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What is NCTCOG?

The North Central Texas Council of Governments is a voluntary association of cities, counties,
school districts, and special districts which was established in January 1966 to assist local
governments irplanningfor common needsgooperatingfor mutual benefit, anccoordinating

for sound regional development.

It serves a 1@&ounty metropolitan region centered around the two urban centers of Dallas and
Fort Worth. Currently the Council ha88 membersincluding 16 counties, 169 cities, 22
independent school districts, and 31 special districts. The area of the region is approximately
12,800 square mileswhich is larger than nine states, and the population of the region is over
6.5 million, which is larger than 38 states.

NCTCOGstructure isrelatively simple; each member government appoints a voting
representative from the governing body. These voting representatives make upeheral
Assemblywhich annually elects a #ember Executive Board. TExecutive Boards
supported by policy dealtopment, technical advisory, and study committees, as well as a
professional staff of 324.

NCTCOG's offices are located in Arlington in the Centerpoint Two Building at 616 Six Flags Drive
(approximately onéhalf mile south of the main entrance to $ibags Over Texas).

North Central Texas Council of Governments
P. O. Box 5888

Arlington, Texas 76005888

(817) 6463300

North Central Texa&reen Infrastructire Guidebook May 2017

Abstract: The North Central Texas Council of Governments (NCTCOG) created this guide to aid
city engineers, plannersievelopers, decisiemakers, and other transportation and

development professionals in assessing their choices when integrating igifesstructure

practices into roadway, sidewalk, parking lot, and trail projects. The guide focuses on green
infrastructure techniques relevant to the transportation industry. These include permeable
pavement and bioretention as well as sustainable choices such as¢hef recycled materials

and energyefficient lighting. As a foundation for this guide, NCTCOG examined brbiom

and outof-region case studie® providerealworld costs, maintenance requirements, lessons
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This guide supports the work that NCTCOG and its regional partners undiereadisting

programs suclasthe Sustainable Development Funding Prograich addresses air quality,
congestion, and qualitpf-life issues; the Green Initiativ€ogramwhich promotes the use of
green or sustainable infrastructure to aid in the reduction of caremissions, urban heat

islands, and stormwater runoff; the Regional Stormwater Management Program, which aims to
manage stormwater quality issues affecting the regibe;integrated Stormwater Management

6 A { 2 and TransportationntegratedStormwaera I y I 3SY Sy i , WhiciNdssise a » 0
cities and counties in achieving their goals of water quality protection, streambank protection,
and flood control and Texas SmartScape, an educational program with the §oahsening

local water supplies and improng stormwater runoff quality.

NCTCOG mai nt ains tr ade miategkated Stgohrtnswaotne rt hivea ntaegrenrmse niit , 6 A i !
All rights reserved.
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INTRODUCTION

Why This Guide Was Developed

The North Central Texas Council of Governments (NCTCOG) created this guide to aid city
engineers, planners, developers, decisioakers, and other transportation and development
professionals in assessing their choices when integrating dnéestructurepractices into

roadway, sidewalk, parking lot, and trail projects. The information in this guide may complement
Complete Streets policies and practices, which aim to enable safe access for all users, regardless
of age, ability, or transportation mode.

This guide focuses on tHellowingtransportationrelevant green infrastructure elements:
Energyefficientlight-emitting diode(LED) andenewableenergylighting

Recycled construction materials in roadways and trails

Cool pavements

Green trail materials

Green stormwater infrastructure (GSl) technigues such as permeable pavement and
bioretention, and structural support for trees

=A =4 =4 =8 =9

By examining the costs and benefits of green infrastructure practices, the guide aims to provide
keyinformationfor making sound decisions related to the following factors:

9 Longterm cost effectiveness
1 Community improvement
1 Environmental impacts

While this guide will help provide a foundation for assessing these green techniques and
practices, professionals will stileed to evaluate their particulatevelopments and
infrastructure requirementso determine the most effective approach.

Guidance and technologies may evolve over time. This guide is not meant to beta how
manual. It does noprescribe one method or proprietary brand over another. It neither ventures
into design (such as roasidth requirements or clustering development) nor attempts to
include every best practice.

How This Guide Was Developed

In the development of thiguide, NCTCOG reviewed current research and literaiaged to
the topics in the guidelo present a more comprehensive picture of reairld costs and
benefits, NCTCOG also gathered and analyzed information from case studiekngnprojects
both in the region and across the natidrhe list of case studiedong with a map of their
locationscan be foundn Appendix A.




The case study contacts provided information as responses to a questionhhgteof the case

study contacts and copy otthe questionnaireare available inPAppendix A. Some case studies
furnishedNCTCOG witproject literature and articles as additiahresourceswhich arealso

listed in Appendix AWhennecessary, further information was collected by NCTCOG via

personal communicatiorCase studies are denoted iti KS 3dzA RSQa GSEG 6AGK 06 NI (
Ol 4S8 aildzRe vy dz2JE & MEir fistde@fencdn@achisection.

The Need for Green Infrastructure

Our region is developing rapidifkccording to recent U.S. Census Bureau estimates, the Dallas

Fort Worth-Arlington metropolitan area added more residetisn almost anywherelsein the

nation (more than 131,000 people from July 1, 2013, to July 1, 2014), behind only Hduston
WoodlandsSugar Landasreported by the Dallas Morning News LINJA £ H nHowstort NIl A Of S &
Area and DallaFort Worth Topb I (i A 2 Yy QENZE ¢ & KTBifgagicivih i éxpected to

O2yAydz$Sed ! OO2NRAY3 (2 b/ ¢/ hDQBortWarthn 5SY2 3N LIKA (
Metropolitan Planning Area can expect to almost double its number of residents and jobs from

2010 to 2040.

Whilethis expected growth may be beneficial in many ways, the development required to
FOO2YY2RIGS GKAA INRPGOK gAff AYLI OG GKS NBIA2YyQ:
Development can deplete natural resources, create urban heat isfandks) decrease air

guality, and generate additionatormwater runoff, which leads to an increase in flooding,

erosion and sedimentation, and water pollutidfor more detail®n the expected growth and

its impacts see Appendix B.

However, the use of sustainableegn elements either integrated with orin place of gray
infrastructurer can help the region cope with some of these challenydsile the expected
growth will bring more development, including new and retrofittedrisportation
infragructure, it will also bringhe opportunity to move toward sustainable green choices.

Potential Benefits of Green Infrastructure

Incorporating green approaches can provaldstantial social, economic, and environmental
benefits.According to research conducted by the Center for Neighborhood Technology (CNT),
the U.S EnhvironmentalProtection Agency ECONorthwest, and NCTCOG, the use of green
features can:

1 Reduce costdGreen practices are not always more expensive than traditipretices.
If initial costs for green practices anigher,thesecosts may be offset by longerm
benefits For example, the higher construction costs of installing modular structures that
reduce soil compaction and support large tree growth mayjatefor a substantially
increased tree lifespan and decreased maintenance c@sten practices caalsocost
less than traditional practices initialffor example, wherisSkverts the costs of
traditional stormwater managemeptor they may reduce cdas in other waygsuch as
reducing the costs of irrigation with droughtiapted planty Costs and benefits will
depend on unique factors such as soil type, hydrology, availability of items, and so on.
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Costs are also affected by circumstances such asithertyironment, and whether the
green product is new andthus perhaps expensive or challenging to find. An overview
of challenges related to cost analysis can be found in Appendix C.

Reduce urban heat stres&reen transportation practices such as expanded tree
planting and conservation as well as cool and permeable paving applications can help
lessen theurban heat islandeffect by cooling and shading urban neighborhoods.
Improve air quality.Urban vegetation removes pollutants from the &reen practices
that reduce temperatures can mitigate smog and ozone formation.

Increase pedestrian safety aricdhprove public health.GSltechniques such as

introducing curves and reducing street widths can slow traffic. Pededhiemdly
landscapes can promote physical activity. Cooler temperatures and cleaner air can also
dramatically improve health for childn and the elderly.

Reduce consumption of energy resourcd&y using precipitation where it falls, the
energy required to import, treat, and distribute municipal water could be significantly
decreased. The use of cool pavements and increased tree caoojy also decrease
energyuse Implementirg energyefficient light fixtures may save money in the long
term. With solar panels, the region can harness renewable resources.

Reduce erosion and the risk of flash floodacreasing infiltration, evapotranspition,

and storage of rainwater close to where it falls will reduce runoff and flooding.

Improve water quality.Vegetation, natural drainage, and other green infrastructure
practicescan decreasegllutant loadsby treatingwater that would otherwise run off.
Increase groundwater recharg&Vhen transportation projects incorporat8Skuch as
permeable pavement and rain gardens, impervious cover is redudedh of the
rainwater that falls on ouroadway surfaces and parking lots could infiltrate soil,
reducing localized flooding and recharging groundwatdthough manyGSipractices

were first developed in temperate regions, their potential to help conserve water may
be even more relevant in arahd semiarid climatesaccording tahe 2010 EPA report
GDNBSY Ly TNI &G NHz&idl GiBtesAAdaptindNiiinBvativeySR rmivaey A
Management Technigues to the Watkimited West® ¢

Reducewaste and reduceonsumption of ratural resourcesConstructing roadway
projects with recycled materials can reduce the amount of construction and industrial
gl aadsS Ay fFryRFAffa YR f&a2 NBRdzOS GKS NBX3IAZ
Improve aesthetics and build communitiekandscaping can beautify neighborhoods,
which can create a unique sense of space and promote neighborhood interaction. It can
also provide wildliféhabitat

Create the potential for economic developmenimproved aesthetics can potentially
increase economic development, aad increase iproperty valuesn a floodplainmay
resultfrom onsite management of stormwater.




GREEN ELEMENTS

Top left Pervious pavers used buth Mainreconstructionparkinglot, Carrollton Texagsource:
Studio39) Top rightBiofilteringstreet at the Dallas Urban Reserve, Dalleexagsource:Kevin Sloan
Studio) Bottom left: LED streetlight fixtarin the Oncor pilot, DallaSort Worth Metroplex, Texas
(source: Oncor). Bottom righteRycled rubber path on the Katy Trail, Dalléexas

Overview

Potential benefits
Limitations/considerations
Costs andife expectancy

1  Energyefficient and renewableenergy
lighting

Recycled construction materials
Coolpavements

Trail materials

= =4 -8 -
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Green stormwater infrastructurepermeable
pavement,bioretention and infiltration
practices and structural support for trees




SECTION EnergyEfficient andRenewableEnergy Lighting

1.1  Background

Before discussing energpfficient and renewablenergy lighting, its useful to provide some
background on energy needs amastage or inefficient use of energy

¢KS ¢SElFa / 2YLIW NRTt t SENargy Repostres tHat(TexhsOn@uindgyfribrd Q 1 nny
energy than any other statdue toits heavy industrial base, hot climate, and large papah.

I & ¢<péplladtieh has increased, so too has its demand for electrigitth population and
energy demand are projected to continue their strong growth in the future.

Doing more with less seems both feasible and affordasieiemand for power rapidly increases
energy prices rise, aralvareness of environmental and energy security concertreasesthe
report continues According to the.S.Department of Energy (DOE), much of the energy that
the United Statesurrentlyconsumes is wasted through transmission, heat loss, and inefficient
technology resultingin unnecessary energy spending and increased air pollution.

Increasing the use of reliable, energfficient technologies and renewable energy prowde
opportunities for the North Central Texas region to continue to grow and support a robust
economy moe effectively.

1.2  EnergyEfficient Lighting: LighEmitting DiodegLEDS)

2 KFG Aad SySNHeée STFFTAOASYOEK ¢KS LYGSNYyFdAz2ylt 9y
way of managing and restraining the growth in energy consumgtion L ¥ | LINR RdzOG 2 NJ i
delivers either more service for the same energy input or the same service for less enpergy

it is energy efficient.

In recent years, many energpfficiency lighting programs have moved away from conventional
technologesandtoward light-emitting diodes (ED¥ The North Central Texas region has
shown interest in LEDs for several years. A few examples are included below:

T ' RSOIFRS 323 GKS NBIA2YyQa (ONFXyaLRNIlFGAZ2Y LR
Organization bgan work on a regional plan to convert existing traffic signals to light
emitting diode (LED) lamps in the North Central Texas Ozone Nonattainment Area. It
achieved its goal of 90% deployment by May 2006.
1 In 2009, the Town of Fairview joined the Cree initiative, installing 82 LED
streetlights on its Fairview Parkway in an effort to reduce maintenance costs, improve
safety, reduce light pollution, and reduce energy consumption.
T LY HamnI hyO2NRa [ 95 Evaldatos prdgimfosiDjwasi t 24 | yR ¢
implemented to assed$ie ability of various LED streetlightsftonction in the unique
weather conditions of North Central Texas. More than 500 LED streetlights from various
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manufacturers were installed in Cedar Hill, Dallas, GRuadtie(see Figurd), North
Richland Hills, and Plano. The program was then expaind2@ll to include Colleyville
using LED post tops

Figurel. Main Street,Grand Prairieafter LED installation.
Source Oncor, 2012.

As seen in the below chaffeigure 2) LED technology (bottom blue bar) possesses great
efficiency potential.

Incandescent
I Bare Lamp or LED Package I
| * Includes integrated LED
——— lamps and LED luminaires
Compact Fluorescent (CFL)
—
b —
Linear Fluorescent
e——
o High-Pressure Sodium (HPS) s . |
Metal Halide | |
|
P S S S S S vl Sl |
+ t + } } } t 1
0 20 40 60 80 100 120 140 160

Approximate Efficacy (Im/W)

Figure2. Approximate Range of Eféncy of Common Light Sources.
Saurce: U.S. Department of Ener@013.
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lighting products such as LEDsmatnyet compete with their conventional counterparts on a

first-cost basispther features includingheir directional outputandlong lifetimehave proved

attractive enough tanake them competitive in applications such as streetlights and parking

lots.

In recent years, the switch to LED streetlights has become increasiiaglgpread With a

sizable installation that mayavehelpedreduce costs and improwechnology, the City of Los
Angeles replaced more than 140,000 streetlight fixtures with LED units and a remote monitoring
system over a fouyear period that began in February Z2D0n July 2009, Fairview became the

first town in Texas to have a stredtdintirely by LED streetlightaccording to a Cree press

release Starting in 2010, several cities in the Dafast Worth Metroplex area participated in

an LED pilot program with Oncor, installing 540 streetlights. That saményaaother part of

the country, the MidAmerica Regional Council (MARC) began the Smart Lights for Smart Cities
initiative, installingmore than 5,700 streetlightith high-efficiency technologias mostly

LEDR in 25 Kansas City area communitia®2013 MARC reponbted. According to &orbes

article, the City of Las Vegas outfitted more than 40,000 streetlights with LED fixtuvésrch

2013 and amonth later, the City of Austin announced it would install 35,000 LED streetlights.

Accoding to theEnvironmental Protection Agen@P4, improving energy efficiency is a prime
constructive and coseffective way to deal with high energy prices, energy security, air
pollution, and climate change.

The EPA and IEA report that improving epegtficiency can:

1 Improve air quality by reducing greenhouse gas emissions and other pollutants

1 Reduce costs, both when compared to investing in new generation and transmission
lines aswellaswhe® 2 y & A R S N ghargylsiNiBgR dadiiatedto conventional
products

According to the DOE, DHighting in
parking lots and structures are
competitive with their conventional
counterparts, even exceeding light
output andefficacylevels and
displaying more uniform light
distribution. They can also be
competitive on a lifecycle cost basis.

6th Street Bridge Over the Los Angeles River

For Steetllght applications! there have Before (High Preure Sodiu:'\) After (LED)

been mixed results. The City of Los  Figure3. Sixth Street Bridge in Los Angeles before (left) and after
L'yaSt SaQa Hnamo LIN (right) the LED streetlight installation.

odzi OSNRARTFeE&¢ | a (K Source:CityofLosABd SaQa . dz2NBF dz2@®&F { G NJ
its Lessons Learned slide. However,
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despite that warning, Los Angeles has seen electricity savinggo68% compared to high
pressure sodium (HPS) unitmore than its planners had estimated.

The potential benefits of using LEDs in parking lots, parking structures, and streetlight fixtures
include:

1 Energy savings and cost effectivenes&cording to a Landscape Architecture case
atidzReé 2y YteRS 2| NNBy t | MNlificiehcy LERkighting 48X ¢ SEIl 43
system saveapproximately 94,000 kilowatts of electricity every yeampared to
traditional lighting Projected saings are more than $11,000 each year. Pleasant Hill,
Mo., a participant in the Smart Lights initiative, saw average daily energy usage decrease
37.7% from 2012 to@13, with costs dropping 41.8% over the same perithie City of
[ 2a& ! y3St S d@&pott ardsizEDienengy efficiency program sho@aeh
energy savings, saving 91.93 gigawatt hours (GM#)$8,179,167 annually. This is
accompanied by an annual ©@@duction of 54,368 metricton$. & +S 3 4Qa OA( @
also reported exceedidh LINP 2SO0 SR al @gAay3aa Ay Ada adNBSi
sustainability officer said in a Sustainable City Network article that streetlights are
approximatelyongi KANR 2F GKS OAaAGeqQa G204l t SySNBAeé& &alL)S
that in halfwith this project. The city expects to save $2 million in energy and
maintenance savings with returnon investmentof sevento eightyears.

9 Reduction of ozone precursor pollutant® reduction of pollutanteemitted from the
NEIA2YyQa St SOGNRO LRGSNI ISYSNI G2NI LI Fyida

f Potentialreductionincrime.[ 24 ! y3Sf SAQ& . dzNBlregortei® { 4 NS S
10.5% reduction of citywide crime from 2009 to 2011 in the hours ffgmm. to 7 a.m.

f Decreased light pollution] 2 & ! y 3Sf Snstaldtion[séeFigurd) r@déived
positive comments from the Dark Skies Association for the reduced sky gloliglaind
pollution, according to a statement from the BSL director.

1 Ease of installation and operatiorhe City of Los Angeles also found that LED units are
smaller and lighter, so thegre easy to install and transport; other LED advantages cited
are their compatibility with remote monitoring systems, the option of dimmable drivers,
and instant on and off operation.

2
t A

02 dz
i

However, buyers must be aware that LEDs are still a relatively newdlegy. KS 5h9 Q&4 hF¥FFAOS
of Energy Efficiency and Renewable Energy adpisestial purchaserso do their homework

when comparing LED and conventional lighting.tNenhewness oL ED products also means

that there is the potential for much more imgvement in energy efficienagndsavingsas well

as a decrease in initial cost. See the following sections for more information on known

limitations and additional considerations.

1 Thelack of an approved LED streetligtariff. The largest regulated electric
transmission and distribution service provider for the North Central Texas region is
Oncor Electric DeliveryThere is currently not an approved LED streetlight tariff that
allows Oncor to offer LED streetlights to municipalitighin their service territory.
Oncor remains committed to testing and evaluating the latest advancements in
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streetlight technology throgh their LED Pilot and Technical Evaluation Progvhite

an LED tariff is pursueowever,until a rate is approved by the Public Utility

Commission of Texas, cities and municipalities interested in LED streetlights would have
to install and maintain th streetlights separate from Oncor.

The variance and rapid changes that come with immature technologiesa March
2013 fact sheet, the DQIhderlined two important issues related to LED products:ythe
vary andchange rapidl. LED products are not a mature technology althougi
efficiencyhas improved steadily over tim&hat improvement is expected to continue
based on new materials, new configurations, and better manufacturing processes

Howeverthe 2013Forbesarticle by Justin Gerd&s & [ 2& ! y3St Sa / 2YLX SiGSa
[ FNBSadG [ 95 { (pobté&dibut fhat duk id itsveigelahtiBnfiukrice; Eos

Angeles and its partners, the Clinton Climate Initiative and@d&s Climate Leadership

Group, have done much to jurmiart the market. This may mean that technology will

quickly become more consistertuyt this is still to be determined.

The many factors that need to beonsideed, from installation geometry anddcal
ordinances to LED warrantie€urrently, the DOE indicates that LEDtling is
competitive in parkindot applications, but it lists several factors that buyers should
consider. These include installation geometry, local ordinances, and lightirg.leve

C2NJ aGNBSiGfAIKGAY (GKS 5h9 FRGA&ASE GKIFG Ydzya O
range in performancesome luminaries doot live up to manufacturer claims. This

advice was echoed lifle ¢ 2 gy 2 F Rublik \Ndks Manaydvhen relayinghe

¢ 2 ¢ ¥XQetienceFairviewalso had issues with the warranty from their LED

manufacturer, who went out of businedsurthermore the DOEnentions difficulties in

finding an exact match for existitggh-intensity dischargeHID luminaries.

In addition, the DOE advises that purchasers should consider not only energy efficiency
but also other factors such as operating life and lurdepreciation, expected lifetime,

and light output and distribution. Light output might also change over time, especially if
light maintenance doesot include cleaning. As mentioned in the Oncor LED Streetlight
Pilot and Technical Evaluation Programecstsidy, light output can degrade significantly
(up t011.66%) with dirt.

The guestion of howLEDs perform in severe weatheéFheOncor pilotprogramaimed

to answerthis question Looking at six different manufacturers at the first set of pilot
locations (excluding Colleyville), the Oncor program assessed the performance of the
LEDightsby seasor{seeTablel).
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Tablel. Oncor Dallagort Worth Pilot Summarg Number ofFailuresdby Season

March-May (Spring) 17
JuneAugust (Summer) 4
SeptembeNovember (Fall) 15
DecembefFebruary (Winter) 7
Total 43

Source: Oncor LED Streetlight Pilot diedhnical Evaluation CaSeudy,2012.

