitics, uze of targqeted -
‘biglogical contral methods bo peduce invasive specics,

Intagrated Pest Mlanagemaent®

plants

B2 1. Protect, anhance, restors habitat,;
biadiversity, 4.1.5 mmaintaintincreaze high
conzervative value Forested lands 6.2.3 use
appropriate non avasive plants; 312 anly Use
wood from non-thretened tree specics or certified
FONTCES

Micre-adjuztments which do nok compromise zafety or
operation but which
might make the difference in providing sufficient clear area
for tres planting., Planting of native species, Avoidanct
pratoction of individual s'igr!ifi-canl: trecs and localized arcas
af eskablished, desirable vegetation, Dezigns which
demaonstrate, through a combination of preservation and new
‘planking, an anticipated ultimate netinoreasd in kree canapy,
Re-eztablizhf cxpand native wegetation in reclaimed work
areasor abandoned old alignments, Ulse of living snow
Fences[ beach raze, hunepsuckle and shrob willows], Use of
naktuge species for seed mixing and other plantingz,Planting:
trecs, shrubs and ar plant makerials in lisu of Eraditicnal
turfgraszs, Removal of undesirable plant species, Specify local
‘seed stock and plants

Mative Plants® Tree Campus UEA®, Heriscaping®,
arganic garden
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TBLCriteria

ASCE

Greenlites

Stars 1.1 checklist

Aguatic Ecosystem

Ekream restarationdenhancemetn

Wildlife Corridors,/ habita

t connectivity

wildliFe: crozsings that allow For safe pascage of wildlife
across highways, Plinimize use of lands that are park of o
significant contingouus wildlifs habitat

Edge habitatl

Wildlife refuges

Earth

bodicsivwetlands, Zoil bicenginerring treatmenks or soil
Bictechnical crginecring breatments inupland areas

Soils-Prime

4. 2.1 Protect from descreification, 6.2 4 Feduce
the use of ptsticidcs. Fertilizer uze 3.5 2 Beduce
rizk of Future land contamination

PO-13 Promoke sustainable site veqetation
within:the project footprint that dos nak
require lang-term irrigation, consiztenk mowing
arinvasivetnocions weed sppocies remaoval

srazion and sediment contral practices, Use highly
permeable sails to remayve surface pollutants from ranoff,
Epecify thak 155 or more of the bopzoil remonved for grading
iz reused onosite, Cuts and fillz balanced to within 10 percent;

weather-Infarmed Irrigation®

Geological hozards [sinkh

4. 41 Prevent soil_loﬁs. pollution infiltration from
stormwater Tunoff during construction

Waste

4.4.5 Restore soils disturbed during previous
development :

PO-G30 Utilize v management plan for road
construckion waske materials, and minimizw the
amaunt of of construckion-related wasts
destined For landfill

Construction Waste prod|

22,5 Design for dizazzembly and deconstruction

listed haz mat sites

Recycled products

322 Use reclaimed and recycled content
materials , 2.2 Dezign For waske minimigation
andior reuse, Bedireck construckion and
demalition materials away from dispozal ke
recycling and reusie

PD-H Feduce lifeopcle impacts from cxtraction
and praduckion virgin materialz

Examplez retaining walls, selecting design opticn with
minimal Footprink, reuze of previous pavemaent oz subbase for
full-dept Reconstruction projects,Arranging for the reuse of

excess excavated makerial; zpecify the proceszsing of
demalished concrete korreclaim scrap metals and ko create 2
uzable aggregate material, slvaging removed trees for
lumber, Uz surplus cxcavated material ononearby stake
highways For slope flatkening, Reuze of granite curbing,

Hazardous Materials / Bi

3.5.5. Reduce the quantity of cxcavated material
that iz taken off site

hazardous materials ko maintain the bridge or highway, or
increazes theinkerval before re-construction must be

Sustainability Events,wWaste Feduction Prefpost
consumer wWaske food waske compasting, waste

45351 selock brownfitldsfgrtyf_itl¢ ;

PO-25 Feduce need For tramzpark of carthen
materials balancing cut and Fill quntities -

contaminated wastes, Removing and dizpasing of
contaminated saild beyond that necezzary Far project

Dizcountz,Reusable To-Go Conkainers, Compost?,
Electronic waste Riecycling Program, Electronic h'a:

TOTAL Environment

33
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housing

Themed Eemester or Vear®

|affordability

Local housing



Triple Bottom Line Analysis

Social
Safety
Health
Livability
Economic $ Equivalents
Jobs / Productivity Equity
Tax Base
Mobility
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PRISM (Economic) PRISM tblv

Economic Valuation Tool Triple Bottom Line Valuation

Social

economic Environmental Economic

(Xenv +Y soc+ Zecon)=19% eq
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http://www.pbworld.com/pdfs/publications/efr/volume_5 issue 1.pdf
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PRISM

tblv: Triple
Bottom Line
Valuation
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TBLV - Summary

Quantity Value ($/) Total
Economic
+ - X + -
Environment
+ - y + -
Social
+ - Z + -
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Sample Environmental Benefits

Recycling activity x

Carbon

- Short term tons 5-120 XtoY
- Long term tons

Air Quality

- NOx X

-PM10 X

Water

- Quantity -- acre ft variable

- Quality by specie variable
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Sample Economic Benefits — Life cycle costs

Recycling activity x

Quantity Value ($/) Total

Jobs
- Direct
- Indirect / Induced + - X + -
Energy

+ - y + -
Waste Disposal

+ - Z + -
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Sample Social Benefits

Recycling activity x

Quantity Value ($ /) Total
Aesthetics + - X + -
Positive
education + - Yy + -
Neighborhood
Pride + - Z + -
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Recycled Materials