The 43 failed fixtures equate to an 8.53% LED failure rate; the HPS failure rate for the
aFYS GAYS LISNA2R gla 1ToHpE:® , Six gKAES
reliable as HPS lights, the difference is not substantial. Irtiaddpilot cities responded
favorably to the lights and sattley would likeLEDss an option once a suitable price

LR2AYG A& NBFOKSRI | O0O2NRAY3I G2 hyO2NXRa LAf240
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Thelearning curve For example, some LEDs may fail because their heat tolerance is less
than traditional lighting. This may have been the case athED installation at the

Green at College Park (University of TexAslington)[CSL1], according to the project

case studyontact While the LED lights on poleavenot had anyissues, the LEDs in

ballast boxes were burning out. Improving the ventilatappeaedto have resolved the
issue.

To accelerate the learning curve, the DOE created the \d@icipal SolieState

Lighting Consortium, where members can share technical information and experience
related to LED street and area lighting demonstrations. The goal is to build a repository
of valuable field knowledge and data @t the consortium ca serve as an objective
resource. (For more information on the consortium, visit
wwwl.eere.energy.gov/buildingssl/consortium.html)



file://///NCTCOG.DST.TX.US/office$/Envir/Home_Public/Ashley_Hallman/www1.eere.energy.gov/buildings/ssl/consortium.html

The following tabléTable2) from the DOE is not transportatiespecific, buit serves to show
that prices for LED lamps are significantly higher than conventional lighting sources.

Table2. Prices of Lighting Sources, 2014.

Lighting Source Price ($kim)
Halogen Lamp (A19 43W; 750 lumens) $2.9

CFL (13W; 800 lumens) $2

CFL (13W; 800 lumens, dimmable) $10
Fluorescentamp and Ballast System (F32T8) $4

LED Lamp (A19 12W; 8@@nens, dimmable) $16

/| C[ cé¢ 52¢ytA3aKG omo2T ¢r $10

[ 95 cé¢ 52¢yfAIKE O6mMmdp2 T $43

OLED Panel $500

OLED Luminaire $1,400
Source: U.S. Department of Energy, SSligte Lighting Research and Development: MYi#tar Program
Plan. 2014.

However,Table2 shows only initial cost. The DOE analysi®akd that an LEDampreaches
cost parity with a halogen lamp after only 1,700 hoamnsl that utility rebates loweretd ED lamp
costs even further.

In addition, increased deployment has improved the product while driving down costs. The Los
AngelesBSlfound that an LED street fixture installed in 2009 cost $432 on average, illuminated
at 42 lumens/watt, was expected to last 80,000 hours, and hageab warranty. In 2012, that
same fixture cost $245 on average, illuminated at 81 Lm/W, was expected to last at least
150,000 hours, and came with ay@ar warranty.

The BSkstimates that the switch to LED streetlights has provided thev@ityenergy savings

of 63%as of October 1, 201emonstratinghat efficiency improverents can beconsidered
investments, he June 2013 presentation reported that the program has saved approximately $7
million per yearn energy savings and $2.5 million per year in maintenance savings.

While utilization of LED streetlights in the North Central Texas region may be limited for now

due to the lack ofin approved tariff for LEBtreetlightsfrom Oncor LEDs are a technology to

watch. According to the 2014 DOE S@&idte Lighting Research and Developmeportz & [ 95 a
have not even begun to scratch the surface of their potential [in energy saamjannual
SySNHe 02ai al @gAay3as ot

Another lighting option is LEDs paired with solar panels. Se®libg/ing Renewabl&Energy
Lighting section for more information.
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1.3 RenewableEnergy Lighting: Solar

1.3.1 Overview

Another emerging interst in North Central Texas is solar power, a renewable engéhgysun

produces immense amounts of energy that can be converted into heat and eleciictyrding

totkS ¢ SElFa / 2YLINRT f S Hie@yRepodzxagioSesseOtBedalggsti 8 Q HAny
solar energy resources among the statle to itslarge geographic area and abundant

sunshine When renewables are used in place of fossil fuels, they have great potential in

reducing greenhouse gas emissiptie EPA reports.

Solar energy technology is used on both large and small
scales, from solar farms to road maintenance signs. C
potential advantage of a smadkale solar energy
system is that it may eliminate the need to connect to
the electric grid if it includes storaguch as a battery
systemwhich provides additional benefits in
emergency preparedness and natural disaster respon

For streetlights, solar energy technologies can be pail
with LED$ecausd_EDs draw a fraction of the energy
required by traditimal lights. As noted ihEDs
Magazind | NI A Of S GRoWefed LED& S
[ AAKGAY3IZe (GKS GSOKyz2f213
energy storage is rapidly developing, creating great
potential for solar LED lighting.

[ 95 )

One early adopter was Loakéd Martin in 2009. After
an assessment of its Orlando, Fla., facility revealed th
its 25year-old streetlights and their underground
wiring needed replacement, the company chose the
standalone solar LED lighting as the ceffectiver as
well as enviromentally friendly and practicalchoice
G2 tA3IKG Ada SyaNlr yOS N2
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Figuredd ¢KS / AGe 27F
loop road. streetlight.

Source: City of Irving.
Another entity that saw the potential of solar LED

streetlightsyears ago was the City of Irving, Texas
(Figure 4)In 2011, it completed itgstallation of170
solarpowered LED streetlights along a $nfle stretch

of Irving Boulevard from State Highway 183 to Loop 1.,
replacing 266 grigtonnected streetlights.




Because solar energy does not requireiti¢o the electric grid and solar pals can be quite
small, solar LED lighting can also be used to light trails and bikegsasieen in demonstration
projects in Pflugerville, Texa3hiladelphia, PgFigure5) [CS35]; Santa Barbara, CaljFiguret)
[CS24]; and Portland, OrdFigure?) [CS26].

~

igure5. Solar lighting installation on Pent Figure7. LEBMark Light Demonstration

Street Trail, Phlladelphla, Pa. Project, Port]and, Ore.
SourceDelaware River Waterfront Source: Saris Cycling Group.
Corporation.

i:igureG. Solar lighting used in the Obern Tral
Retrofit Project, Santa Barbara, Calif.
Source: County of Santa Barbara.




Cost savingsAccording tahe IC Institute, a research unit of The University of Texas at

Austin that works to advance the theory and practice of entrepreneurial wealth

creation, the cost savingd solar LED lightincan be substantial. These savings come

from the value of fossil fuelrice hedging as well as avoided generattapacity capital

costs, fuel costs, andistribution costsAs seen in a case study of the Lockheed Martin

facility, the lack ofequiredunderground wiring can save substantial capital cosing

an energy management system and §5tems with solar LED streetlights that each

illuminateda 125foot stretch of roadway,tie projected initial cost and maintenance

savings of solar versus hard wire was $221,000 over 20 years.

Energy savingsThe City of Irvingxpects to save an estimated $1 million in energy costs

over the next 10 years.

Improved air quality Fossil fuel power generation is decreased, reducing emissions that

contribute totheNBS IA 2y Qa | ANJ L2 f f dzi AtAtys. | YR 21 2y S y2yI
Increased public safety for areas wheselar lights may be the most feasible

protective measure For example, the LEMark Light Demonstration Project in

Portland, Ore., an inoad solar LED lighting installation on a curved road visible from a

distance of 1,000 metelis intended to steer drivers away from the bike lafbe case

study reported that norsolarpowered inroad lights werainfeasibledue to installation

cost.The Santa Barbara, Calif., installation on a bike pathhédgdighted improved

safety as a benefiue tobright lights and high visibility.

Installation flexibility. The small size of panels and lack of required underground wiring

may offer installation flexibility. According the City of Pflugervilleltfley St 8 Q avYl f £ &A
made relocationeasywhennecessaryThe Forbed NIi A Ot S 42 KSy o0l yR 2 KSNEB
Lighting Makes Senééighlights sveral projects that used solar lighting where there

was little or no existing lighting infrastructura residential developmerthat added 21

lighting poles after the other utilitiekad already been buriedn arboretumthat could

not install gridtied lights due to concerns over root systems; and a business that

wanted to add nighttime events quickly while avoiding major construction.

Autonomy from an electric companylhe Santa Bhara, Calif., case study highlighted

the autonomy that a standalone solar installation gives to the local agency, with no

need to rely on an electric company for maintenance.

Resiliency in emergency situationSolar streetlights can operate during povertages

and can be valuable additions to hazard mitigation action plans and other emergency

response plans.

Continued innovation and improvementsiccording to theeEDs Magazinarticle,

O2YLI yASa Ay GKAA AYRAAGNE FNB 2dad aONI GOKA
author sees quantum leaps in the development of LED lighting, solar cells, and energy

storage already underway, and says that with every advancement, itenailtiply

through the system.
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Theintermittent source of energythe sun) which may lead to a need for batteries or

grid connectionTheLEDs Magazine NIi A Of S G ¢ KiS2 ¢ $ NISR T2NF { [2X 3 A A
stated that solar LED lighting installations will need batteries unless connected to the

grid. The articladvisel that solar panels and batteries be adequately sized for the

period of longest nights, shortest days, and cloudiest weather. The Cigafyf 3 Qa a2 f | NJ
fixtures were expected to retain about four to five days of power so ttayproduce

light even on cloudy days, report&hllas Morning News

The importance of the surroundings, both present and futui®olar panels need the

adzyQa SySNHe (2 ¢2N]® LF¥ GKS tA3aIKGa FNB LIXI O
could produce inadequate light. Another consideration is the future environment

becausdrees grow and building heights change. Thisossn may be mitigated by the

ability to move the lightf it is a standalone installation.

The need for caution and research with emerging technologiek S 5h9Qa I RJA OS
cautious about LEDs also applies to solar and LED lighting. The Santa, Bzalifaraase

study highlighted the need to do researahd to procure materials from reputable

O2YLI yASa tA1Ste (2 SEAAa lbecaddwnichdBis LINE RdzOi Q&
lighting is proprietary. The project owner alsoted the importance of procuring a

contractor with experience with the technology.

Environmental concerns related to the PV cell, whickimilar to ewastetr contains a

number of hazardous materialsiccording to the Union of Concerned Scientists (UCS),

if these toxic mateals are not handled or disposed of properly, they could pose serious
environmental or public health threatThe Texas Solar Energy Society relays this
concernonitsweblJ- 3S & { 2 f I NJ -ofkie:(SRicd2\alley Thxizs Coglifon

StoppingKS {2t I NJt K2(G2@2ft Gl A0 21FadsS {GNBIY . S¥2N
available atvww.txses.org/solar/content/solaphotovoltaicend-ife.
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http://www.txses.org/solar/content/solar-photovoltaic-end-life

1.3.4 Costs and Life Expectancy
Street Lighting

The City of Irving used a $2 million grant from the
Department ofEnergy to fund an installation of 170
solarpowered LED lights along a Srle stretch of
Irving Boulevard from State Highway 183 to Loop 12
replacing 266 gristonnected streetlights. The
installation was completed in January 2011. The
batteries are expeted to last 10 years, and the city
expects to save an estimated $1 million in energy
costs over the next 10 years. It foresees a payback
period of 16 years.

In the Lockheed Martin case study published in
Alternative Energy eMagazina comparison of
price between solar and Agowered fixtures over a
period of20years found that 35 solar LED
streetlights would cost $342,000 (including purchase
price and maintenance) versus $563,000 for
conventional Agowered streetlights (including
new wiring and electdity costs).

In Richmond, Vathe 21 solar streetlights used ly
40-home residential developmerut installation
costs in half, saving the developer nearly $600,000
onthe installation, according to thEorbesarticle.
Theinstallation survived two hurricanes with no
issue.

Trail

The Santa Barbara, Calif., project installed 77 solar
powered LED lights on a bike path. Each unit costs

$3,890, including the light, pole, battery, solar panel,

and all associated hardware. Thamanty for the
electronics, wiring, and luminaire is 10 years, and
the warranty for the mounting hardware and solar
panel is 20 years. The installation was completed in
October 2013. The maintenance is expected to be
minimal.

On Penn Street Trail in Ridelphia, Pa., the cost of

material and construction for 15 solar light poles
and luminaires provided by HEI Solar Light was

21

WALKABLE SOLRRNELED

PATHWAY
GEORGE WASHINGTOMNWERSITY,
VIRGINIA

Solar panels arrot installed only on light
poles. In the fall of 2013, the first walkable
solarpaneled pathway in the world was
AyaildlttSR 2y DS2NHS
Virginia Science and Technoldggmpus [CS
39].

The sidewalk boasts a solpowered trellis
and 27 slipresistant semiransparent
walkable panels. The trellis creates energy
that feeds back to one of the education
buildings. The 100 square feet of walkable
panels have a combined avgeof 400watt
peak capacity (Wp)enough energy to
power 450 LED pathway lights below the
panels. As mentioned in a May 2014 CityL 3
article by Nate Berg, it ay 2 i SEI
power plant, but a scalable idea that takes
advantage of huge amounts of power
ONBFGAYy3a LRGSYGALl f
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Figure 8. Walkable solmowered pathway.
George Washington University, Virginia.
Source: Studio39.




approximately $202,500. The pole includes the battery and solar panel. The installation was
completed in 201&nd is the first phse of a multimile trail. The project manager reports being
very happy with their performance, low level of maintenance, and aesthetics. While a cost
analysis for the solar lighting versus traditional lighting watsperformed, the case study notes
that installation of the solar lights was cheaper because theydidave to be tied into the

grid at all. Without electricity costs, a logrm cost savings is also expected. The batteries are
estimated to last about five yeargvhile this projects the first U.S. installatioof the HEI Solar
Light product, ithas been on the ground in Europe and the Middle Easte June 2008 when
the first project to install the lights waompleted inVienna, Austria.

In-Road Lighting

Sars Racks donated 20 lights to the Portland Bureau of Transportation for the pilot project in
2013. The cost of each ligivas $120$145. The cost of the epoxyas $7-$10. The installation
cost (including mobilization, traffic control, grinding to ctensink in the roadway surface, and
additional epoxywas$1,189. According to Saris, the lights have a battery lifavefto seven

years.




SECTIOR: RecycledConstruction Materials

Pavement produced
using slag, recycled
concrete and/or ground
tire rubber

Subbase containing
recycled concrete

Figure9. An illustration of recycled construction material.
Sourcet KS / A (i@ Ghitagd GidelleyHahdbaok2010.

2.1  Overview
Recycling is not a new concept for the transportation indusiing. Texas Department of

Transportation (TxDOT) has approved specifications that specifically call for the use of recycled
materials and assembled information on promising and readily available materials.

l'a LI NG 2F GKS ¢ ES5h ¢ Qanindustly panefiidentiiies hef@éwing 3 Ay A G A L (
recycled materials as offering engineering benefits and-effsttive pricing, having no known
environmental risks, and being readily available in large volumes:

T
1
1
T
1
T
)l
)l
)l
)l
)l
)l

Asphalt shingles

Coal combustion byproducts)cluding fly ash, bottom ash, and hydrated fly ash
Compost and mulch

Glass

Industrial sands

Metals, primarily steel and aluminum

Plastics

Reclaimed asphalt pavement

Recycled concrete aggregate

Slags, including ground granulated blast furnace slag
Soils, mcluding petroleurrcontaining soils

Tires and tire rubber




TxDOT has assembled information packets on the above materials, including research
summaries, specifications, and sourcdsit the Roadway Recycled Materials Summaries
aSOlAz2y 27F ¢ESHe/QEoESHER G S

Recycled materials offer design versatility,
often have a long lifespan, and can require
less longterm maintenance than similar
products constructed from natural
materials, according to the Hill Country

I 2y aSNDI y Oe QidelindsN(Fok f
more detail on recycled materials in trail
applicationsseeSectiord).
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Some projects that utilized recycled
materials in the North Texas region
includethe Fort Worth Nature Center and
RefuggCS12], which incorporated
recycled crushedoncrete in its

permeable parking lofsee Figurd.0);
Merritt Road in Rowlett, TexafCSL7]
which used recycled materials in the
pavement section and the trench backfill;
and the Green at College Park (University
of Texag; Arlington)[CS1], which used
concrete amended with fly ash and

3 crushed concrete for a base material. The
g Green at College Park also incorporated
recycled glass pervious paving as a trail
surface. The Katy Trail in Dallas, Te}@S,
7] has a recycled rubber surface for soft,
pedestranfriendly path sectiong¢see
Figurel)T DNJ YR t N} ANAS Q& a 2 dzy
Creek Lake Park TriilS14] uses recycled
crushed concrete; and Trinity River
Audubon CentefCS9] hastrail sections of boardwalk made from recycled bottles and sawdust

Figurel0. Top image: The Fort Worth Nature Center
and Refugésource: City of Fort WorthBottom image:
KatyTrail, Dallas, Texas.

Oneeasyway 2 dzaS GNBOe Of SR YFOSNAIFE Aa (2 arayLX e NE
take it to a landfill. At the Dallas Urban Resdi@8&5], debris left on site was reused as raw

material for flagstones, retaining walls along the roadway excavationaarahtrance sign. At

Timber Creek High School in Fort WIg15], the excavated rocks were repurposed in the

green stormwater infrastructure. In Wimberley, Texas, the Blue Hole Regional Park flt&@ect

22] reused the material frondemolished roads fogravel. In addition, iteused invasive tree

material for items such as fencing, light poles, and play structamdsshredded the remainder

for mulch, softsurface trails, and play areas
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http://www.txdot.gov/inside-txdot/division/general-services/recycling/materials.html

2.2 Potential Benefits

1 Waste diverted from landfillsWhen products are made of recycled materialfgh
materiak do not end up wasting valuable landfill space.

1 Reduced need to extract or produce resourc@&oducts can use recycled material
rather than virgin material.

 Reduced C@emissions

1 Can help develop technologieend may provide superior engineering performance
Recycled materials can offer great promise and solve probl@& Y I & ¢ NI Af Qa
pedestrian path used recycled rubber because it was softer than traditional surfaces. A
Public Roadarticleby Rebecca Davidledd [ Sa a2y a [ S NYSRY ¢E5h¢Ua ¢
LYONBlFasS (GKS | 4SS peo¥idedvedyoledplast anadieadptidgl & > ¢
rings as an example of a recycled product with superior engineering performance, a
lifecycle cost advantage, and environmental benefits. Dagted that the recycled
rings are lighter in weight and less fragile than theaditional counterparts while
maintaining their strength. In Alexandria, Va., the Department of Recreation, Parks and
Cultural Activities installed the pervious Fi@dve surface throughout Dora Kelley Park
[CS38] (see Figurell). The parksufferedfrom flooding issues, and the department was
limited in the surfacingype that could be put in a national resource protection area.
According to the department, the surface neededmpervious, but gravel or nhan
would have washed out. Instead, it cleoBlexiPave, a hard surface that was still
pervious.Asthe material installed was made from recycled rubber passenger tires (in
this installation alone, 1,597 tires were used), FRave had the additional benefit of
diverting waste from
landfills

1 Cost savings.
Repurposed items can
also save the project
owner money not only
onthe cost of the item,
but alsoon the costs to
transportthat item
from where it was
sourced. The
engineer/landscape
architect for Timber
Creek High School in ) 7 A I NN ; :
Fort Worthrepurposed  Figure11. FlexiPave at Dora Kelley Park, Alexandria, Va.
the excavated rocks Source: City of Alexandria.
and reduced
transportation costsvith the added benefit ofeducing associated emissions.
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2.3

The Blue Hole Regional g i~ oAy
Parkproject (see Figure § O

nature-based play features for children were

12) found substantial T 4
cost savings inreusing  § $230,000
AN St FTNRBY §ommerr™ g
demolished roads. ;
Reusing excavated
boulders and limestone
saved a additional
$40,000 In addition,
the design team saved
approximately
$230,000 by reusing
tree material removed
during construction for
fencing, light poles,
wheel stops, and
nature-based play
structures. Leftover
wood was double
shredded for muich,

Figurel2. Invasive ashe junipers were repurposadd remaining
cedars were shredidfor mulch, softsurface trails, and play
areas at Blue Hole Wimberley Park.

soft-surface trails, and  soyrce: Design Workshop.
play areas.

Limitations/Considerations

Verification of performance, environmental effects, and lorsigrm costs of new,
innovative recycled materialRecycled materia canoffer performance advantages
unattainable with virgin materialsand awide array of recycled materia¢xceeds
standards However, a produainade from recycled materidd not necessarily a better
choice. Ainnovatd S NB O& Ot Engine¥ringipfopkitiestnged to be verified. The
environmental quality and effects of the material atsgedanalysisResearch and
demonstration projects may be nessaryto determine effectiveness and lorigrm

costs.

One examplef this experimentation is provided by ti@tyof Santa MonicaCalif[CS
25]. Facing an escalating number of sidewalk repairs and maturing trees with invasive
root systemsthe Citychose a recycledubber-and-plastic sidewalk in an attempb

both reduceescalating numbers of tearuts and concretee-poursand save its urban
canopy. The first concept was to use brick payseg Figurd.3, top left), but the pavers
created an uneven surface area wheots encroached fromunderneath, increaing

the potential for tripand-fall hazardsThe city has tried several iterations of rubber
sidewalkgseeFigureld) YR Yy 2 ¢ Kanhd& SIS ¢4 4. IThéékpéramBr&id

not panout as the @ i & Qldenefit Ari@liisis forecastl, and the @y sawissues with
warping and expansiorMany rubberized panels lasted only two years rather than the
projected seven to 10However the CA i & Q & supeiviNds rSpbrted that théast
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iteration (TerreCoolhas been working well, artie manufacturer claims that the
product willstay 10% cooler than regulaoncretesidewalks on hot days.

Figurel3. Santa Monica. Top lefbrick pavers. Top rightubber pavers. Bottom lefsecond
generation TerreWakk Bottom right third-generation TerreWakk
Source City of Santa MonigaCalif.

2.4  Costs and Life Expectancy

Recycled materials may be less expensive than new matdr@igever.even if theinitial capital
costsare higher, recycled materialsould be deemedeasonable if they supply superior
performance compared to new materials. The College Green case study noted that the use of
concrete amended with fly ash doast add any cost compared to traditional concrete.

I O0O2 NRAY 3 (i 2 PoblicRhal Eraspdrtlifinidéivey coktyand disposal costs for
job-site materials may also be less. (The product may be lighter, easily manufactured in multiple
places rather than purchased from one source far from the project site, or easily recycled itself.)
In addition, project savings can also be foundhe reuse of site materiabhther thanthe

purchase of/irgin materials.

Atthe Dora Kelley trail resurfacing project, the Feaive surfae was installed in Augug012. t

is too soon to know if it will last the expected-26 years, but they hénot experienced any

issues with ias of 2014At the Katy Trail project, the recycled rubber surface was expected to
lastsevenyears; it has already surpassed that, and a recent inspection showed mostly minor

wear and tearwWhileil KS / Ade& 2F {Fyidl az2yAOl beendtg@iOe Of SR
fulfilled their projected life expectan¢the manufacturer is continuingptwork on the product,

so itis possible the life expectancy will improve.

For information specific to asphalt and recycling, see Appendix E.
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SECTION &ool Pavements
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High albedo pavement Conventional pavement

Figurel4. A simple illustration of highlbedo pavement versus conventional pavement.
{ 2dzNDOSY ¢ KS Chicégd Graen AlleykHar@boaR200 a

3.1 Overview

Cool pavement technology isme key strategy iRReducing Urban Heat Islands: Compendium of

Strategies,a publication from the U.S. Environmental Protection Agency)(ER#&ement

comprises the largest percentage of land cavéilom 30% to 45% in many U.S. cities,

FOO2NRAY3 (2 (GKS 9t! Q& | NI I y thiniSdf gaveinenfas Yy R t N2 2 S O
limited to streets and highways, pavement is also used for road shoulders, driveways, parking,

patios, sidewalks, and ancillary surfaces. These surfaces conttibiite urban heat island

effect by absorbing and storing solar ener@pnventional pavements are impervious concrete

and asphalt that may reach 150°F in summer. The impact of this he#ttn®t only during the

day, these surfaces can transfer heat down into the subsurface, vihem re-releasesthe heat

at night.

While the EPA notes that cool pavement technologies are not as advanced as other heat island
mitigation strategies and that there is no official standard or labeling program to designate cool
paving materials, its a green practice/orth consideing, given how much pavement a city
contains.

One type of cool pavement is higiibedo pavementhat reflects sunlight from the surface
rather than absorbing iBecause it altgbsless heafrom sunlight, the pavement radiates less
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heat, reducingthe urban heat islan@ffectand consening energy through reduced cooling
needs and improved air qualith composite index called the solar egdftance index (SRI)
estimates how hot a surface wilecomewhen exposed to full sun. It varies from 100 for a
standard white surface (coolest) to zero for a standard black surface (hoffetle3 provides
a few examples.

Table3. Solar reflectancéalbedo) and solar reflectance index (SRI) of select surfaces.

New asphalt 0.05 0
Aged asphalt 0.1 6
Aged concrete 0.2-0.3 19-32
New concrete (ordinary) 0.350.45 3852
New white Portland cement concrete 0.7-0.8 86-100
a2RATASR TNRY | (Fo6fS FTNRBY /2y ONKBASS. ¢ KAY{SNE a. SySTA

High-albedo pavement can be used under a wide variety of site conditibmeludes
conventional asphalt pavements modified with higlvedo materials otreated after

installation to raise reflection, conventional concrete pavements, other reflective pavements
such as resHbbased pavements, chip seals, whitetopping, and microsurfacing.

The definition of cool pavements has lmeextended to include permeable pavemetitat allow

air, water, and water vapor into the voids of a pavement, keeping the material cool when moist.
Moisture evaporates as the surface heats, drawongheat from the pavement. Permeable
pavement syems containing grass or lelying vegetation can stay particularly cool, according

to the EPA.

Alternatives to cool pavements include reducing the amount of paved surfaces (for example,
narrowing street widths) or shading the pavement with trees. Sodanels can also shade
pavementswhile simultaneouslygenerating electricity.

3.2 Potential Benefits

1 A more comfortable environmentCool pavements in areas where people congregate
may provide a more comfortable environment during hot weather. The Green at College
Park (University of TexgsArlington) projecf{CS1] expects to mitigate theirban heat
islandby utilizing shade and paving materials with an SRI value of 29 or greater. The
Chicago Green Alley progrd@S29] employshigh-albedo concrete, pervious concrete,
and brick pavers with a high SRI. Its monitoring data shows thigihealbedo green
FffSeQa LI @SYSyd adzNJFthad23 Goblaf bisnNchdilial NS Ol y 6 S
asphalt.
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1 A reduction ofurban heat islandeffects, which in turn helps conserve energy, provile
cost savings, and improgair quality. TheSouth Grand Bdevard Great Streets
Initiative, a Landscape Architecture Foundation case study forl@daik corridor
redevelopment in St. Louis, Mo., projected tlimareas where asphalt was replaced
with high-albedo pervious concrete, the peak grouledel temperatire could decrease
by 7.8F. The project is also estimated to save electric consumption in cooling (7.8% to
15.6%).

1 Enhanced nighttime visibilitypf reflective pavements, which could save both money
and energy.This assumes that reflective pavementay decrease lighting
requirements.

1 Lowered stormwater runoff temperaturesCool pavements can result in lowered
stormwater runoff temperatures, so aquatic life experiences less thermal stress.
According to the Dallas Sustainable Skylines Initiative Bp®kt, cool pavements can
contribute to meeting stormwater quality standards, potentially reducing runoff
temperatures by 24eC.

Other benefits associated with permeable pavements, such as improved water quality, are
found in the Permeable Pavementscten (see Section5.1.2).

3.3 Limitations/Considerations

1 Unintentional consequences of reflectiorfzor highalbedo materialsteflected heat
maybe absorbed by surrounding buildings, warming them and contributing to the
nighttime urban heat islaneffect. Certain higtalbedo materials may also have high
glare.

1 Unknowneffects fordry permeable pavementsThe EPA notes that more research is
neededto better understand the effect of dry permeable pavements on ambient air
temperature.

3.4  Costs and Life Expectancy

¢ KS ®Reducd@Urban Heat Islands: Compendium of Strategpest emphasizes the

challenges in comparing the costs of conventigraaling materials with those of cool

LI gSYSyGad LG LRAyGa 2dz2i 0KFG adKS O2ad 2F Lye
contractor, the time of year, materials chosen, accessibility of the site, local availability of

materials, underlying soils, sipéthe project, expected traffic, and the desired life of the

LI @SYSy il dé

Thus, the comparative costs table included in the report {E&ale 4)s to be used with caution,
especiallypecausehe numbers come from a 2008 document
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Table4. Comparatve Costs of Various Pavements

Approximate Estimated
Examples of Installed Cost, Service Life
Basic Pavement Types Cool Approaches $/square foot* Years
New Construction
Asphalt (conventbnal) Hot mix asphalt with $0.10$1.50 7-20

light aggregate, if
locally available

Concrete (conventional) Portland cement, $0.30$4.50 1535
plainjointed
Nonvegetated permeable Porous asphalt $2.00$2.50 7-10
pavement Pervious concrete  $5.00$6.25 15-20
Paving blocks $5.00$10.00 > 20
Vegetated permeablgpavement  Grass/gravel pavers $1.503$5.75 >10
Maintenance
Surfaceapplications Chip seals with light $0.10$0.15 2-8
aggregate, if locally
available
Microsurfacing $0.35%$0.65 7-10
Ultra-thin $1.50$6.50 1015
whitetopping
*Some technologies, suas permeable options, may reduce the need for other infrastructure,
ddzOK a ad02NXolF GSNI RN AYyas (Kdza f26SNAYy3I | LINR2C

are not reflected in this table. (1 square foot = 0r6%
Source: EPAReducing Urban Hedslands: Compendium of Strategi2f08

C2NJ Y2NB Ay T2 NR¥dudng @riyad Heat &Bnd€ €dmg@eaadium of Strategies
chapter on cool pavements, available online at
www?2.epagov/heatislands/heatislandcompendium



http://www2.epa.gov/heat-islands/heat-island-compendium

SECTION Zrail Materials

Figurelb. Left: Mountain Creek Lake Par
& Recreation DepartmentRight:the College Green at University of Tex&dington §ource: Gus
Chavarria).

4.1 Overview

This section provides information on a wide range of available green trail surface options. These

include:
1 Permeable concrete pavement and pavers
1 Permeable asphglrecycled asphalt, and recycled glassphalt
I Native soils
1 Alternative surfacing products that are derived from industrial processes or that use

recycled materials or natural gyroducts
Crushed aggregates
Solid materials such as wood, rock, and recyalddber and plastic

= =4

However, srface material is only one of many decisions to be made in trail design and

construction! Yy I aF T A ¢NFXAfAaQ Hnny wriokestlpgpgery ¢ NI At { dzNF
designed trail is critical for water management and dagjeas is awareness of critical or

sensitive habitats. While the trail width will necessarily dependuaticipated use, a smaller

corridor and trail tread will disturb less area. Smaller trails also expose less soil to erosion and

invasive plantand are less disruptive to sensitive habitat areas.




The myriad topography, soils, hydrology, and
vegetation on each trail is often as diverse as it
users. The needs and wants of joggérsrseback
riders, bicyclists, and those walking with strollesig
differ. The American Association of State Highway
FYR ¢NIYALRNIIFGAZ2Y hTTFA
5S@St2LIYSy il 27F . A Qédarfcs
on a range of design components. This guide and
other appropriate resources should be consulted
when designing a trail and selecting a surfdoe.
addition, the Americans with Disabilities Act (ADA)
I O0SaaAoAftAGe FdZARSE AYS
stable,andsliNB a A a il yi oé

FT21

Figure 16 One traditional trail surface and one
recycled surface at the Katy Trail, Dallas, Texas.

The importance of both design and maintenance ar
shown by the Tinity River Audubon CentefRAC)
case studyC|® ¢ wopetafivas director reported that the steepness of many slopes has

resulted in rapid erosion. The director underscored the importance of understanding the
KeRNRf23& 2F | aAdSy adaA3sSadiy3a dGKFd ¢w!/ Qa (NI
mored g A G OKol O1ad ¢KS /AGe 2F 5FfflFaQa LINR2SOG Yy
with the assumption that daily or weekigaintenance would be performed; however, ttias

not been possible due to staff and budget constraitichmay have affcted trail

performance.

Some important factors to consider include:

Existing soil and environmental conditions
Aestheticconsiderations

Anticipated trail use

Availability of surfacing materials

Overall management strategies and maintenance

=A =4 =8 -8 =4

Thefollowing tablesd dzY Y NAT S Ay F2NXF A2y FNRY !ylLalT A ¢NIA
NELRZNIZ GKS ¢SEFa 5SLINIGYSYyd 2F 1 SFfiKQa o6221f S
{FyGF / NYzZl Q& a¢NFAf al (§SNRandHEl/ 2 ¢z & RB A A2 ¥ ¥ RN 2 W QB
2010 Violet Crown Trail Final Master PMfhen applicableareference to therelevantNCTCOG

case studys included.

>

p
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4.2 Potential Benefits

Table5. Green Trail Surface Descriptiarsd Potential Benefits

Native soil

Wood fiber (shredded wood, engineered wood chips)

Crushed bark and Baritdulch may be used, according
to the Texas Dept. of Health.
Soil cementkurfacingalternatives

Examples and descriptions from the Rio Grande repc
Natural Pave XL, a resin pavement binder emulsion t
is appropriate for riparian areas; Soiltac, a
biodegradableitjuid copolymer; SoiBement, a
polymer emulsioreffectivefor dust control, erosion
control, and soil stabilization. Othérands are also
mentionedin the Rio Grande repart

Granular stone/crushed aggregates/decomposed
granite

Permeable asphalt

Permeable concrete

Rubber/plastic/dass products (excluding boardwalk)

Examples and descriptions from the Rio Grande and
Santa Cruz reports: EcoTrack, which may provide ye
of highperformance outdoor use; FiltedPave, made
from recycled glass held by a flexible elastoimetue;
Geoblock, interlocking blocks made from recycled
plastics; and Gravel Pave 2, porous paving with heav
load-bearing support and containment of gravel. Othe
mentioned: Geoweb, Nike Grindnd Super Deck.
Wood boardwalk

Recycled boardwalk (Trex)

Native material. Easiest for volunteers to build and maintain
Somewhat permeable. Lowest cost.

Some wood fiber is soft, spongy, and good for walking.
Permeable. Moderate to low cost. If the fiber is reused from
on-site waste, it also may provide additional savings and
environmental benefits.

Makes use of natural materials. Binders vary. Can produce i
firm, stable, slipresistant surface with proper installation.
Accommodates multiple use Moderate cost.

Soft surface can be compacted to firm. Crushed concrete m
make for a softer surface than concrete or asphattd be
acceptable for crossountry runners. May not float away in
runoff, unlike some wood fiber. Natural materidlccessible.
Moderate cost.

Hard, flexible pavement. Supports most users. Permeable.
Timetested material. Can be tmred to match the
environment. Low maintenance.

Hard, nonflexible pavement. Best in areas of extreme
environment. Can be colored and formed. Supports multiple
uses. Accessible. Resists freeze/thaw. Durable. Low
maintenance.

Innovative.Examples include: Kafyail, Dora Kelley Park Trail
and the Green at College Park. Increased lifesgasier to
install Rubber is soft and more suitable for joggers.

Necessary in wet or ecologically sensitive landscapes. Natu
looking. Mediunmaintenance. Can be built by volunteers.

Made from recycled material (recycled milk bottles, water
bottles, and sawdust).

This is a modified version of a tableMiolet Crown Trail Final Master P|&010.

34




PERMEABLE TRAIL RS

When a trail idocated in a more natural area, it may seem unnecessary to increase the
permeability of trail surfaces or to incorporate green stormwater infrastructure. But, as seen
the Red Oak Creek Trail case study [CS 3], adding these in key areas may provimmgfitat
Red Oak Creek Trail is a mostly concrete trail in Cedar Hill, Texas, but it also includes more

guarter mile of decomposed granite trails, decomposed granite accents to various amenity &
and landscaped beds.

A recent trail enhancemedrwas the removal of part of an asphalt street; in place of that street
open channels and landscaping were installed to help filter runoff from anrexiseéighborhood
(seeFigure 17. Previously, water would run down the street and discharge théogreenbelt
adjacent to Red Oak Creek with little or no filtration or ability to percolate into the soil. The ¢
study reported that the removal of the asphalt road provided a great enhancement to the wa
runoff quality in that area.

Figurel7. Ral Oak Creek Trail, Cedar Hill, Texas.
Source: City of Cedar Hill.




4.3 Limitations/Considerations

Table6. Trail Surfacg&imitations and Considerations

Native soil

Wood fiber (shredded wood,
engineered wood chips)

Soil cementkurfacingalternatives

Granular stonetrushed
aggregatestlecomposedgranite (DG)

Permeable asphalt

Permeable concrete

Rubber/plastid glassproducts
(excluding boardwalk)

Wood boardwalk

Recycled boardwalk (Trex

Dusty when used. High clay content soils cause trails to be slick or muddy wt
wet. Ruts when wet, and difficult to smooth out when ruts dry. High rate of
cohesion in clay's extra fine particles means soils take a long time to dry out.
Surface may be unew/not accessible. Produces sediment tinaay harm
streams.May be hgh maintenancelepending on soil and uses

Decomposes under exposure to sunlight, moisture, and high temperatures.
Limitedaccessibility. Not appropriate for flogatone areas. High maintenance.
Short life.(Wood bark can be uneven, #ads less desirable.)

Mixed results. May be only considered feasible, economical, and apprejfiat
the material source is close to the project sitied isotherwise suitable. Difficult
to achieve uniform surface. May require specific installation procedures and i
site conditions to perform optimally. Marequire soil testing andpecific soil
textures to ensure performance/longevity. Surface erodes and wears uneven
Not stable in all weather. Difficult to achieve uniform surface. Can be high
maintenance if not installed correctly.

Surface carrode with heavy rairéll, producingunstable treadconditions.
Performance depends on diameter. Medium maintenance depending on
installation. Refreshing of trail surfacing materials is required mutine basis.
Not for use on steep slopes or in floodplains. According to the City of Santa (
report, canstruction costs for a DG path with steel edging can be the same co
a concrete path, and a heavilised DG path will require complete reconstructic
every five to seven years. The Trinity River Audubon Center's DG might work
but the case studyeported thatbirders donot like it because itsnoisy.

Can be costly to repair. Not a natural surface. Uncomfortable for walking and
running. Hot during summer use.

High installation cost. Very urban appearanidet during summer use.

Costly. Some new technologies may not live up to claimsFEhéPavecase
study mentioned that a proprietary product might make it hardectmtactthe
company immediately. Theecycled glass pervious paviagthe College Green
used a binder that was not as UV stable as it needed to be for this region, so
company found a more suitable UV stabilizer. While the paving is easy to pat
isnot aesthetically pleasing.

Slippery when wet. Easily damaged by use and vandalism. High cost to insta
High cost to maintain if damaged.

Have to be aware ofriportance of deck substructure. d that wasused under
sections of one installation eventually warped, which caused Trex to crack ar
buckle. (However, Trex now provides dimensional material to replace the tre:
lumber installed.)

Source: This is a modified version of a tabl¥imlet Crown Trail Final Master P)&010.
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4.4 Costs

The unit cost estimates areational averageand may cover a wide rang@ctual costs will vary.

More specific cost analysis will be necessary based on design factors suitable for anticipated use,
maintenance, and existing conditionidse local trail building expertise to help ensw@urrent

cost analysis and engineering estimates for variables such as excavatidigssipreparation,
drainage, appropriate materials, transportation costs, material placement, wetting, compaction,
and finish work.

Table7. Trail Surface Caost

Native soil assuming &6 ft. wide $10.00-$1200/LF*
Wood fiber (shredded wood, engineered wood chjggsuming 68 $1200-$15.00LF*
ft. wide

Soil cement/arfacing alternativesassuming 8tf wide $15.00-$20.00/LF*
Granularstone/crushed aggregatesédomposed granite (DG) $12.50$40.00/LF**
assuming 16t. wide

Permeable asphalt $20.00-$81.30/ LF**
Permeable concrete $55.00-$11600/LF**
Rubber/plastic/¢ass products (excluding boardwalk) $35.60$96.00/LF**
Wood boardwalk $280.00$380.00/LF*
Recycled boardwalk (Trex) $3.92$64.00/ LP*

* Costs taken fronViolet Crown Trail Final Master Pla2010.
** Costs taken from NCTCOG cost research AppendixD.

SourceThisis a modified version of a table \fiolet Crown Trail Final Master P)&010.




SECTION &reen Stormwater Infrastructure || GGG

The concept behind green stormwater infrastruct€&Sljs ADDITIONAL
summed up by the American Society of Landscape Architects RESOURCES
(ASLA): Nature can be harnessed to deliver critical services t(
communities, protecting them against flooding and excessive
heat while helping to improve air and water quality, the This guide provides a
foundation ofhuman and environmental health. highlevel overview for
a range of green

Using vegetation, soils, and natural processes, GSl aims to  [FEleinlWELE]

simultaneouslynanagewater andcreate healthier urban infrastructure best
environments. On the broader scale of a city or county, GSI FIERECENERNTsEIEES
can refer to a network of natural are#isat provides flood (BMPs) that are
protection, wildlife habitat, cleaner water, and cleaner air. At & relevant to

site-specific scale, GSI refers to stormwater management transportaFion projects,

aeaidsSya GGKFIG YAYAO s G dzNB Qa Pl EERiESEatEs | INe OS & &
includes much more

As mentioned in the introduction, this guide is not meantto  [AEURIIETEERCeIEI R T

be a howto manual, and it does not prescribe one method this document. The
nor does itventure into design. For guidance on stormwater WS URSEEEACL
treatment suitability, water quality performance, site [ FYRaOl LIS !
applicability, and implementation considerations, please see [glplEEsEaieRe (=)
0 KS & ¢ NI yhtegadgeNStdrninwater ylanagement infrastructure
G¢ENR{2a0 ! LIISYRAEE ol gl At ol
http://iswm.nctcog.org/Documents/TriSWM

Appendix_Final 9814 pd) and theintegrated Stormwater ) has a wealth of
ManagementTechnical Manual (available at information on topics

http://iswm.nctcog.org/technical_manual.a$p such as forests and
nature reserves, wildlife

¢ KS 3idwodu&iehand AppendiClist severathallenges  [UELEEEEREeIie (o]

related to cost analysis. Costs are an importantdain constructed wetlads,
decisionsso this guide provides cost information when green streets, and
available These numbers should be used only as a general ~ [elEUREl SR RTELES
reference. The cost of a green stormwater element will be ¢KS 9t! Qa 3

site-specific, and the evaluation of benefits will depend on the FULLES TR
pr2 250G Qa yR O2YYdzyrideqa ySgl

Tools are being developed to help calculate costs and benefit
of a project, such as the set of Green Values calculators ) isanother
provided by the Center for Neighborhood Technology. For helpful resource.
SEFYLX S GKS bl GA2Yy I élowBN&xSy
quick comparison o&Sto traditional stormwater
management practices, looking at performance as well as lifecycle costs and benefits.