Steel

- Concrete ‘

- Plastic
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Steel

Economic, Environmental - -

96% Recycled Content
in USA

PARSONS .
BRINCKERHOFF Photo reference: Magnum Photos, Eugene Smith

Reference: Steel Recycling Institute, www.recycle-steel.org
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Steel -- TBLV

Quantity Value ($/) Total
Economic
X Y / ton Z
Environment
(carbon,..) X Y /[ ton Z
Social
+ - Z + -
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Recycled Materials

- Steel "

- Plastic
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Recycled Materials - Concrete

Recycled Aggregate:
Tailings, Synthetics, RCP

Bhoto  ibrary ol Conpese

._ oo Pozzolan Cements:
Phto: | ; ' : Fly-ASh, Slag, & Flume ASh




Social — highly visible
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“‘Seems Right...”




Recycling Concrete -- Social Benefits...

Quantity Value ($/) Total
Aesthetics + - X + -
Positive
education + - Yy + -
Neighborhood
Pride + - r 4 + -
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Recycled Materials

- Steel

- Concrete ‘
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Thermoplastic

» Recycled Plastic
» Immiscible Polymer Blend

J/

% High Density Polyethylene with Polystyrene or Polypropylene coated
glass fibers (up to 8%)




Typical Stress/Strain Curve
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Properties
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Properties

Weight: 55pcf (Wood: 60pcf; Concrete: 150pcf; Steel: 490pcf)
Specific Gravity: 0.85-0.90

Elastic Modulus: 250,000 psi

Allowable Flexural Stress: 600 psi (Ult. = 3,000 psi)

Allowable Compressive Stress: 600 psi (Ult. = 2,500 to 4,300 psi)
Allowable Shear Stress: 350 psi (Ult. = 1,500 psi)

Coefficient of Thermal Expansion: 0.0000282 in/in/deg F
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Advantages

A
X
A
A
A
A
X
A
A

51‘

Green Product (Recycled Plastic)

No Corrosion, Rotting or Insect Infestation
Reduced Landfill Dumping

Good toughness Characteristics

No Chemical additives

Green House Gas Savings

Reduced Maintenance

Sustainable & Durable

Cost Competitive: Initial and Life Cycle

PARSONS
BRINCKERHOFF



Design Considerations

» Ultraviolet Degradation - 0.003 in/yr (full sunlight)

> Creep - Low (high Safety factor to Ultimate)

» Thermal Resistance - Heat Deflection +/- 250 deg F
» Skid Resistance - Coefficient Of Friction = 0.5 w tire
> Acid Resistance - To most acids & salts

» Moisture Absorption - Virtually impervious

> Abrasion - High resistance to sand & salts

» Color - Graphite
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Fort Eustis, VA -- Bridge No. 7

PIER 1 PIER 2 PIER 3 PIER 4 PIER 5 PIER 6 PIER 7 PIER 8 PIER 9

ELEVATION
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Fort Eustis, VA
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Fort Eustis Construction

Driving
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BRINCKERHOFF Pile Cap Installation
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Fort Eustis, VA -- Completed Bridge No. 7

57 | PARSONS
BRINCKERHOFF



Maintenance

Vs. 1% Construction Cost, Annually

- Painting

- Cleaning

- Deck Repair

- Scupper Work

- Joint/Bearing Repair
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Other Applications

Marinas

Fenders

Jetties and Piers

Platforms and Boardwalks
Temporary Reusable Bridges
Sound Walls & Retaining Walls
Railroad Ties & Switch Sets
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Recycled Materials — Plastic Piles

ﬁ"“;ﬂ":

60 |PARSONS Caltrans, Carquinez Bridge



Retaining Walls

PEA GRAVEL
M BAGKFLL
I
; %
e comend g I
SR BOTTON HORZONTAL
B TO BE A MINIMUM OF
I 2 BELOW BRADE
POSTE TOBE4 TOF
BELCW ORADE

NOTE: UNLESS OTHERWIBE NOTED, ALL COMPONENTS
TO BE AXION 100% RECYCLED PLASTIC MATERIAL

Dromm BT ©0p yoRK [P tefiifn [ 3esie t ing

P on : CONCEPTUAL DETAIL
HORIEZONTAL EETAINING WALL

DO HOT SCALE DRAWING

Internationel, ma. | Drowing

M.  D—090611-01 [

61 | PARSONS
BRINCKERHOFF




Railroad Ties and Switch Set
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Advantages...

»Green, Sustainable and Durable
»Environmentally Beneficial
»Vast Areas of Application
»Accelerated Construction
»Minimal Maintenance

»Cost Competitive
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Recycling Plastics -- Economic Benefits

Quantity Value ($/) Total

Jobs
- Direct
- Indirect / Induced + - X + -
Energy

+ - y + -
Waste Disposal

+ - Z + -
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Recycling Plastics -- Environmental Benefits

Carbon

- Short term tons 5-120 XtoY
- Long term tons

Air Quality

- NOx X

- PM10 X

Water

- Quantity -- acre ft variable

- Quality by specie variable
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Recycling Plastic -- Social Benefits...

Quantity Value ($/) Total
Aesthetics + - X + -
Positive
education + - Yy + -
Neighborhood
Pride + - r 4 + -
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Recycling Plastics -- TBLV

Quantity Value ($/) Total

Economic

X / ton
Environment
(carbon,..) Y [/ ton
Social

Z | person
Total tblv
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» Larger context

» Regulatory

» Sustainabillity / rating systems
 Examples — old & new

* Triple Bottom Line Valuation
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Sustainable...

e — mcvoygr@p‘bh\/\'/@rld.cc;rh'