Odzt I G2 NJ

EvenGSis not incorporatedn the final design, the project could still be designed with its
potential inclusion in mind. If funds are then available in the future, the project may easily
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http://iswm.nctcog.org/technical_manual.asp
http://www.asla.org/greeninfrastructure.aspx
http://www.asla.org/greeninfrastructure.aspx
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http://water.epa.gov/infrastructure/greeninfrastructure/index.cfm
http://water.epa.gov/infrastructure/greeninfrastructure/index.cfm
http://water.epa.gov/infrastructure/greeninfrastructure/index.cfm
http://water.epa.gov/infrastructure/greeninfrastructure/index.cfm

less expensivety be retrofitted with GSI, reported Verdunity, a Dallzessed consulting fin.

For more information on the impacts of expected growth, including natural resource depletion,
urban heat islanddecreased air quality, increased flooding, and decreased water qaality
well as a discussion of the potential probleofglepending solely on gray infrastructure, see

Appendix B.




5.1 Permeable Pavement

Permeable Pavement

Also known as: pervious paving, porous pavement, Q O | —

grass pavers, green parking, pervious concrete, OO
pervious asphalt, turf blocks, unit pavers, un-
grouted brick/stone, crushed aggregate]

Overflow to collection system

Pavers with open spaces filled with gravel or sand

Finc gravel or coarse sand bedding layer

Transition laycr (medium gravel)

Coarse gravcl storagc Iﬂ)’Cl’

Underdrain (if necessary)

Subgrade

00000000

Infiltration where feasible

Figurel8: An illustration of permeable pavement.
Source: San Francisco Stormwater Design Guidel0és.

511 Overview

Several different names refer to permealglavement types, including porous asphalt, pervious
concrete, modular permeable pavers, and crushed aggregate. Permeable pavement is a porous
surface that infiltrates, treats, and/or stores rainwater close to where it falls. If native soils have
good infitration rates, the water infiltrates; with poor infiltration rates, the water should be
conveyed elsewhere to be stored or discharged. While permeable pavements may not be
appropriate in all paved areas, they can be particularly-effeictive where land alues are high

and where flooding or icing is a problem, the EPA reports.

Due toits specific application for pavementgermeable pavementare discussedeparately
from other GSI approaches, biltey are often used with other bioretention and infiltration
features.

One common application for permeable pavements is parking lots.
1 At the Fort Worth Nature Center arRefuggCS12], issues with continual groundwater

seepage from the parking lot were solvetith a new parking lot made of compacted
gravel and crushed concretembined with five bioswales.

T 14 LINL 2F GKS 5Fftla ! ND2NBldzyQa SELI y&aAZYy
additional parking, the design team chose an AldApliant permeable stace that
would blend into the surrounding area while mitigating stormwater runoff concerns.




In Carrollton, Texas, a downtown parking lot sis
Grasstone pavers for interior parking spafes

2] (see Figurel9). The pavers allowrass to grow
on the paveginterior and permits stormwater
to infiltrate into the pavement subsurface.

{Gd { G§SLIKSY QAa[CSLS IR Bustih,N.

Texas, uses pervious pavers in the parking are:

to collect and store runoff in the paver voids,

releasing water slowly to the bioinfiltration = .

planter below. .. :
Figurel9. A parking lot installation of

At Blue Hole Regional P4kS22] in Wimberley,  permeable pavers in Carrollton, Texa:

Texas, 90% of gravel from roads teatsted Source: City of Carroliton.

prior to restoration was repurposed to provide

280 new parking spaces and create 1.25 miles vl

roadway.Despite these added amenities, impervious surface coverage was limited to a

mere 7.8% of the site.

An installation at Triangle Parking L[[G541] in
Stone Mountain Park, Ga., used porous
pavement for the entire parking area and acce:
drives for a 43@ar parking lo{see Figure20).

In Highland Park, Ill., heavy clay soils eliminate
infiltration as a treatment option, so permeable
pavers and an underground detention vault
were used in the Ravinia Festival South Parkin
Lot[CS30] to prevent frequent surfacéooding
that occurred even after small storm events.

Figure20. Permeable concrete unit
pavers at Triangle Parking Lot in Stone
Mountain, Ga.

Source: Robert and Company.
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Permeable pavements can also work viellsidewalks and
walkways.

1

5.12

The renovation of Elm Street in Dalldgxas, [C§]
included permeable pavers in sidewalk draining towart
tree planters. The Green at College Park (University ¢ §
Texag; Arlington) [C9] incorporated pervious recyclec
glass in the walkway.

The City of Olympia, Wash., has instaligroximately
five miles of pervious concrete sidewalk to dfxS28]
(see Figure?l).

& doagiily S,
Figure21. Pervious concrete
sidewalk in Olympia, Wash.
Source: City of Olympia.

Potential Benefits

Reduced project costs5SI elements may cost less tha
their traditional infrastructure counterparts, or they
may lead to saved costs by reducing or eliminating the need for gray infrastructure.

In Chicago, the Ravinia Festi8aluthParking 2 { i@stallaion of 27,000 ft of

permeable concrete unit pavers instead of traditional poured concrete saved the project
over $35,000 in construction costs. Preserving 49 oak trees threatened byanet
compaction and inundation saved over $25,000 in tree replaceroests.

For the City of Olympia, Wash., building sidewalks with pervious concrete means the city

doesnot need to construct costly stormwater ponds, which would require the

acquisition of additional land orriglttf-¢ | @ @ ¢ KS 51 £ f | dof ! NP2 NB G dzyQa
permeable paving meant that the project did not need to install a storm drain system.

The Triangle ParkjnLot and the Ravinia FestiGduth RrkinglLot projects also

eliminated the need for large detention ponds; for Ravinia, this savegrbiect $1.8

million.

Reduced stormwater runoff volume and rates, leading to reduced flooding and
erosionas well as increased groundwater recharge and improved water quaiy.
Yy20SR Ay GKS /SYGSNJI F2NJ bSAIKo2NK22R ¢SOKy2f
studies have shown that as much as 80% to 100% of the rain that falls on a site can
infiltrate. This infiltration can lead to increased groundwatecharge and lowewater
treatment costs. Infiltration and thpollutant filtration can also result in improved
water quality.

The Texas A&M AgriLife projeesultsshowed grass pavers and interlocking concrete
pavers to have atormwatervolume reductiorof approximately 65%vith total
suspended solids (TSS) reduced 25% for the gras56% for the concrete

CKS ¢NAFY3IES tINJAYI [20 LINBP2SO0lQa FASER 204
predevelopment flow rates for more frequent storm everggynificantly better than
their design calculations of approximately 35%.
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The new desigof the
Ravinia Festiv&@outh
ParkingLot eliminated
surface flooding,
which previously
occurred an average
of 25 days per year
(see Figure2?). After
receiving more than 8
inches of rain in 48
hours in 2011, the lot
remained free from
standing water. The project also reduced complaints related to parking lot inaccessibility
and nearby flooded yards and basements from several hundred per yeardo z

image, source: SmithGroupJJR) the installation of permeable pave
and an underground detention vaudt the Ravinia Festival South
Parking Lot.

Support of increased development.he new design for the Fort Worth Nature Center

and Refuge parking lot allowed for additional parking spaces. The choice of pavers for

the Triangle Parking Lot project led to an increase in available surfacednieh,

Sljdz- t SR nn FRRAGAZ2YIE &ALl OSad /I NNREfd2yQ
OAGeQa RSAANB (G2 FRR FTRRAGAZ2YI € notblawe] Ay 3 A
the capacity to handle a 16@earflood event.

a
y

Reduced urban heat islanfUHI)effect. Conventional pavements can contributettee

urban heatisland FF SOl ® ¢KS@& YI & NBFOK dzlJ 62 mpnsC Rd:
G2 9t! Qa4 GwSRdzZOAYy3a ! Nbty 1SIFHG LatlryRaég 0O2YLIS
is rereleased at night. &meable pavements may stay cooler through evaporative

cooling.

Improved air quality.By reducing theirban heat islan@ffect, permeable pavement
can help decrease grouddvel ozone formation. Reduced energy use and water
treatment costs can also corbute to decreased G@missions.

Reduced energy use and reduced energy spendByglowering air temperatures,
permeable pavement can lessen demand for cooling in buildings.

Enhanced public safetypuring and after rain events, improved water drainage from
permeable pavements can enhance safetyrigreasing traction andeducing water
spray from moving vehicles

Improved community livability.The open pores of permeable pawentscan reduce
tire noiseby 2 to 8 dBdecreasing local noise pollutioaccording to the EPA webpage
G/ 22€ t 1&\BIleraPsiking lot may not be the first thing that comes to mind
whenbeautifying an areahe examples o€arrolltonandthe Fort Worth Nature Center
show improved aesthetics.
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5.13

T

Limitations/Considerations

Level of traffic, weight of vehicles, and location specifidie best locatiosare often
parking and sidewalki low- or mediumtraffic areas in soils with high permeability
Other possibilities include alleys, highway shoulders, emergency vehicle -a@ess
road gutters, driveways, parking lots, pedestrian patksreational trails, and patios.
Underground utilities should be avoided if possifilae surface grade is an important
consideratiomas is vehicle or equipment weiglRermeable pavemeninaynot be a
good choice in areas where heavy vehiclesguipment arestored oroperated
regularly

Special attention to design, with an understanding9fK S LINP 2Sé@d aA iSQa dza$s
construction The Dallas Arboretum permeable paving parking |t Wwarked well,

according to itssice president oproperty developmentbecausdt wasdesignedso that

large vehicles such as concrete trucks would be kept off the lotalé@ggmportant to

ensure that heavy machinery is not driven over the pavenaeming constructionlf the

system is poorly dégned, poorly constructed, inadequately maintained, or used in

destabilizedr NBI 43X GKS aeadSy Yle FrAatod ¢KS {do {GS
contacthighlighed the importance of covering pervious pavers during construdtmn

avoid having dust and debris from construction fill the pervious joints.

While clayrich soils pose a challenge, permeable pavement installations with the
appropriate consideration and desigan still be successfuhs mentioned previously,

the Ravinigoroject used an underground detention vault in the face of low infiltration
rates.Anothersuccessful systemxampleis one designed for the Wasatch Touring
Pervious Pavement project in Salt Lake City, Utah, which won an American Council of
Engineering C6LJF yAS4Q 9y3AAYySSNAy3dI 9EOSttSyOS ! 61 NR
water and oxygen to percolate from the concrete surface down thrabhglpavement

and soit with a 15foot-thick clay soilayerbeneath the surface using a perforated

drain pipe, a catch basin, a darcy column, and an impermeable membrane between the
system and adjacent buildings. To address freeze/thaw concerns, a rock layer was
inserted between the top soil and the pervious pawwnto allow water to expand

without cracking the pavement.

Pollutant removal requirementsThe level of the pollutant removal depends on the
system used. Typically, permeable pavement is used as a secondary treatment option.
For more information, refeto the Transportationintegrated Stormwater Management
(TriSWM) Appendif

) and theintegrated StormwaterManagement(iSWM)
Technical Manud] )

While permeable pavements may significantly reduce TSS, they may contribute other
pollutants. The Texas A&M Agfe project found that grass pavers released nitrate

while the interlocking concrete pavers released orthophosphate. However, its report did
not see this as an area of concern, noting that these concentrations were still low
overall
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http://iswm.nctcog.org/Documents/TriSWM_Appendix_Final_9-18-14.pdf
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http://iswm.nctcog.org/technical_manual.asp

1 Need forregion-specific studiesThe Texas A&M AgriLife report mentions a wide array
of studies on permeable pavements showing a reduction in runoff and associated
pollutant loadswith a few including clay soils, but points out that regipecific studies
are required to comparghe effectiveness of permeable pavement types to maximize
their benefits

1 The importance of inspection and maintenancifiltration rates coulddecline over
time, depending on design, installation, sediment loads, and consigtginc
maintenance Sandspreadingshould be avoided near permeable surfaces. As
mentioned in the Olympia case study, pervious concrete requires a shift in maintenance
from traditional stormwater infrastructure to sidewalk cleanirtgpw the maintenance
is funded and equippeshould be taken into consideration. Modular porous pa\ean
fail if they areinadequatdy maintained or used in unstabdgeas.

5.14 Costs and Lif&xpectancy

Theentire installation cost for permeable pavement ranges from $1&ZR69 per square foot
according to detailed cost estimates provided in ®&n Antonio River Basin Low Impact
Development Technical Design Guidance Manugikh gathered 2013 unit bid sts from
TxDOT, the City of Austin, and the City of San An{@a@Tablel3in AppendipD).

Porous asphalt/concrete are installed in a similar manner to their impervious counterparts, but
the initial costs of permeable pavement are often higharthraditional materials. While
traditional asphalt/concrete costs range frdpd.50to $1.00 per square foot, porous asphalt can
cost $200 per square foot; porous concrete, $® per square foot. Pervious pavers may range
from $2.50 to $300per square fot. The California Stormwater Management Association
estimates that a onecre permeable pavement surface will incur approximately $10,000 in total
construction costs and $4,000 in annual maintenance.

I O0O2NRAY3I G2 GKS { Iy CNJI ySarRiaGckcoStdmwateDedign A f A A Sa
Guidelinesconstruction costs can be comparable to or less than traditional patiai

construction and drainage costs are included, permeable pavegwnbe up to 25% cheaper.

The Olympia, Wash., case study notes that because pervious concrete sidewalks negate the

need to build a stormwater facility, a true cost comparison must add the cost of that facility to

traditional bid prices. This cost shoulaiude the purchase of required land (which may not

SPSy 6S FGFATIo0ftS F2NINBUGNRTFAG LINR2SOGav f2y3a ¢
repair.

TheRavinia Festiv&outhParkingLot project reported that it saved over $3%0 in

construction costdy using permeable paveend that the use of detention vaults avoided the
need to purchase three adjacent lots for aboveground stormwater detent&sylting in

savings of $1.8 million. The Triangle Parking Lot project regahiat initial capital costs were
5% to 10% higher than traditional gray infrastructure costs, but lifecycle costs and enhanced
usability made the green choices a viable economic alternative.
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Permeable pavements require reguliinspection and maintenande prevent their void spaces
from cloggingpermanently, so maintenance costs can be greater than those for traditional
pavement. Maintenance can include sweeping, blowing, cleaning out debris, and replenishing
material. Tle maintenance for Olympi&Vash. pervious sidewalkgaries from year to year; in
general, 150 to 300 hours are spent annually on maintenance for approximately 27,000 linear
feet of sidewalk. The City sweeps permeable pavement roadways at least four times per year
with a regeneative sweeper. The Fort Worth Nature Center and Refuge reported its system as
being very low maintenan¢é& mostlyincluded sweeping material back in place. If the system is
planted, the vegetation health needs to be checked and the area restedreplanted as
necessary.

While the California Stormwater Management Association estimated that permeable pavement
could last up to 25 years if properly maintained, the Triangle Parking Lot, Ravinia, and Olympia
case studies reported an expected lifee of at least 50 years (although the Olympia study
mentioned that some early mixes failed within five years).

For cost estimates thairovide a base point and illustrate the importance of including
YEAYGSYlryOS O2aita Ay UGKIBAppaN®R2SOG Qa 0dzRISGZ &SS




5.2 Bioretention and Infiltration Practices

5.21 Overview

Bioretention and infiltration practices come in a range of sizes, from planter boxes to rain
gardens to stormwater ponds. (For more information on permeable pavenserSetion 5.1).
Descriptions of common bioretention and infiltration elemeatg includedin Appendix-to
provide context for those less familiar with green stormwater infrastruc{@8l) For more
details, refer to thantegrated Stormwater ManagementiSWM) Technical Manual
(http://iswm.nctcog.org/technical_manual.a¥p

5.22 Potential Benefits

1 Environmental benefits such as flood mitigation and improved water quality from
stormwater runoff reduction. By storing and infiltrating stormwater, a bioretention or
infiltration practice reduces stormwater rungffvhich helps tanitigate flood impacts,
reduceerosion, and improvevater quality by preventing the pollution of local
waterways. It also increases the potential for groundwater recharge. Available water
supplies are increased by reducing the amount of water punfpedrigation.

Bioretention BMPs are a proven method of pollutant removal in the northern states, but
how well do they remove pollutants in Texas, which has a different climate and different
soil types? Interested in the answer to this question, the Texas Department of
Transportation (TxDOT) asked the Texas A&M Transportation Institute to embark on an
investigadion. As part of a larger effort spanning five years, the research team created a
pilot demonstration cell on a highway roadside. The results of the project, completed in
August 2012, revealed that the BMP surpassed the state requirements of removing 80%
of pollutants from runoff. In fact, it removed more pollutants by absorption than sand, a
common BMP.

Promising results have been seen in other pilots, such as a 2013 Texas A&M AgrilLife
project that evaluated the performance of permeable pavements ancebémtion in a
typical urban watershed in the Dall&®rt Worth areaan area characterized by soil with
a very high clay content, an underlying calcareous layer, and low permeability. The
Texas A&M AgriLife pilot found decreases in rumofime, contamnant loads, flow

rate, and flooding and increased groundwater recharge in their systems. The
bioretention BMP data showedinoff reducedby 50%hitrate reducedby 78%, and SS
reducedby more than 80%.
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This effectiveness has been seen in+gatld projects in the North Texas region as well.
The Green at College Park (University of Tex@adington)[CSl1], a3-acre urban infill
development on the campusorder, provides a great example of reduced runoff and
improved water qualityPreviouslya block ofparking and dilapidated apartments
contaminated with asbestod, had 75% impervious surfaces. An eroded drainage
channel flanking the wesrn edge of the site was associated with considerable flooding
issues. The stormwater management constraints became key opportunities in the final
design, which includes an aestheticgilgasing drainage garden and depressed
gathering lawn in additionata
pedestrian walk paved with a pervious
recycled glass materiédee Figure23).
These elements serve as both a park
amenity and stormwater management.
The site is designed fmprove runoff
water quality by reducing total
suspended solids 80% @stormwater
guantity 25% in volume from a two
year, 24hour storm.

SeveralGSklements were
implemented at the 104 @cre Timber
Creek High School camp@&S15] in Figure23. The Green atollege Park

Fort Worth, Texas, which opened in (University of Texas Arlington).

2009 and is a 2014 winning entry for the

EPA Regio Green Infrastructure & Low Impact Development Poster Competition. The

project site includes an internal loop road and a parking lot. A retention pond gathers

stormwater for reuse in irrigation and controls peak dischargeswales improve

stormwaterquality and remove silt and sedimen#desilting pond that controlled

sediment and silt during construction now acts as the sediment forebay, and a sediment

pond and silt dam removes additional silt and sediment.sEleéements remove 80%

TSSandc8IOG wmnm: 2F GKS aArAiGSQa adG2NXsF GSNWD t 2y R:
approximately two weeks of irrigation.

For the 2013 Bagby Street Reconstruction proj€&20] in Houston, Texas, which was
prompted by a 2008 drainage study to address flooding issuttwiarea, 33% of
stormwater runoff enters the rain gardens. The rain gardens filter and remove
pollutants from stormwater before it enters the storm sewers, bayous, and ultimately
Galveston Bay, removing 75% of bacteria, 73% of phosphorus, 93% ofl @5%nof
TSS.

Stormwater runoff management can also be incorporated underground, which allows
for it to be integrated with certain recreational facilities. The subsurface infiltration
feature in the Clark Park Infiltration Bed/Basketball Court prdi€s83] in Philadelphia,
Pa., manages runoff from the basketball court, an adjacent street, and a p&oking
(32,517 ft of impervious area)The system has baalesigned to capture about 1.5
inchesof rainfall from the contributing drainage area, but wite welldrained solil, the
project owners anticipate that actual stormwater capture will be much greater.
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9 Substantial cost savings$ntegrating bioretention and infiltration features can lead to a
substantial cost savings, whether through stormwater crgditreduced or eliminated
need for gray infrastructure, reduced spending on irrigation, avoided property damage
due to flooding, or avoided costs related to impaired waters.

For the City of Denton, Texa3SIBMPs are part of its strategy to reverse dieicig

water trends due to increased development pressures within the Hickory Creek

watershed. The City aims to keep its drinking source, Lake Lewisville, off the Texas

Commission of Environmental Quality (TCEQ) list of waiality impaired waters. If the

lake weredeemed impaired, the necessary responses could cost the city millions of

R2ff I NBX FOO2NRAyYy3 (2 GKS /AGeQa SYyO@ANRYYSyl

Figure24. Green infrastructure elements at the Dallas Urban Reserve.
Source: Kevin Sloan Studio.

Thebiofiltration street designat the Dallas Urban Reserf@Sh] that incorporatesan
asymmetrical slope that directs stormwater into a system of rain gardens and
sedimentation pondg¢see Figur@4) shows that potential savings cdenefit more than

the project owner.The asymmetrical slope eliminates the need for inlets, catch basins,
or stormwater plumbing along an entire street side, saving tax dollars. The replacement
of waterthirsty landscapes with naturalizing ecologies can save households substantial
sums that night otherwise go toward turf irrigation. The continuous use of a laydown
curb profile eliminates the cost for curb cuts.

Timber Creek Hi K { O K dmplerteatatibn{athieved credits from the City of Fort
Worth, which reduced its stormwater fee. Thauge of its captured stormwater is
estimated to save the campus $130,000 on irrigation each year.

Birnamwood DrivgCS21], a roadwayproject in Harris County, Texas, was one of the
first roadway projects in the Houston area to implement these technigQe® goal was
to make its implementation less expensive than that of a conventional desigiit
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succeeded. With the 3fbot depressed median in the middle of a fdane concrete
boulevard, Birnamwood Drive requires no-eife detention facilities, with saved the
county more than $350,00i land and excavation costs. The LID design resulted in a
7% cost reduction verswstraditionaldesign(see Table 19n Appendixfor more

details).

Decreased need for water treatment, which leads to cost savings, energy savings, and
reduced air pollution.By reducing the volume and improving the quality of water
entering treatment facilitiesGSidecreases the need for water treatmersting costs
related to water treatment. It also saves energy that would be usetréatment; this,

in turn, reduces air pollution by decreasiggeenhouse gas emissions.

A February 2014 case study of Lancaster,geaformedby the EPA founthat installing
green infrastructure in the combined storm sewer (CSS) area could reduce gray
infrastructure capital investments by $120 million and associated wastewater pumping
and treatment costs by $661,000 per year. Across the entire city, includéngreas

with municipal separate storm sewer systems, the green infrastructure plan was
estimated to provide approximately $4.2 million in air quality, energy, and climate
related benefits each year.

Mitigation of the urban heat island effect, which cdead to energy savings, cost
savings, and improved air qualityrfhrough evaporative cooling and shading, these
green approaches can mitigate the urban heat island effediicingenergy useand
costsfor cooling purposesvhich inturn reducespollutant emissions from power

plants Using green practices that reduce temperatures can mitigate smog and ozone
formation. Urban vegetation also removes pollutants from the air.

The U.S. Department of Aguiture (USDA) National Agroforestry Center promotes the
use of vegetation in buffers, noting that they can reduce temperatures and reduce
energy use for buildings. Vegetation also removes pollutants from the air by uptake and
interception. The Center notethat a 65to 600-foot-wide buffer may reduce

particulate pollution by 40% to 75%.
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The Bagby Street project in HoustmeeFigue T
25) leveraged the benefits of trees to positively

impact air quality and increase human comfort y
AY ¢SElFa &adzYYSNE® ¢KS §
decrease in surface temperature.

The Dallas, Texas, EBtreet Streetscape [@p
design improvements include 2&in gardens
and many street trees and planting asea
Previously, the site was more than%0
hardscapeGiven the significantly increased
amount of plant materialgnsite, the City of

Dallas expects air quality to be improved. Figure25. Bagby Street Project.
© Shau Lin HonSlyworks

Photography/Walter P Moore

1 Improvedcommunity livability, increased
economic development, and increased
property values VegetatedGSlcan improve
local aesthetics and also enhance recreational
opportunities and public safety. Several of the
NEIA2yQa OF &S piovedzRA Sa
aesthetics, which supporeconomic
development, and increased property values as
project benefits.

For the Green at College Park (University of
Texag; Arlington), a redevelopment project
incorporating rain gardens and a depressed lav
revitalized the site and provided a green public
openspace ¢ KS / A& 2F C2NJI
improvements in theHistoric Handty Urban
Village Streetscapgroject [CS.3] included
rehabilitating sidewalks close to storefronts,
creatinga more inviting location to shofsee
Figure26). The EIm Street Streetscape project
widened sidewalks and narrowed streets to
increase pedestrian safetyhile beautifying the
site and improving the public realm garience.
The City of Rowlett completederritt Road [CS
17] in 2013, whiclintegrated atreatment train
drainage system in approximately 1.7 miles of
roadway improvemats, using medians that
contain native plantings, vegetated swalagd ~ Figure26. Historic Handley Urban Villag
four bioretention systems. The projeist {UNBSGaO0FLISQa NBKYE
intended to support the area as a technology Top image source: City of Fort Worth.
corridor andto attract related business.
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The Bagby Street Projegiart of the City& | 2dzA 2y Q&8 aARG26y ¢ E

Reinvestment Zone Capital Improvement Program, was much more than a drainage
improvement and street reconstruction project to the design team. It was an

opportunity to redevelop the Bagby corridor to better serve its ddeeand mixedise
community. The project included a 38% increase in seating and social gathering areas,
and has seen a 25% increase in rental market rates ($1.40 to $1.75 average per square
foot per month). Since the announcement of the project, privategepment has

increased by $25 million.

In St. Louis, Mo., a redevelopment of a diverse historic district called the South Grand
Boulevard Great Streets Initiative transformed atdbck corridormto a vibrant
destination. Theyf A G A I ( A @ S Qdideskyh ificbrporate@inizbv&tigelstormwater
management with enhanced walkability and opportunities for economic development.

Increased wildlife habitat and biodiversityBioretention BMPs can create and improve
habitat for wildlife and increase biodivaty. Green infrastructure approaches such as

rain gardens and bioswales can act as patches of habitat in a matrix of urban landscape,
supporting wildlife with appropriate plant choices.

At the South Grand Boulevard Great Streets Initiative project ind8is, the expanded
sidewalk provides room for not only more pedestrians and outdoor diners, but also for
significantly larger tree boxes. The plantsative to the state, locally available, and able
to withstand harsh street conditionsare expected to inease bird and butterfly
populations.

The design for the Perot Museui@S8] in Dallas, Texaseflects a crossection of the
Texas landscape from west to eabhis representation of the indigenolendscape
provides habitat for the creatures that livie these systemslhe landscape doe®t
contain itself to the living roof or the plantings alongside the builgdingroves into the
parking lot, where bioswales collect stormwater runoff for a cistern system.

Public education opportunities. 1)
Some project sites are perfect public
education opportunities. Such is the

case for the Perot Museum in Dallas

with its mission to inspire minds

through nature andscience. Its "
parking lot bioswales are described ol oo
signage that visitors can read on their ==
way in and out of the museuifsee

Figure27). Teaching opportunities are _

also plentiful at the Green at College Figure27. Educationasignage about bioswales ir

Park, where the flowing form of the the Perot Museum parking lot.
park celebrates the movement and
cycles of water anglant life that thrives from its drought and flood dynamics.
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5.2.3

The 2012 Elmer Paseo Stormwater
Improvement Project in Los Angeles,
Calif., [C23] transformeda degraded
asphalt alley into a green alley with a
pervious concrete pathway, a vegetate
bioswale, a subsurface infiltration
trench, and a palette of plants native to
the watershed(see Figureé28). Although
compact (under 6,000%, it captures
stormwater from 20 acres. Used as
outdoor classroomthe project serves
to educate not only the general public,
but also the project owners. As a
demonstration project, it acts as a livin¢ |
laboratory to test and demonstrate
BMPs. The green practices are
monitored to evaluate surface water
guality improvements, water
conservation, groundwater recharge,

benefits Improvement Project transformed an asphalt

alley (top) into a green alley (bottom).
Source: Council for Watershed Health.

The BMP demonstrations in the Texas

A&M AgriLife pilot project also acted a<

a living laboratory. The resedmers

leveraged their experiences and findings in educational programming and presentations
at conferences to help support an increased awareness by surrounding cities, engineers
from major consulting firms, and the water resources community.

The Bagby &tet case study notes that the rain gardens complement adjacent
developments and introduce a natural element that offers both aesthetic and
educational benefits. The design solutions implemented on the Bagby Street project
demonstrate to the community, gevnment entities, and the engineering profession
the quantifiable benefits derived from applying focused engineering principles to
contextspecific, lowimpact design (LID) strategies. The project further demonstrates
that LID can be implemented within &hly urbanized area, improving quality of life
and yielding positive economic impacts.

Limitations/Consderations

Challenges imbtaining approval ofsite controlsfor pioneer projects.For pioneer
projects, the unfamiliarity or relative newness of the approaches in this region may
present challenges iabtaining approval fosite controls

TheRayzor Ranch Marketplaf@Sl1], a 100acre retailcenter within a 40@acremixed
use development in Denton, Texags the first major project in the citp incorporate
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GSlfeatures. It began in 2008; Phase 1 construction was completed in 2010. The
LINEP2SO00GQa aAaiasS O2yaNRta AyOf dzRS docked I G SNJ |j dzi £
wetland, an enhanced swale, a filter strip, and several parking lot islands with filter

strips. The project staficed a challenge icoordinaingwith City staff andbtain buy-

in across different departments and from tlodient The landscape architects for

blFraK@Atf SQa (S&Kigrrd 28:s0hentjordvdsSiSaince from City staff

but, like the Rayzor Ranch case study, this isgaglinked to the projecbeing the first

2T Al0&a 1AYR® 05SIRSNAO|l {GNBSG gl a ¢SyySaasSs

These challenges may lessen over timaw the City of Denton is leveraging sevesal
features in its projects to reduce the likelihood of Lake Lewisvilb®iméng impaired,
and Nashville is building more green streets.

Potential for higher costsThe initial cost (either asSimaterials or installation) may be
higher than those for traditionajrayinfrastructurecontrols Project costs may also be
higher than expected due to unfamiliarity with the approachesla lack of experience
at various levels.

When a new bus station relocated the transit hub from Deaderick Stxaethville,
Tenn., to one block north, the city took the opportunity teevision the street as a
green streetscapfCAQ]. Its bioretention areas,-fieet- deep planting zones with
bioretention soils, and structural soils for tree
treat approximately 1.2nillion gallons of
stormwater per year. Howeverhe Deaderick
case studyhat found a lack of trusin the
engineering design resulted in overdesigned
infrastructure and unnecessary costs.

INn¢ SEIFa ! ga ¢NIyaLRNI
bioretention pilot progct[CS19] in Bryan,
Texasthe researcher reported that the cost
was originally estimated at $5,888, ke

total cost increased to $8,94%causehe . / J , .
person building the bioretention feature had F|gure29cb ’ 53| R SNJ\ 01 { N
not byilt one before. In a similar vein, thg streetscape.

¢SElFa !tsa ! ANR[ATS L source: Hawkins and Partners. 2
OFYS AY YdzOK KA3IKSNJI n
estimate. The AgriLife researcher noted that

thswas NB 6 6 f @ RdzS ( FackipKeSpertse iyf thisi rblata@ly Beiv I,

However, increased costs are not a given. The Birnamwood caserspaijed that the
Birnamwood project cost less than its gray counterpart. Its case studyaied that
subsequent Libased Harris County roadways have reduced costs even further, which
suggests that as moi@Sis implemented and the controls become more familiar, costs
may come down.




T LYLRZNIIFyYyOS 27F dzy RSNBRGAINER NI AKS ZyndR 2 SOt Q& 1ALl
Welldesigned bioretention and infiltration features capture all or nearly all of the
precipitation that falls on the feature and its related drainage area. However, in an
urban context, the percentage of rainfall that these faas can accommodate depends
on avaiable square footage and localiefined maximum ponding times. Determining a
site-specific performance measure requires complex hydrological modeling. The
Deaderick Street case study discovered that it is crucidéterminethe percolation
rate, soil type andexisting conditions through esite testing Becauseearthworkmay
have been completed since national saiéga collection in the 1960s, seihaps are not
always reliable.

1 Importance of choice and placement for plantlants in bioretention features should
be chosen with care. The design of the feature will also need to consider the best
placement for the plants. Plants come in a range of sizes and grow to various heights
whichmay impact plant placement, especially with tall plants. For example, the design
for the Merritt Road project in Rowlett, Texas, incorporates safe roadway geomieyrics
avoiding plantings in sight triangles atdrsections the consulting firm reportsPlants
also have different tolerances for drought, heat, inundation, shade, and so on. In
addition, they have different pollutant uptakes.istimportant to understand plant
characteristics antb choose plants vgely, otherwise, one shouldllow for some
experimentation to figure outvhich plants work best, abe Fort Worth Nature Center
and Refuge is currentijoing with the parking lot bioswalegCS12]. For more
information onnative and adapteglants,seeAppendixF.

1 Potential for challenges emerging during design and constructida.with many
innovative approaches, challenges may emerge during design and construction. Yet with
the sharing oknowledge and an increased familiaritiese challengeare expectedo
lessen over time, especially with pilot projects that aintdsolvespecific issues.

Several lessons learned were shared in the case studies.

o C2NJS5Fffl&a ! NblYy wSASNWS>: OKIy3aAy3d GKS NI
up to 12 inches of stormwater at their deepest point is one adjustment
considered for the future. Other future congiditions include selecting a plant
that might save even more watand irrigation costshan the currenthorsetalil
reedand accounting for low water levels wheaonsideringhe aesthetic of
pond edges.

0 The Bagby Street team learned from past mistalesuringtheir designs
incorporated appropriate engineered soils and bridge aggregatesllowed
for proper flow dissipation.

0 At Rayzor Ranch, the engineering and desigm fund that itis vital to ensure
that the contractor properly pours the paving around the islands and smooths
the pavement between the sawtooth curbs. Otherwise, ponding at the curb face
is a potential issue.
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0 At Merritt Road, the consultants found thaontractors should purchase
products in advance to avoid cost increases. They also noted the importance of
making sure that installers are available to guide the installation of the
bioretention materials.

0 The Merritt Road and Birnamwood Drive casedgts both mentioned the
AYLR2NIFYyOS 2F dzyRSNRGEFYRAY3 |t Ll2aarots
construction and maintenance. Vegetation needs to be established to prevent
clogging. The Birnamwood Drive case sttebommenckd installing BMPs last
and supplying ample BMP protection when possible.

These challenges and lessons learned are not necessarily negatives. They deepen the
knowledge of an approach and open the door for improvements. During its investigation
of bioretention in hot, emi-arid areas, the Texas A&M Transportation Institute

converted its desigimto one that allowed fointernal water storage (IW$) improve

the water quality and performance of bioretention. In the end, the researchers found its
effectiveness to be bettethan that of sand, a common BMP. In Birnamwood, the need

to maintainthe vast majority of the bioswalender currently established maintenance
protocols led to innovative problesolving. As a result, the team figured out how to
makedl KS &ad2daidsSyQa F220LINAYyG avYlrff SN

1 Importance of maintenance, which doawot always have welestablished guidelines.
The budget should include maintenance costs, and the party responsible fo
maintenance should be determined during the planning process.

For the Texas A&M Transportation Institute pilot, the lead researcher noted that

maintenance of bioretention is an important item, and more time and researeh

needed to create guidelines.

Many case studies underscorédd & dz=Sa NBfF GSR G2 YFIAyiSylryO0S O
Historic Handley project owner foresees it as a challenge, noting that with budget

constraints, longerm maintenance may not be achievable. The Deaderick Street
landscapearchitect recommended that budgets include maintenance caststhatthe

party responsible for ongoing maintenansikould bedetermined during the plaming

process (for example, the public works @rks department, another agency, or a

contraded party).

The Elmer Paseo projegptoposal that challenges related to inspection and

maintenance funding could be resolved by valuing these projects as assets similar to
gray infrastructure, which are funded for lobgrm maintenance. New York A G & Q&
Department of Environmental Protection settled this issue by partnering with the Parks
Department to maintairGSin theright-of-way [CS32]. The Elm Street project includes

a two-year contract for maintenance; during this time, the maintenanecwill train a
volunteer group to handle the upkeep after the contract ends. Denton has reduced
costs by using volunteer$he design process for tligdue Hole Regional PiRS22] in
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Wimberley, Texasncluded the creation of an operation, managemenigdanonitoring
plan, which incorporated a budgdtongterm annual operation costs for maintenance
and management are paid for by the park entrance fees and through an endowment.

For more information on maintenance costs, see the following Costs andxpgetgncy
section.

5.24 Costs and Life Expectancy

As mentioned in the Limitations/Considerations sectit, initial cost of green infrastructure
practices may be higher than gray infrastructure. Project costs may also be higher than expected
due to unfamiliarity with the approaches. However, thiads always the case. As highlighted on

9t | Q&BereftResources webpage
(http://water.epa.gov/infrastructure/greeninfrastructure/gi_costbenefits.cjnrgreen

infrastructure may provide more benefits for less cost thangke-purpose gray infrastructure.

Seattle Public Utilities examined the costs and benefits of traditional versus natural drainage
systems (i.e., GSI projects using vegetated swales and narrow streets) and found that not only
did the systems provide befits such as traffic calmingnprovedneighborhood aesthetic, and
high water quality protectionbut the designslsocost significantly less than traditional

drainage and street desigiisee Figure30).



http://water.epa.gov/infrastructure/greeninfrastructure/gi_costbenefits.cfm

Seattle Public Utilities — Natural Drainage System Program

at countering the impacts of current and future development on receiving waters.

Problem Statement: Seattle’s receiving waters and aquatic life have been significantly impaired by the negative impacts of urban stormwater runoff. Increasing
volumes of runoff also cause flooding of roadways and property. Traditional methods of stormwater management and street design have proven to be ineffective

Natural Drainage Systems (NDS) is an alternative stormwater management approach that delivers higher levels of environmental protection for receiving

waters at a lower cost than traditional street and drainage improvements.

creek systems.

systems and clean water.
= NDS designs cost less than traditional drainage and street designs.

= NDS targets areas of the city draining to creek watersheds that do not currently have formal drainage or street improvements.
= NDS design is based on technology that emphasizes infiltration and decentralized treatment of stormwater to reduce the total volume of runoff reaching

= The goal of NDS is to more closely match the hydrologic function of natural forests that existed prior to development, thereby creating stable creek

Cost Analysis of Natural vs. Traditional Drainage Systems Meeting NDS Stormwater Goals

Street Type Local street Local street Collector street Collector street Broadview Green Grid
SEA Street Traditional Cascade Traditional 15 block area
Community = one sidewalk per block = two sidewalks per block = no street no street both ‘SEA Street’ and
Benefits = new street paving = new street paving improvement improvement ‘Cascade’ types
= traffic calming = no traffic calming = moderate no neighborhood one sidewalk per block
= high neighborhood = no neighborhood neighborhood Aesihctc new paving
aesthetic aesthetic aesthetic high neighborhood aesthetic
Ecological Benefits | = high protection for aquatic | = high protection from = high water quality high protection from high water quality & aquatic
biota flooding protection flooding biota protection
= mimics natural process = some water quality = some flood some water quality some flood protection
= bio-remediate pollutants protection excellent monitoring opportunity
% impervious area
35% 35% 35% 35% 35%
Cost per block Average per block:
e $325,000 $425,000 $285,000 $520,400 $gaorfooo

Figure30. Seattle Public Utilities Cost &lgsis of Natural vs Traditional Drainage Systems.
Source: Seattle Public Utilities.d.
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One example of using GSI to reduce potential future costs can be seen in the City of Denton. Its

321t A& G2 1SSLI [F1S bheSdsnipdrinént wdidcosttheiyS NE  dzy A Y LI )
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demonstrate the potential for green infrastructure to improveot only the environmental

outcome butalsothe financial performance and social impatimultiple scales.

hyS OKFfftSyasS Ay lylrftelAy3a GKS O02ada 3IFGKSNBR A\
bioretention and infiltration practices are t@h used together, so costs and benefits each

practicemay not always be easily separatdebr example, excavation costs for several pieces of

the project are often consolidated, so it may not be clear how much to allot for one piece.

Treatment trains also work as a whole, so divvying up the cost between each included practice
may not always be appropriate. In addition, designs, costs, and benefits aspeitdic.

However, this specificity in site and design allows designers to use their ingenuity to reduce

O02a0a F2NIAyalarttlrdAzy 2N YIAYyGESylryOSs |a aSSy
fewer inlets and eliminate sod in the median to reduce mainteaisee the previous Potential

Benefits section for more case study examples of how green infrastructure can reduce costs or

increase longerm savings. A more idepth discussion of challenges related to cost analysis is

available in Appendi&.

TheSan Atonio River Basin Low Impact Development Technical Design Guidance Manual
provides the following common cost considerations in planning and designing BN#2& are
provided only as a starting point; the San Antonio manual points out that these nummoests

0S NBFTAYSR GKNRdAK2dzi (KS LINRP2SOGQa RSaAaly LKL &

Planning: 10% of total project cost
Design: 30% of total project cost
Mobilization: 11% of total project cost
Contingency: 20% of total project cost
Site preparation:

Cleaning and grubbing: $0.-2460/ft?
Asphalt removal: $2.32/t

Concrete removal: $2.39/t

Sidewalk removal: $1.22.39/ft?

=A =4 =4 =8 =4

Using 2013 unit bid costs from TxDOT, the City of Austin, and the City of San Antonio, the
following planningevel cost estimates were developed.

1 Bioretentionand bioswale$23.57$33.67ft 2 (without underdrains) 0624.72
$34.82ft? (with underdrains) plus $18/ft for curb and gutter

1 Planter box$23.62$33.72/ft2plus $18/ft for curb and gutter

1 Vegetated swale: $1.8%1.94/ft?

1 Filter strip: $0.8250.89/ft?

For a detailed list atemsincludedin the above costs, see TaldlBin AppendixD.
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Whenevaluatingthe costs provided by the case studies, the reader should be aware that the
information provided by each case study varied. For example, one estimate did not provide
planting or soil costs, while other estimates did not include excavation or gradingheusisse
those could not be accurately calculated for a specific green element when the costs available
were for the entire project.

Rayzor Ranch North Denton, Texag 20132014

Rayzor Ranch North (officially Rayzor Ranch Marketplace) isaci®@etail center in Denton,
Texas, with amltimate buildout of approximately 800,000%bf retailers, restaurants, and
financial institutionsRayzor Ranch North incorporates severdé/li§site controls: a water

guality pond, four bioretention areas, a pocket wetland, an enhanced swale, a filter strip, and
several parking lot islands with filter strips asmponents in the treatment trainfAn example of

the parking lofisland can be seein Figure 3).¢ KA a O 4SS &addzRe KAIKE AIKG A

lot islands and sawtoothurbsbecausehe engineer/design firm had the most recent
information available for those.

Figure31. Parking lot island with sawtooth curbs at Rayzor Ranch North, Denton, Texas.
Source: Dunaway Associates.

These are early treatment train areas. The water runs off the pavement throughgads, and
mulch whichthen drain into a wye inlet and down the storm system. Some rock and
landscaping in the interior portion is included to help filter watéach 36t. x 18ft. island costs
around $5,716, or $8.8#~. Details are included in Talle

Table8. Costs of a parking lot island with sawtooth curbs at Rayzor Ranch North.

108 linear feet concrete curb $756
$10 per sawtooth opening at curb x 36 openings $360
Wye inlet $1,500
Trenching and haul off $55 per cubic yard xubic yard $825
Furnishing and installing gravel fill $60 per cubic yard x 15 cubic yards $900
Landscaping (excludes irrigation) and river rock $1,375
Total $5,716
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Merritt Road ¢ Rowlett, Texas; 2013

The design for Merritt Road integrates sustainable features
including medians that contain native plantings, vegetated
swales, and four bioretentiogystemgsee Figure32). These
FSIFGd2NBa O2Y6AyS G2 F2N¥Y |
method: open vegetated swale, forebay sediment filtering,
biological uptake of pollutants with native plantings, and
filtration of water before discharge. The treatment train cos (¥
an estimated $20,700 for the 1.7 miles of roadway
improvements. The system focuses on the application of lo
maintenance and costffective stormwater control design %
solutions aimed to improve water quality, reduce landscapi
maintenance and irrigation demands, and yige cost
savings. The life expectancy is 15 years without reduction i
pollution removal efficiency.

Elm Street Streetscape Improvements Figure32. The construction of bioswales
Dallas, Exasc Spring 2015 in the median on Merritt Road, Rowlett,
’ Texas.

. o ; : Source: Freese & Nichols.
As part of its Complete Streets Initiative, the @tyDallass

reconstructing a portion of EIm Street, narrowing the streets,

widening the sidewalks, improving drainage, improving accessibility, and upgradingandter
wastewater mains. The design includes 26 rain gardens with native plants, pedestrian walks, and
permeable pavement around tree wells in portions of the sidewkilue 33 shows a plan for

one of the rain gardendVith the constraint on the downstream drainage system, the use of
stormwater for rain gardens helps conserve water and mitigate downstream effects.

The 26 rain gardens cost a total of $378,000, or an average of $14,543 each. This estimate
included bed preparation, top soil, compost, plants, mulch, rain garden inletscandrete
bands. Other costs includedigation and landscaping ($102,008nd maintenance over two
years ($69,000).

Figure33. Plan of rain
garden planting for the
Elm Street streetscape
improvemerts.

Source: CCA Landscape
Architects.

@ RAIN GARDEN PLANTING - SECTION




Timber Creek High SchoglFort Worth, Texasg, 2009

The Timber Creek High Schaobject includes several green infrastructure elements, including
bioswales, a desilting pond, a sediment pond and silt dam, and a retention pond, which controls
peak discharges and captures stormwater that will be reusedrigation (see Figure34). Costs
associated with the ponds are listed in Table

‘\\ y#. 222/ WEIR OUTLET

B BIO-SWALE
=

STRUCTURE

.
’

TINITY WELL &
PALUXY WELL DESILTING POND

Figure34. Green mfrastructure elements at Timber Creek High School, Fort Worth, Texas
Source: Teague Nall & Perkins.

ltyY2aid odon FONBA RNIAY Ayid2 (GKS LRyR aeaidSyeo ¢KS
three aeration devices to oxygenate water and connects to the Trinity Well Aquifer. The east

LR2YRQA @2fdzYS Aada odH | ONB TS &waterdndicordéctito2y S I SNI
the Paluxy Well Aquifer. Ponds filleddapacity provide approximately twweeks of irrigation

before engaging the wells.

Table9. Costs of green infrastructure improvements at Timber Creek High School.
Direct costs from thesubcontractors that are part of the larger project

Mass excavating including bioswales $174,000
Boulder and gabions $416,000
Wheaton wall $108,000
Outfall structure $54,029
Channel and dry creek bed $20,000
Underground storm drainage $117,000
Water wells drilling $242,670
Well completion and pumps $100,830
Subtotal $1,232,529
10% for general conditions, insurance, etc $123,253

Total $1,355,782




¢KS LINP2SOGQa 3ANBSY AYTFNI A0GdNHzOGdAzNE al gSa vYzySe
reduced. Second, due to the reuse of stormwater in irrigation, the amount of potable water

purchased is reducednnual demand is about 37.2 million gallons, viheould cost $212,000

per year if purchased fromthek (1 & adzlJLX @ | OO0O2NRAyYy3 G2 (GKS OFas
water cost, including electricity and maintenance, is $82,000 per year. The expected savings on

water is $130,000 per yeaa substantidsavings that would pay for the above improvements in

less than 11 years, even excluding the stormwater fee reduction.

For costs for the following case studies, see AppeRdix

Perot Museum of Nature and Scieng®allas, Texas

{Gd { GSLKSg@encAusiRBesiag NA | v

Bioretention for Stormwater Quality Improvement in Texdryan, Texas
Bagby Street ReconstructigrHouston, Texas

Birnamwood Drive, Houston (North Harris County), Texas

SE Clay Green StregPortland, Ore.

Areawide Rightof-way Bioswale New York City, N.Y.

Clark Park Infiltration Bed (Basketball Cog®hiladelphia, Pa.

=A =4 =4 -4 a8 -9 -9

For a base point for costs, which illustrates the importance of including maintenance costs in the
LINE 2iidyét3ée Tabl@6in AppendixD. This isa condensed version of a table found in

),

q
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Impact Development Technical Guidance ManMalintenance costs were based on Water
Environment Federatin researctwith labor and equipment operating costs collected from
TxDOT and municipalitielé.does not include all bioretention and infiltration BMPs discussed in
this guide For examples of inspection and maintenance tasks for bioretention and bieswal
seeAppendix F
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5.3 Trees Structural Supportand Runoff Retention

R e
Figure35. Native trees create a shady grove{ati ® { § SLIKSy Q&
SourceReese Hyde.

SRSAGNAIY DNBSYS !

531 Overview

Preserving and enlarging the tree canopy has emerged as an important goal over the past
severalyearsscccoRA Y3 (G2 GKS wHnny | ®{d /2yFSNBYyOS 2F al &z
5S@St2LAY3a (KS | NDdonfainédddBtGoutions ffodnltie Gities oBFKistd) K

McKinney, and Mesquite, TexaEhisgoalcanalsoo6 S 4SSy Ay 5l fflFaQa ! Nblky C
Commiti SS ¢gK2a$S YAaaAizy Aa (2 O02yaSNWS |yR LINRY2I(.
2006 tree ordinance, which aims for 30% tree canopy coverage citywide.

Most recently the Texas Trees Foundation and more than 40 North Texas cities partnered to

create Tee North Texas. The Tree North Texas urban forestry initiggtitree largest in the

nation, aimingto plant 3 million trees in North Texaserthe next 10 years. While that number

seems immense, so is the nunila trees lost diring the 2011 Texadrought Approximately

300 million rural trees and 5 million urban trees died, reported a Texas A&M Forest Service

survey. In North Texas, the drougtalated mortality was approximately 8.3%, which equals

30.9 million trees. In addition, other treesveareached the end of their natural lifespans,

succumbed to disease or insects, or were removed to make room for development. In other

words, those 3 million treewill beONHzOA I £ Ay LINBASNBAYy3I GKS NBEIA2YQ
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5.3.2 Potential Benefits

1 Emvronmental benefits from rainfall interception and increased infiltratiorBy
intercepting rainfall and heing increase infiltrationtrees reduce runoff volume and
surface transport ratesA Tree City USA Bulletin states that the urban forest can
decreag annual runoff by 298% furthermore, asnuch as 65%.00% of rainfall can be
retained when trees are combined with other natural landscaping. Through their
canopies and roots, trees contribute to soil stabilization, cleaner water, and
groundwater recharge. Interception also helps reduce erosidoarren ground.

1 Reduced urban heat island effect and reduced energy consumpfiores help
mitigate the urban heat island effect by releasing water into the atmosphere and
providing shadewhichcan also help reduce energy consumpti@uilding suiaces
have been shown to be cooled by up to°B5the Dallas Sustainable Skylines Initiative
(DSSI) reportdirees can also reduce wind speeds, which can have a significant impact
2y GKS SySNHé& ySSRSR T2NJ KSI iAykddndsicani NBSQa |
result in reduced building energy consumption.

1 Improved air quality. Becauséuilding energy consumption can be reduced with
properly placed trees, trees help reduce greenhouse gas emissions, the Center for
Neighborhood Technology reportBtees can reduce atmospheric 4€vels through
directabsorption Theyalsoabsorb pollutants and intercept particulate matten.the
HnwMmn FThNE dn@Ror@st Bffects on Air Quality and HumealtH in the United
{ G byS\dwWak et al(2014), researchers found that theotal amount of pollution
removedin 2010 by trees and forests in the conterminous United States was 17.4
million tons.States with thehighestpollution removal amounts were California,
Georgia, and Texdsee Figure 36

Pollution removal (tonnes per square kilometer)
0.03-0.67 0.68-1.86 I 1.87-3.37 | 3.:38-4.50 [ 4.51-8.41

Figure36. Estimated pollutant removal (NQOGs, PMes, SQ) per square kilometer of land by
trees per county in 2010.
Source: Nowak et al., Environmental Pollutia@14.

1 Improved community and livability Trees can improve community aesthetics, provide a
sense of place, and increase recreational opportunities by providing shade for hot areas.
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They can also reduce local noise pollution by decreasing sound transmission. As an

element of nature, trees can hefpstore the mind from mental fatigud.he movement

pattern created by trees moving softly and rhythmically in a light breeze helps support a

OFtyYyz aidlrotS YSydalrt adalriSs gKAOK O2dA R Ay Gdz
or student productivity, &niversity of Washington research summary repamtgs

GDNBSYy [/ Al A Sras¥archdvBiRiThe Sblifigifuddtions of trees can also

reduce heatrelated illnesses and fatalities.

1 Provision ofwildlife habitat, especially when native plant sées are used.

1 Economic benefitsThese benefitincludeenergy savings, stormwater management,
carbon storage, human health, quality of life, and air quality improvements. Trees can
also increase property values.

Althoughthe initial cost ofhew tree plantings can be high, from $200 to $4@0 tree,
with maintenance, liabilityand administration adding costhe DSSI repostated that
the net benefit can still outweigh the cost by as much as three to one. Estimated net
annual benefits of street trees range from $30 to $90 per tree.

Trees may increase property values up to 15%, the Missouri Department of
Conservatiorreported, boostinggr 02 Y Y dzy A (i & Q dan@h@8nytopdy forii | E o |
streets, schools, and police. Research by Kathleen L. Wolf at the University of
Washingtonshowed that shoppers in areas with street trees come more often, stay

longer, and feel more positive about their purchadeesearch by E.r&ory McPherson

and Jules Muchnick noted thahade from trees protects pavement franigh surface
temperatures. Lowered surface temperatures make pavementdesse o rutting and

cracking and incread Jr GSYSy (1 Qa RdzNJ 0 A fstedit®atextengive@ A NJ TAYRA Y
shade can decrease the need for repayipgssibly by up to 25 years on a heavily

shaded streetwhich translates into decreadespending.

Q)¢
w»

Nowak et al(2014)F 2 dzy R (G KI 0 GKS (NXBSaQonltéasheddzi I yi NBY2
human health value of $6.8 billioMost of the health values were derived from urban

trees. The effects of reducing human mortalidominated these benefitsresearchers

found a national reduction ahore than 850 incidences of human mortali@ther

substantial health benefits include the reduction of more than 670,000 incidences of

acute respiratory symptoms, 430,000 incidences of asthma exacerbation, and 200,000

school loss days.

Foran example ofjuantified ecosystem service benefisgeAppendixF (Section F.2) for a

summary ofSouthern Methodist Y A S NE A (i @ Qa O lddhelogdhe TekdS Beed vy Sy i 2 NB
Foundation

5.33 Limitations/Considerations

To provide as many benefigs possible, trees need to live a full, healthy lifespan. Unfortunately,
tree roots can suffer from soil compaction and lack of space in urban spaces, causing higher tree
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mortality and increased replanting costs. Structural soil, tree pits, and Silssa@xh few ways
to counter these issue®lanting the right tree in the right place is also kepldainingthe most
benefits. For more information, see
http://forestry.usu.edu/files/uploads/PlantingTreesEnergyConservation.pdf

Structural Soil

Structuralsoilis a medium made of a mixture of rock and soils that can be compé#zted
pavement design and installation requirements while permitting raotgh. According to a

Tree City USA Bulletiih,is one of the most significant urban forestry developments in recent
decades. Structural soil can be used under sidewalks and parking lots to provide the strength
needed for paving or compaction while sugplytree roots with a comfortable environment.

The use of structural soil provides several benefits, according to the bulletin.

E It provides a reservoir for runoff that can then percolate deeper into the subsoil and
potentially recharge groundwater. Notes: Soil type affects infiltration. With poor
infiltration rates, drain pipes may be necessary.

It allows deeper root developmentvhich translates into larger tree canopies, more
intercepted precipitation, and more uptake by roots for transpiration.

It can be used under paved areas.

Normal amounts of surface pollutants are intercepted before reaching waterways.
The space can be sleat with utilities.

MMM ™

Tree Pits

Traditional tree pits can also contribute to runoff retention, especially if treyengineered for
water to drain into the pits with sloping pavement, curbs with inlets, and so on. The Tree City
USA Bulletin recommends ngigreater soil volume, connecting pits with trenches, and ensuring
that either the subsoil can receive percolating water or that a drain system is implemented to
prevent drowningof the root system.

Silva Cells

Silva Cells, cratiike structures filledvith soil, possess similar engineering attributes to

structural soil and provide even more growing space for roots, the Tree City USA Bulletin
reports. Acting as modular building blocks, they can contain healthy soil beneath paving while
accommodating suaunding utilities and supporting traffic loads. According to DeepRoot Green
Infrastructure, the manufacturer of Silva Cells, through soil filtration, bioremediation, and
evapotranspiration, the Silva Cell helps treat stormwater on site, restoring ecosgstemes

and saving money while protecting an incredibly valuable resource.

Common applications include breakout zones, parking lots, streetscapes, and plazas.
Installations in the North Texas region include Sundance Square Plaza in Fort Worthdiirstalle
October 2013) and Main Street in downtown Rowlett (installed in July 2014).
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5.34 Costs and Life Expectancy for Silva Cells

Converted from two old surface parking lots, the Sundance
Square PlazgseeFigure37) inclydes two rows of Cedar ElIms
Ff2y3 G§KS LIAcdorditydo alciSaNsiudySiané by

DeepRoot,K S LINR2 2SO0 Qa fIFyRaOl LIS bcn 7
480 deckdor the 18 trees to prevent soil compaction, foster :
growth, support a large canopy to provide shade, and use S :
innovative irrigation techniques. The average soil volume per Figure ' FyOS (|
tree was 800 cubic feet. Silva Cell installation.
Source: DeepRoot Green
For the Rowlett projectseeFigure38), trees previously installed Infrastructure.
in the area were not thriving due to poor soil condition, the
landscape architect repogtl. Wanting the best possible outcome for the lariggestment in
trees, the firm recommended the use of Silva Cells. The City installed enough cells to provide 61
trees with an average soil volume of 350 cubic feet. Ratha@n containing a tree in afé x 6ft.
tree well, the trees in downtown Rowtteare all connected by 8. x 80ft. trenches, which gives
the roots more space to grow. In addition, the adjacent concrete sidewalk is expected to need
less maintenancbecauseaoots should have space to
grow down rather than push the sidewalk.urhe cost of
the Silva Cellsdr the contractor to furnish and install
(including excavation, the Silva Cell material and
miscellaneous materials such as drainage system, and
aggregate) was $23 per cubaof based on a quantity of
21,000 cubic feetdr a total of $483,000.
{Af QO /1 SttaQ AyAlGAlIf Ozad g 1KY

standard tree installation. The design engineer for the
Rowlett project estimated standard costs for trees and : , .
. . . L Figure38. Trees installed wi
installation (without subsurface soil improvements) at Rowldt, Texas.

$1,500per tree. Costs of trees with Silva Cells, including ggyrce: La Terra Studio.
Silva Cell material, excavation, and soil replacement of ...

entire Silva Cell installation, were estimated at $5,000 per tree. Costs depend on several factors,
including site characteristics, the quagtof frames and decks, the tree size, and stormwater
treatment goals. The manufacturer estimates that a Silva Cell system cos&$Xkr cubic

foot, not including the base course, the final pavingd éhe tree. (Each framis 48 inches long

by 24 inches wide by 16 incheigh and holds about 10 cubic feet of soil.)

DeepRootreateda lifecycle analysis using th&riee too] which is available at
www.deeproot.com/silvapdfs/resources/articles/LifecycleCostAnalysisité DeepRoot

analysis shows the urban tree net lifecycle cost for &8 study period, based on typical costs
and benefits for Minneapolis, Minn., to be approxitelg $3,000 for the tree without Silva Cells,
and approximately $25,500 for the tree with Silva Cé&lisen thoughnstallation costs and total
maintenance costs of trees installed with Silva Cells are initially higher than those of a standard
tree installation, the benefits from reduced building energy costs, stormwater interception,
increased property values, and net value of carbbeorptionare expected to provide a

68



http://www.deeproot.com/silvapdfs/resources/articles/LifecycleCostAnalysis.pdf

substantial cost savings. Unlike a traditional tree installation, Silva Celfs@ade bioretention
and help a project achieve a stormwater fee credit, providing further cost savings.

Trees are also expected to have a much longer lifesgdiyearsversusl3 years. The longer
lifespan gives trees the chance to grow to tHeil potential and provide more ecosystem
service benefitswhichalso saves money due the decreasedrequency of purchasing and
planting.

A Landscape Architecture Foundation (LAF
case study provides a realorld example:

the Uptown Normal Street and Streetscape
Project in Normal, lliThis 2010
redevelopment projecincludes a new
roundabout and dwn green that
incomporates stormwater management and
public recreation into a vibrant gathering

space(Figure 39)The streetscape features i L\L

tree wells with Silva Cells. These cells provi S

67 street trees with generous space for root A - =
growth in uncompacted soil, which also Figure3o0® ! LIi26Yy b2NXIf Qa y
absorbs and filters runoff from downtown Town green features tree wells with Silva Cells.
sidewalks. Source: Town of Normal.

Some of the bnefitslisted by the LAF case
study:

1 Prevents 1.4 million gallons of stormwater per year from entering the municipal storm
sewer by directing runoff into tree wells and planter areas witdenground structural
cells whichalso recharges groundwater.

f Saves $61,000 in tree purchase and installation costs over 50 years by more than tripling
the expected lifespan of street trees from 13 to 50+ years through the use of
underground structual cells.

1 Sequesters at least 10,790 pounds of carbon annually in 104 new trees.
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FUNDINGRESOURCES

The below list includes some funding resources related to green infrastructure. Webpage links
are provided for further information.

I AmericanTraib
www.americantrails.org

tKAa ¢6So0aAirisS AyOftdzRSa aSOSNIE 6SolLJ 3Saz AyOf dzR
(www.americantrails.org/resources/funding/index.htinl
that provides grant and funding opportunity information as well as tips on grant writing.

T b/ ¢/ hDQa {dzaldl Ayl ofS 5S@St2LIYSyd CdzyRAy3 t NR3AN
www.nctcog.org/trans/sustdev/fundingprogram.asp

Thisprogram is designed taddress existing transportation system capacity, rail access, air
guality concerns, and/or mixed use developméanand around historic downtowns and

Main Streetsijn infill areasalong passenger rail lingand atrail stations. Three Calls for
Projects were conducted in 2001, 2006, and 2010 to fund Sustainable Infrastructure,
Landbanking, and Planning projects.

9 State Energy Conservation Office (SECO), RenewadrigyHncentives
WWW.Seco.cpa.state.tx.us/re/incentives.php

The website as dflarch 2017ists the following:

o SECO funding opportunitiésr renewable energy, energy efficiency, and energy
conservation projects and initiativés/\ww.seco.cpa.state.bx.us/fundin)/

o0 Texas Tax Code Incentives for Renewable Energy Systdnaslisting of property
tax exemptions, franchise tax exemptioasd franchise tax deductions
(www.seco.cpa.state.tx.us/re/incentiveaxcodestatutes.php)

o The Database of State Incentives for Renewable Energy (D&thiRIBprovides
information on ederal &state efficiency incentive@itip://www.dsireusa.org)

0 U.S. Department of Agriculture (USDA) Rural Energy for America Pragnarh
provides assistance for energy audits, renewaiergy technical assistance, and
renewable energy site assessments to agricultural producers and rural small
businesseshttp://www.rd.usda.gov/programsservices/ruralenergyamerica
programenergyaudit-renewableenergydevelopmentassistanceand provides
guaranteed loan financing and grant funding to agricultural producers and rural
small businesses to purchase andtall renewable energy systems or make energy
efficiency improvements/{ww.rd.usda.gov/programservices/ruralenergy
americaprogramrenewableenergysystemsenerqgyefficiency)
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1 Nonpoint Source Grants for Cleaning Up or Preventing Water Pollution
https://www.tceq.texas.gov/waterquaty/nonpoint-source/grants/grarpgm.html

The Texas Commission on Environmental Quality and Texas State Soil and Water
Conservation Boarddminister federal grants for activities that prevent or reduce nonpoint
source pollution such as development arighplementation of watershed protection plans,
implementation of both technologpased and water qualithased management measures,
low-impact development practiceand retrofits of stormwater control structures

1 Texas Community Development Blockdtam (TCDP)
https://www.texasagriculture.gov/GrantsServices/RuralEconomicDevelopment/RuralComm
unityDevelopmentBlock@nt(CDBG).asand
www.nctcog.org/envir/SEEDevEx/tcdp/index.asp

The TCDP provides grant funding to cities and counties for improvement of water and sewer
systems, other public facil@s, and housing.

o The Community Development Fund is available on a biennial basis through regional
competition for assistance to eligible cities and counties to address public facilities
and housing needs. Eligible activities include infrastructure pt®mgach as sewer
and water system improvements, street, bridge, and drainage improvements, and
housing rehabilitation.

o Other funds that may relate to green infrastructure: The Community Enhancement
Fund, which includes enhancements that address publittingaublic safetyand
renewable energy as part of a public facility; the Downtown Revitalization and Main
Street Programs, for public infrastructure improvements that aid in the elimination
of a blighted area; the Planning and Capacity Building Fundhvighfor local public
facility and housing planning activities to help prepare a comprehensive plan or any
of its componentsand the Small Towns Environment Program Fund, which provides
assistance for solving wex and sewer problems usirgglfhelp metods.

9 Texas Department of Transportati@rEransportation AlternativeSetAsideCall for
Projects
www.txdot.gov/insidetxdot/division/publictransportation/locatassistance.html
andwww.nctcog.org/trans/sustdev/landuse/step/index.asp

The TASetAside as administered by the deptment, provides funding for a variety of
alternative transportation projects, including eand offroad pedestrian and bicycle
facilities, infrastructure for nowlriver access to public transportation, projects that enhance
mobility, and Safe Routes t&chool infrastructure projects.
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https://www.tceq.texas.gov/waterquality/nonpoint-source/grants/grant-pgm.html
https://www.texasagriculture.gov/GrantsServices/RuralEconomicDevelopment/RuralCommunityDevelopmentBlockGrant(CDBG).aspx
https://www.texasagriculture.gov/GrantsServices/RuralEconomicDevelopment/RuralCommunityDevelopmentBlockGrant(CDBG).aspx
http://www.nctcog.org/envir/SEEDevEx/tcdp/index.asp
http://www.txdot.gov/inside-txdot/division/public-transportation/local-assistance.html
http://www.nctcog.org/trans/sustdev/landuse/step/index.asp

Texas Parks and Wildlife, Recreation Grants Program
www.tpwd.state.tx.us/business/grants/trpa/

These programs help to build new parks, conservainahtresources, provide access to
water bodies, develop educational programs for youth, and much more. The National
Recreation Trails Fund grant projects could include both motorized andnmorized
recreational trail projects such as the constructiometv recreational trails, improvements
to existing trails, development of trailheads or trailside facilities, and acquiring trail
corridors.

¢SEF&a 21 GSNI583St2LISyid .21 NRQa /Sty 2FGSNI {d
www.twdb.texas.gov/financial/programs/CWSRF/index.asp

The CWSRF provides lowast financial assistance for planning, design, and construction of
wastewater infrastructure. Eligiblapplicants include cities, counties, districts, river
authorities, other public bodies, and private entities. Financial assistance can be utilized for
wastewater treatment facilities, collection systems, wastewater recycling and reuse
improvements, storrwater pollution control, norpoint source pollution control, estuary
management project, and eligible green project reserve components.

¢SElFa 2F30SNI5S80St21LISyid .21 NRQaA DNBSyYy t Ner2SOi
www.twdb.texas.gov/financial/programs/green/index.asp

The Green Project Reserve aims to fund projects that utilize green gpathfipractices to
complement and augment hard or gray infrastructure; adopt practices that reduce the
environmentd footprint of water and wastewater treatment, collection, and distribution;
help utilities adapt to climate change; adopt more sustainable solutions to wet weather
flows; provide mechanisms to reinvest savings from reductions in water loss and energy
conservation; and promote innovative approaches to water management problems.

Po{ ® 5SLI NIYSyd 2F ! ANROdzZ (dzZNBEQa wdzNF £ 5S@3St 2L
Grant Program
www.rd.usda.gov/programservices/wateswaste-disposalloan-grantprogram

This program provides funding to households and businesses in eligible rural areas through
long-term, lowinterest loans and, if funds are available, grants comtbiwith a loan for
stormwater drainage and other systems.

P d{® 5SLINIYSY(d 2F | 2 dzsShsfamable gdmunids RegioralS @St 2 LIY S
Planning (SCRP) Grant Program
http://portal.hud.gov/hudportal/HUD?src=/program_offices/economic_resilience/sustainab

le communities reqional planmy grants

This progransupports locally led collaborative efforts that bring together diverse interests
from many municipalities in a region to determine how best to target housing, economic
and workforce development, and infrastructure investments toateemore jobs and
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http://www.tpwd.state.tx.us/business/grants/trpa/
http://www.twdb.texas.gov/financial/programs/CWSRF/index.asp
http://www.twdb.texas.gov/financial/programs/green/index.asp
http://www.rd.usda.gov/programs-services/water-waste-disposal-loan-grant-program
http://portal.hud.gov/hudportal/HUD?src=/program_offices/economic_resilience/sustainable_communities_regional_planning_grants
http://portal.hud.gov/hudportal/HUD?src=/program_offices/economic_resilience/sustainable_communities_regional_planning_grants

regional economic activity. One example is the Heart of Texas Council of Governments
award to develop a regional plan that includes the following areas: housing; transportation;
water; infrastructure; air quality; solid waste; communitygagement and engagement
resources; entrepreneurship and small business; community priorities, needs, and concerns;
issues creating disparities in access; economic vulnerability points, both for physical
communities and for characteristic communities; aieghate vulnerability points, especially
drought and subsequent flooding.

P d{® 5SLINIYSYld 2F GKS LYGSNA2NDa wABSNE ¢ NI AT
www.nps.gov/orgs/rtca/index.htm

This pogram helps communities improve parks, establish trails, access rivers, and protect
special places.

U.S. Economic Development Administrat{@&@DA) Public Works programs
www.eda.gov/

This program aims to empoweistressed communities to revitalize, expand, and upgrade
their physical infrastructure to attract new industry, encourage business expansion, diversify
local economies, and generate or retain lelegm, private sector jobs and investment.

U.S. Environmental Protection Agen@etting to Green: Paying for Green Infrastructgre
Financing Options and Resources for Local Dedideers.December 2014. EPABR 14-
005. Available online atww?2.epa.qov/sites/poduction/files/2015

02/documents/qgi financing options 12014 4.pdf

This document summarizes various funding sources that can be used to support stormwater
management programs or finance individual projedisach type of funding source is
illustratedby several municipal programs and contains a list of additional resoufces.
comparative matrix describgbe advantages and disadvantages of the various funding
sources.
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http://www.nps.gov/orgs/rtca/index.htm
http://www.eda.gov/

APPENDIX ANICTCOG CASE STRD

A.1 NCTCOG Questionnaire Sent to Case Studies

Contact Name
Email Address
Phone Number

Entity and Relationship to Project:

Project Name

Project Location

Project Completion Date

Size of Project (acres, miles, or square feet)

If you know the impervious area as well as the total size, pleass latow both.

1. Project Description (one or two paragraphs)
If you prefer that we create the description, provide a link to a previous case study or preferred webpage.

2. Reasons the Project Used Green Practices Versus Traditional

. Land Use/ProjecType

Park/open space

Institutional

Commercial

Greyfield or brownfield redevelopment
Transportation

Streetscape

Recreational trail

Other:

[oCB e e N e I - I > e e N ¢V )

4. Green Features (Note: The features should be relevant for transportapoojects.)

Permeable pavement in roadway, alley, parking lot, or sidewalk
Permeable pavers in parking lot or sidewalk

Recycled materials for roadway or trail construction

Green trail materials please list:

Ex: Native soilith ecofriendly binder, specific recycled materials, porous pavement, etc.
Bioretention or rain garden

Bioswale

Enhanced swale

Grass channel (vegetated swale)

Filter strip

Infiltration trench

Stormwater pond

Xeric spees

[
[
[
[
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3 Treeg with Silva Cells

3 Treeg without Silva Cells
3 LED lighting

3 Solar lighting

3 LED and solar lighting

5 Other:

5. Key Design Features

6. Costs
2 SQR tA1S a YdzOK Ay T2N)I ( kddtyforleach elethet, itpbsgibleLINBIGA RS ® { S
possible, please provide what you can or send us bid tabulations.

Estimated cost of each green element:

Element: Quantity: Total cost: $
Element: Quantity: Totest: $

Element: Quantity: Total cost: $

or green features as percentage of overall project cost %

or sending bid tabulatior?

B. Cost of entire project: $
7. Maintenance Requirements

8. Expected Lifetime of Green Elements (if known)

. Project Challenges

High material costs
High maintenance
Codes/ordinances
Other:

o o0 o o1 (©

10. Lessons Learned (optional)

11. Social, Environmental, and Economic Benefits
Water quality improvements

Runoff reduction

Groundwater recharge

Stormwater peak rate reduction

Reduced urban heat island effect

Air quality improvements

Increased open space

Energy efficiency

Reduced construction costs (cpared to gray infrastructure)
Increased property values

Increased potential for economic development

[ eC I (I e N © (I e (I © N © (N © (N © (N o
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Traffic calming/pedestrian safety
Public education opportunity
Improved community aesthetics
Other:

If you have spéfic information about the above benefits you want to share, please include here:

12. Images

Do you have photos, images, or diagrams that you can give us permission to use? Please send them to us
when you submit this form. Supply credits here:

13. Links

If you have one to two links you would like us to include for more information, please list them here:




A.2 Project Contactand Links for Mordnformation

TablelO. List of case studigproject contactsand links for more informatian
Links Provided in Case Study Questionnaires for More Information

Case
Study
No.

Project Name

The Green at
College Park

South Main
Reconstruction
Parking Lot
Red Oak Creek
Trail

Congo Street
Initiative

Dallas Urban
Reserve

EImStreet
Streetscape
Improvements
Katy Trall

Perot Museum
of Nature and
Science

Location

Arlington,
Texas

Carrollton,
Texas

Cedar Hill,
Texas
Dallas, Texas

Dallas, Texas

Dallas, Texas

Dallas, Texas

Dallas, Texas

Project Contact and
Relationship to Project

Associates (Landscape
Architect, Architect, and
Civil Engineer)

City of Carrollton
(Project Owner)

City of Cedar Hill
(Project Owner)
bcWORKSHOP
(Designer)

Kevin Sloan Studio
(Landscape Architect,
Planning Consultant)
City of Dallas (Project
Owner)

City of Dallas (Project
Owner) and Friends of
the Katy Trall
(Maintainer)

Talley Associat
(Landscape Architect)

None

None

None

bcWORKSHO#ebpaged / 2 \Stedtl y A (i AJantaky?l 2018:
www.bcworkshop.org/posts/congestreet-initiative

Kevin Sloan Studio webpageuww.kevinsloanstudio.com/

None

None

Perot Museum of Nature and Science website:w.perotmuseum.org/

¢l ffSe 1 3a20A1 G848 6So6LI 38T &t SNR

http://talleyassociates.com/percimuseum.html

a dz
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http://www.bcworkshop.org/posts/congo-street-initiative
http://www.kevinsloanstudio.com/
http://www.perotmuseum.org/
http://talleyassociates.com/perot-museum.html

10

11

12

13

Project Name

Trinity River
Audubon Center

Oncor LED
Streetlight Pilot
and Technical
Evaluation
Program
Rayzor Ranch

FortWorth
Nature Center
and Refuge
Green Parking
Lot

Historic Handley
Urban Village
Streetscape
Project

Location

Dallas, Texas

DallasFort
Worth Area,
Texas

Denton,
Texas

Fort Worth,
Texas

Fort Worth,
Texas

Project Contact and
Relationship to Project

City of Dallas (Project
Owner) and Trinity Rive
Audubon Center
(Operator)

Oncor (Project Owner)

Dunaway Associates
(Engineer and Designer

Fort Worth Nature
Center & Refuge
(Project Owner)

City of FortwWorth
(Project Owner)

Links Provided in Case Study Questionnaires for More Information

None

Oncor LED Streetlight Pilot & Technical Evaluation Update, a 2012 presentation t
Michael Navarro, Oncor Electric Delivery:
http://appsl.eere.enerqgy.gov/buildings/publications/pdfs/ssl/

msslc_dallas2012 navarro.pdf

PostEstablished iISWM Maintenance Plan for Rayzor Ranch North by Dunaway
Associateshttp://iswm.nctcog.org/Documents/iTools/Case Studies/
Rayzor/Rayzor iSWNWiaint.pdf

Final iISWM Study RepartRayzor Ranch Addition:
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor/
Rayzor_Ranch_iSWM_Report.pdf

iswmToolg/ &S { GdzZRASa 6SoLI IS a[ 2 O¢Rayzor NE
wl y OK btp:NIwk .&c¥tcog.org/Documents/iTools/Case_Studies/
Rayzor CS.asp

Fort Worth Nature Center and Refuge webpage:w.fwnaturecenter.org/

Teague Nall & Perks webpage on the Fort Worth Nature Center:
www.tnpinc.com/project/fortworth-nature-center/

None
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http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/msslc_dallas2012_navarro.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/msslc_dallas2012_navarro.pdf
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor/Rayzor_iSWM_Maint.pdf
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor/Rayzor_iSWM_Maint.pdf
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor/Rayzor_Ranch_iSWM_Report.pdf
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor/Rayzor_Ranch_iSWM_Report.pdf
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor_CS.asp
http://iswm.nctcog.org/Documents/iTools/Case_Studies/Rayzor_CS.asp
http://www.fwnaturecenter.org/
http://www.tnpinc.com/project/fort-worth-nature-center/

Project Name Location Project Contact and Links Provided in Case Study Questionnaires for More Information

Relationship to Project

14 Mountain Creek Grand City of Grand Prairie None
Lake Park Trail = Prairie, Texas (Project Owner)
15 Timber Creek Keller, Texas Teague Nall and Perkin: None
High School Inc.
(Engineer/Landscape
Architect)
16 Downtown Rowlett, La Terra Studio Downtown Rowlett Tour videohttps://www.youtube.com/watch?v=8 g2R50MDM\
Rowlett Texas ((Landscape Architect)
Streetscape and KimleyHorn

(Design Engineer)

17 Merritt Road Rowlett, Freese and Nichols Sustainable Public Righf-Way Principleg Merritt Road presentation:
Texas (Consultants) www.nctcog.org/ewir/SEEDevEx/pubworks/documents/
2011/4-Dennis_Abraham_Merritt Rd PWR.pdf

18 St. Stephen's  Austin, Texas Resource Design wSaz2dz2NDS 58S and@yyedurcd SaobiudiSonm
Pedestrian (Designer and
Green Landscape Architect)

19 Bioretention for ~ Bryan, Texas Texas A&M Li,Mingl 'y S&G If® 2 (SN CgnpariNgBjoretsriicn ®é&sigres |
Stormwater University/TexasA&M 2 A0 K YR 2 A0K2dzi |y LYGSNYyLFE 2 4S8N {
Quality Transportation Institute | www.ncbi.nlm.nih.gov/pubmed/24961065
Improvement in (Researcher)

Texas ¢SEF& !sa ¢NIYALRNIFIGAZ2Y LyadAdGdzisS ¢

vdzk ft AGé LYLINROBSYSyid Ay ¢SEIlasy
http:/tti.tamu.edu/enhanced-project/bioretention-for-highwaystormwaterguality/
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https://www.youtube.com/watch?v=8_q2R5QMDMw
http://www.nctcog.org/envir/SEEDevEx/pubworks/documents/2011/4-Dennis_Abraham_Merritt_Rd_PWR.pdf
http://www.nctcog.org/envir/SEEDevEx/pubworks/documents/2011/4-Dennis_Abraham_Merritt_Rd_PWR.pdf
http://www.resourcedesignaustin.com/
http://www.ncbi.nlm.nih.gov/pubmed/24961065
http://tti.tamu.edu/enhanced-project/bioretention-for-highway-stormwater-quality/

Case

Study
No.
20

21

22

Project Name

Bagby Street
Reconstruction

Birnamwood
Drive

Blue Hole
Regional Park

Location

Houston,
Texas

Houston,
Texas

Wimberley,
Texas

Project Contact and
Relationship to Project

Walter P Moore
(Designer)

Construction
EcoServices
(Construction)

Design Workshop
(Planner, Designer, and
Landscape Architect)

Links Provided in Case Study Questionnaires for More Information

1/ C 9yOANRYYSyGLts 4C20Ftt2Ayd . A2FA

/ SNIXATASR DNBSYNRIFR ! LILX AOFGA2YEY
www.acfenvironmental.om/App _Content/media/Greenroad 1SPP.pdf

DNBSYNRIR& ¢SolLJ3AST a.F3oe {GNBSGH wSs
https://lwww.greenroads.orq/141/49/bagbygtreet-reconstruction.html

bAYYFYYS ¢IFNI® daiRiG26y | 2dzad2y { GNB
Sustainable Construction, Winter 2013:
www.nxtbook.com/nxtbooks/cygnus/s@013winter/index.php?startid=29#/27

{LISYOSNE LY3INAR® DNBSYy{2dz2NOS 4SoLJ 3S
August 5, 2015:
http://greensource.construction.com/news/2014/08/1408eagbystreet-changes
the-gamefor-houstonstreets.asp

Construction EcoServices project profiién://cdn2.hubspot.net/hub/153600/file
23238001pdf/resources/swq%20treatment/
focalpoint_application report birnamwab drive.pdf?t=1446564307735

Blue Hole Regional Park websitevw.blueholeregionalpark.com/

/ SYGSNI F2NJ ! OGAQGS 5S8SaArdays a.tdzS | 2t S
http://centerforactivedesign.org/awards/blueholepark

Landscape Architecture Foundation, Blue Hole Regional Park case study:
http://landscapeperformance.org/casstudy-briefs/blue-hole-regionatpark
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http://www.acfenvironmental.com/App_Content/media/Greenroad_1SPP.pdf
https://www.greenroads.org/141/49/bagby-street-reconstruction.html
http://www.nxtbook.com/nxtbooks/cygnus/sc_2013winter/index.php?startid=29#/27
http://greensource.construction.com/news/2014/08/140805-bagby-street-changes-the-game-for-houston-streets.asp
http://greensource.construction.com/news/2014/08/140805-bagby-street-changes-the-game-for-houston-streets.asp
http://cdn2.hubspot.net/hub/153600/file-23238001-pdf/resources/swq%20treatment/focalpoint_application_report_birnamwood_drive.pdf?t=1446564307735
http://cdn2.hubspot.net/hub/153600/file-23238001-pdf/resources/swq%20treatment/focalpoint_application_report_birnamwood_drive.pdf?t=1446564307735
http://cdn2.hubspot.net/hub/153600/file-23238001-pdf/resources/swq%20treatment/focalpoint_application_report_birnamwood_drive.pdf?t=1446564307735
http://www.blueholeregionalpark.com/
http://centerforactivedesign.org/awards/blueholepark
http://landscapeperformance.org/case-study-briefs/blue-hole-regional-park

23

24

25

26

27

Project Name

Elmer Paseo
Stormwater
Improvement
Project

Obern Trail
Lighting Retrofit
Project

Santa Monica
Rubberized
Sidewalk
Program

LEDBMark Light
Demonstration
Project

SE Clay Green
Steet: Water to
10" Avenues

Location

Los Angeles,
Calif.

Santa
Barbara
County, Calif.

Santa
Monica, Calif.

Portland,
Ore.

Portland,
Ore.

Project Contact and

Relationship to Project

Council for Watershed
Health (Secured
Funding, Managed
Stakeholder
Collaboration)

Santa Barbara County
(Owner)

City of Santa Monica
(Owner)

Portland Bureau of
Transportation (Owner)
and Saris (Product
Provider)

City of Portland (Owner)

Links Provided in Case Study Questionnaires for More Information

DNBSYy>Z 9YAfeéd a¢KS 5NEB DIFNRSYY 94VKsS N
andSolaf A AKG SR / 2 Y Yainfrgéies Tirdekuly 23\ Z0£0.
http://latimesblogs.latimes.com/home_blog/2010/07/elmeavenuesunvalley.html

Landscape Architecture Foundation, EImer Avenue Neighborhood Retrofit case s
http://landscapeperformance.org/casstudy-briefs/elmeravenueneighborhood
retrofit

.St RSYZ 9R4IFINR Si Ifod a{daAdlIAylofS L
w S i NPIrbak CobgtMarch 2012
http://watershedhealth.org/Files/document/793 2012%20Belden.pdf

None

None

Saris Guide Lights Sell Shegips://www.sarisparking.com/wpg
content/uploads/2013/10/201CycleGuidelightSeltSheet.pdf

¢CKS /AGe 2F t2NIflyRZI hNB&®Z ¢gSolLJ IS
www.portlandoregon.gov/bes/47012
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http://latimesblogs.latimes.com/home_blog/2010/07/elmer-avenue-sun-valley.html
http://landscapeperformance.org/case-study-briefs/elmer-avenue-neighborhood-retrofit
http://landscapeperformance.org/case-study-briefs/elmer-avenue-neighborhood-retrofit
http://watershedhealth.org/Files/document/793_2012%20Belden.pdf
https://www.sarisparking.com/wp-content/uploads/2013/10/2013-Cycle-Guide-Light-Sell-Sheet.pdf
https://www.sarisparking.com/wp-content/uploads/2013/10/2013-Cycle-Guide-Light-Sell-Sheet.pdf
http://www.portlandoregon.gov/bes/47012

Project Name Location

Project Contact and
Relationship to Project

Links Provided in Case Study Questionnaires for More Information

28 Henderson Blvd. Olympia,
Sidewalk Wash.

29 Chicago Green  Chicago, Il

Alley Program

30 Ravinia Festival Highland
South Parking = Park, Il
Lot

31 Uptown Normal Normal, Ill.
Street and
Streetscape
Project

32 Areawide Right = New York
of-Way Bioswale City, N.Y.

City of Olympia (Owner)

Knight Engineers and
Architects (Designer)

SmithGroupJJR (Prime
ConsultantCivil
Engineer, Landscape
Architect)

Town of Normal
(Owner)

New York City
Department of
Environmental
Protection (Owner)

¢232YSSyYy> /NIXAIP a4t 2NRdza /
{G02NXV6l GSNIt2yRadvé [/ AGe 27F
http://olympiawa.gov/~/media/Files/PublicWorks/Water

Resources/PorousConcreteSidewalks BuildSidewalks NotStormwaterPonds.ask

¢t232YSSy> /NXAIP a{ARSglIf] tNRr2SOlaod
http://olympiawa.gov/~/media/Files/PublicWorks/Water
Resources/Sidewalk%20Projects¥2R0Porous%20Concrete.ashx

City of Chicagdrhe Chicago Green Alley Handbook: An Action Guide to Create a
Greener, Environmentally Sustainable Chic20a0..
www.cityofchicago.org/dam/city/depts/cdot/Green_Alley Handbook 2010.pdf

Landscape Architecture Foundatid®avinia Festival South Parking tase study:
http://landscapeperformance.org/casstudy-briefs/raviniafestivatsouth-parkinglot

Landscape Architecture Foundation, Uptown Normal Circle and Streetscape case
study:

http://landscapeperformance.org/casstudy-briefs/uptown-normalcircleand
streetscape

Landscape Architecture Foundation, Uptown Normal Circle and Stegescase study
methodology:

http://landscapeperformance.org/sites/default/files/
Uptown%20Normal%20Methodology.pdf

bSs ,2N) /AGe 5SLINIYSY(d 2F 9yGANRYY

LYFNF adNUzOGdzNBE tfly FyR !'yydzf wSL2N
www.nyc.gov/html/dep/html/stormwater/nyc_green_infrastructure plan.shtml
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http://olympiawa.gov/~/media/Files/PublicWorks/Water-Resources/PorousConcreteSidewalks_BuildSidewalks_NotStormwaterPonds.ashx
http://olympiawa.gov/~/media/Files/PublicWorks/Water-Resources/PorousConcreteSidewalks_BuildSidewalks_NotStormwaterPonds.ashx
http://olympiawa.gov/~/media/Files/PublicWorks/Water-Resources/Sidewalk%20Projects%20-%20Porous%20Concrete.ashx
http://olympiawa.gov/~/media/Files/PublicWorks/Water-Resources/Sidewalk%20Projects%20-%20Porous%20Concrete.ashx
http://www.cityofchicago.org/dam/city/depts/cdot/Green_Alley_Handbook_2010.pdf
http://landscapeperformance.org/case-study-briefs/ravinia-festival-south-parking-lot
http://landscapeperformance.org/case-study-briefs/uptown-normal-circle-and-streetscape
http://landscapeperformance.org/case-study-briefs/uptown-normal-circle-and-streetscape
http://landscapeperformance.org/sites/default/files/Uptown%20Normal%20Methodology.pdf
http://landscapeperformance.org/sites/default/files/Uptown%20Normal%20Methodology.pdf
http://www.nyc.gov/html/dep/html/stormwater/nyc_green_infrastructure_plan.shtml

33

34

35

36

37

38

Project Name

Clark Park
Infiltration Bed
(Basketball
Court)

Mill Creek Tree
Trench

Penn Street Trail

Green Tracks
Pilot Project

GW Square 80

Dora Kelley Park
Trail
ReSurfacing
Project

Location

Philadelphia,
Pa.

Philadelphia,
Pa.

Philadelphia,
Pa.

Baltimore,
Md.

Washington,
DC

Alexandria,
Va.

Project Contact and

Relationship to Project

Philadelphia Water
Department (Owner)

Philadelphia Water
Department (Owner)

Delaware River
Waterfront (Manager
and Maintainer)

Mahan Rykiel Associate
(Landscape Designer)

Studio39 (Landscape
Architect)

City of Alexandria
(Owner)

Links Provided in Case Study Questionnaires for More Information

t KAt FRSELIKAF 21 GSNIS5SLINIYSYydG ¢SolLd 3
/ 2 dzMdvé.pyillywatersheds.org/what were doing/green_infrastructuredpects/
clark_park

None

DFiSax YSttAS t I (N GladPhilyfuBeyly, 20131 NB S i
http://planphilly.com/articles/2013/06/17/pennstreettrail-opens

Mahan Rykiel Associates webpageyw.mahanrykiel.com

{dAGFAYFOtS {LGO{ LYAGAFGADS o Srgodt 36
Y A @S WBwksiislaiba¥lesites.org/certifiedites/square80

z

' YSNRAOFIY {20ASie 2F [yRaOlFLIS ! NOKAI
Management Case StudyGW Square 80 dzo f A O t f | T | &£
www.asla.org/uploadedFiles/CMS/Advocaaydieral _Government Affairs/
Stormwater_Case_Studies/Stormwater%20Case%20163%20GW%20Square%?2|
Public%20Plaza,%20Washington,%20DC.pdf

[ S2y I NRZ wl OKSt® awSOeO0f SR ¢ANBa LYL
CNRY 9 NEa&A 2y WesttENRAISxahdrid PlatbfiRpé 28¢2012.
http://patch.com/virginia/westendalexandria/recycletires-improvetrail-at-dora-

kelley
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http://www.phillywatersheds.org/what_were_doing/green_infrastructure/projects/clark_park
http://www.phillywatersheds.org/what_were_doing/green_infrastructure/projects/clark_park
http://planphilly.com/articles/2013/06/17/penn-street-trail-opens
http://www.mahanrykiel.com/
http://www.sustainablesites.org/certified-sites/square80
http://www.asla.org/uploadedFiles/CMS/Advocacy/Federal_Government_Affairs/Stormwater_Case_Studies/Stormwater%20Case%20163%20GW%20Square%2080%20Public%20Plaza,%20Washington,%20DC.pdf
http://www.asla.org/uploadedFiles/CMS/Advocacy/Federal_Government_Affairs/Stormwater_Case_Studies/Stormwater%20Case%20163%20GW%20Square%2080%20Public%20Plaza,%20Washington,%20DC.pdf
http://www.asla.org/uploadedFiles/CMS/Advocacy/Federal_Government_Affairs/Stormwater_Case_Studies/Stormwater%20Case%20163%20GW%20Square%2080%20Public%20Plaza,%20Washington,%20DC.pdf
http://patch.com/virginia/westendalexandria/recycled-tires-improve-trail-at-dora-kelley
http://patch.com/virginia/westendalexandria/recycled-tires-improve-trail-at-dora-kelley

Case Project Name Location Project Contact and Links Provided in Case Study Questionnaires for More Information

Study Relationship to Project

No.

39 GW Solar Walk  Loudoun Studio39 (Landscape D2 ¢2RI &X aD2 5Sodzia {2fFNJ2Ff]1 2y
County, Va.  Architect) Oct. 1, 2013http://gwtoday.gwu.edu/gwdebutssolarwalk-virginiascienceand-

technologycampus

40 Deaderick Street Nashuville, Hawkins Partners, Inc. W2 Ky a2y s 9f Al 0SGKed awSy2@F SR 5SI RS
Tenn. (Landscape Architect) t f F Yy SNAE . NAy 3 FO1 [/ 2y y SOl ATAerenneSséan.S
June 15, 2010.
ohttp://archive.tennessean.com/article/20100615/DAVIDSON/100615071/Renova
DeaderickSreet-enhanced\ashvilles-city-core

I Fg1Aya tFENIYSNARTZ LyO® ¢SoLJ ISz a5S|
http://hpigreen.com/tag/deaderickstreet/

NEY{GNBSGiad ¢6SEILUNBSE¢&5SIF RSNA O
http://www.restreets.org/casestudies/deaderickstreet

41 Triangle Parking Stone Robert and Company = Stone Mountain Park Triangle Parking Lot video:
Lot Mountain, (Designer, Engineer, https://www.youtube.com/watch?v=nxC6IX>a¥
Ga. Landscape Architect)
42 Hinds Pearl, Miss. = Weatherford/McDade  None
Community (Landscape Architéc
College
Multipurpose
Center
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http://gwtoday.gwu.edu/gw-debuts-solar-walk-virginia-science-and-technology-campus
http://gwtoday.gwu.edu/gw-debuts-solar-walk-virginia-science-and-technology-campus
http://archive.tennessean.com/article/20100615/DAVIDSON/100615071/Renovated-Deaderick-Street-enhances-Nashville-s-city-core
http://archive.tennessean.com/article/20100615/DAVIDSON/100615071/Renovated-Deaderick-Street-enhances-Nashville-s-city-core
http://hpigreen.com/tag/deaderick-street/
http://www.restreets.org/case-studies/deaderick-street
https://www.youtube.com/watch?v=nxC6lXxv-zY

YOMING

Tarrant County Dallas County

y

North Central Texas

Arlington, Texas - The Green at College Park
Carrollton, Texas - South Main Reconstruction Parking Lot
Cedar Hill, Texas - Red Oak Creek Trail
Dallas, Texas - Congo Street Initiative
Dzllas, Texas - Dallas Urban Reserve
Dallas, Texas - Elm Street Streetscape Improvements
Dallas, Texas - Katy Trail
8 Dallas, Texas - Perot Museum of Nature and Science
U1 Dallas, Texas - Trinity River Audubon Center
51} Dallas-Fort Worth Area, Texas - Oncor LED Streetlight Pilot and Technical Evaluation Program
St Denton, Texas - Rayzor Ranch
"V Fort Worth, Texas - Fert Worth Nature Center and Refuge Green Parking Lot
Fort Worth, Texas - Historic Handley Urban Village Streetscape Project
Grand Prairie, Texas - Mountain Creek Lake Park Trail
Keller, Texas - Timber Creek High School
Rowlett, Texas - Downtown Rowlett Streetscape
Rowlett, Texas - Merritt Road

Rest of Texas

") Austin, Texas - 5t. Stephen's Pedestrian Green

sk} Bryan, Texas - Bioretention for Stormwater Quality Improvement in Texas
%1} Houston, Texas - Bagby Street Reconstruction

i Houston, Texas - Birnamwood Drive

7] Wimberley, Texas - Blue Hole Regicnal Park

Figure40: Map of NCTCOG case studies.
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Comencil of Goreermmenis

Rest of U.S.

Los Angeles, Calif. - Elmer Paseo Stormwater Improvement Project
Santa Barbara County, Calif. - Obern Trail Lighting Retrofit Project

Santa Monica, Calif. - Santa Monica Rubberized Sidewalk Program
Portland, Ore. - LED Mark Light Demonstration Project
Pertland, Ore. - SE Clay Green Street: Water to 10th Avenues
Olympia, Wash. - Henderson Blvd. Sidewalk

Chicago, Ill. - Chicage Green Alley Program

Highland Park, Ill. - Ravinia Festival South Parking Lot

Mormal, Il - Uptown Normal Street and Streetscape Project
New York City, N.Y. - Area-wide Right-of-Way Bioswale
Philadelphia, Pa. - Clark Park Infiltration Bed (Basketball Court)
Philadelphia, Pa. - Mill Creek Tree Trench

Philadelphia, Pa. - Penn Street Trail

Baltimore, Md. - Green Tracks Pilot Project

Washington, DC - GW Square 80

Alexandria, Va. - Dora Kelley Park Trail Re-Surfacing Project
Loudoun County, Va. - GW Solar walk

Mashville, Tenn. - Deaderick Street

Stone Mountain, Ga. - Triangle Parking Lot
Pearl, Miss. - Hinds Community College Multipurpose Center




APPENDIX:BHE IMPACTS OF GROWAND NEED FOR GREEN
PRACTICES

AAAAA

¢tKAE aSOlA2y KAIAKfEAITKGE (GKS NBIAZ2Y QandrBakesiSOG SR 3N
connections from those impacts to the need for green infrastructure practices. It does not

specifically discuss climate change, but the impattdimate change and development

intersect. For example, green stormwater infrastruct(@Sljs one technique proposed by the

U.S. Environmental Protection Ager{&PAjJo help improve community resiliency in the areas

of flood management and urban heat island reduction. For more information, please visit the

9t ! Qa $SoLI IS G DNBISKNYLYST NS a NH208 \dMEBe FI2 NI
http://water.epa.gov/infrastructure/greeninfrastructure/climate_res.cfr(iThe EPA uses the

term green infrastructureénstead ofgreen stormwateinfrastructure)

B.1 Impacts of Expected Growth

The cities and suburbs in North Central Texas are growing rafixigrding to recent U.S.

Census Bureau estimates, the Dalast Worth-Arlington metropolitan area added more

residents than almost anylere elsan the nation(more than 131,000 people from July 1, 2013,

to July 1, 2014), behind only Houstdhe WoodlandsSugar Land, reported theallas Morning

News! LINRA f W nHoustort AXda anODaBB A NI 2 2 NI K ¢ 2 IDNRIgHIiK2 y @& (@&
The four largest courgs in the metropolitan area Collin, Dallas, Denton, and Tarrarghowed

strong growth over the past several years, as sedfigure41.

Population estimates for area counties
COLLIN DALLAS DENTON
(In thousands) (in millions) (In thousands)
900 800
885,241 2.52 million 753,363
850 25 O 750
800 24 700
750 23 650
788,568 2.37 million 666,938
700 — . 22 — . 600 ey
10N 121314 10 "N 1211314 011 121314
ELLIS ROCKWALL TARRANT
(In thousands) (In thousands) (In millions)
200 125 20 1.95 million
159,317 7,
175 593 100 allatiy 19
150 75 1.8
I i
126 150431 50 78967 4 82 million
100 —————r 25 —+ v+t 16 ——v—v—
1011 121314 1011 121314 10 11 12 1314

Figure41. 20162014 population estimates for Dall&®rt Worth area counties.
Source: Dallas Morning Ms. Created by Key Alcoallas Morning Newstaff artist. 2015.

86



http://water.epa.gov/infrastructure/greeninfrastructure/climate_res.cfm

This growth is expected to continue. According to the North Central Texas Council of
D2@SNYYSydQa wnnn 5SY2HFdtWoith M&ropolRaNBlabhirgg drBa G KS 51 f f
can expect tgrow from approximately 6.3 million residents in 2010 to more than 10.6 million

residents in 2040; during that same time period, employment will increase from approximately

4.0 millionto 6.7 millionjobs.

While this expected growth may be benefldmmany ways, the development required to
FOO2YY2RIGS GKAA IAINRGOK gAff AYLI OG GKS NBIA2YyQ:
With the use of green infrastructure practices, these impacts may be at least partially tempered.

The sections belowrpvide information on how development can deplete natural resources,
create urban heat islandanddecrease air qualityit also outlines how development aacrease
stormwater runoff,leadingto an increase in flooding, erosion and sedirtegion, and water
pollution.

B.1.1 Natural Resource Depletion

One issugesulting fromincreased development & greateruse of natural resourcesvhich has

been identified as a problem faransportaion projectsfor at least two decades. Rebecca

Davio, writing ifPublic Roads 6 2 dzii G KS ¢ SElF & 5SLI NIYSyd 2F ¢NFyal
initiative, cited a 1998 U.S. Geological Survey (USGS) economic assessment for construction

FLILX AOFGA2yad ¢KS aasSaaySyd y20SR GKS YAyAy3a 2
constrainedby urbd AT I A2y > T2yAy3 NB3IdA FGA2yas AyONBI asSR
The supply of local stone has been exhausted in some parts of the country, requiring long hauls

and higher pricesDavio continued

'.|

4]

Figure42. The rocks ecavated at Timber Creek High School Wre repurposed, reducing transportation
costs and emissions.
Source Teague Nall & Perkins.




B.1.2 Urban Heat Islands, Decreased Air Quality, and Public Health Risk

Another issue associated with development is theaur heat island (UHI) effecin urban heat
islandis a builtup area that is hotter than nearby runagions As cities develop, surfaces are
paved or built up while vegetation lisst, resultingn less shade and moisture that ckeep

places cool. In the evening, the difference in temperatures can be as much as 22°F, the EPA
reportsin its publicatiorReducing Urban Heat Islands: Compendium of Stratefpesperatures
are highest at rooftops and unshaded pavemernighfpavement and rooftop surface
temperatures can heat stormwater runoff as well, which can affect all aspects of aquatic life,
according to the EPA. With extreme heat, infrastructal®can beimpacted(for example, road
pavement bucklig).

In recent years, several initiatives to mitigate timban heat islan@ffect have developed in

North Central Texas. Examples include the Urban Heat Island Project identified by the Dallas

Sustainable Skylines Initiative (DSSI), a tHyesr partnersip between the City of Dallas, the

9t ! X YR b/ ¢/ h-BMedi&n Tred PladtifgProgrétr2 théiiTree North Texas
LYAGAFGAGST GKS /AGe 2F CNRaO2Qa DNBSYy . dzAif RAy3
Building Challenge.

Asseen in thdollowing graph from the DS&lport (Figure 43)dense urban areasith their
lowertree cover andyreaterpaved surfacesan be 8Fto 8°Fhotter on average than nearby
rural regions The graph alsevidencesthat not only bigcities but also suburbare affected
oF °C
92 33
32

3N

30
85 DOWNTOWN

Figure43. Urban heat island effect.
Source: Dallas Sustainable Skylines Initia?089.

Higher temperatures can lead to rising energy costs, requiring more electricity for air

conditioning. According to th2009DSSteport, energy cosmay amount to several hundred

million ddlars per year for DallaBr. Brian Stonegnassociate professat the School of City

and Regional Planning at the Georgia Institute of Technotbggissed this isswduring the

ale@ Hnmn GDNBeE (2 DNBAYE: NBYFEWBYyOS2AYy 5Ffflaod
while air conditioning ishe primary alaptive strategy to deal with the threat of heat, the

electric grid is becoming less resilierst seen in the Northeast Blackout of 2003. Dr. Stone

pointed to some of the impactduring that blackoutnot only was there no air conditioning, but

it alsobecame harder to purify water, backup systems failed, and gas cotilte pumped into

cars.
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High temperatures are also associated with high levels of gréevel ozone, a key pollutant of
concern for the Dallakt. Worth area. In 2012, the EPA dgsited 10 North Central Texas
countieg Collin, Dallas, Denton, Ellis, Kaufman, Johnson, Parker, Rockwall, Tarrant, and Wise
as nonattainment for ozone based on tB8088-hour ozone National Ambient Air Quality
Standards (NAAQSjigure 44)

Legend

Counties Designated as
Nonattainment Under
2008 8-Hour Ozone Standard

North Central Texas . A
= Council of Governments IMies
o 10 20 30 40 Qctober 2015

Figure44. DallasFort Worth 8Hour Ozone Nonattainment Area.
Source: NCTCOGg¢tober2015.

Theincreased daytime temperatures, reduced cooling at night, and higher air pollution levels
associated with heat islands can also negatively affect human healthjlmaing to respiratory
difficulties, heat stroke, and heaglated mortality. According to a 2011 report from the Union

of Concerned Scientists (UCS), if temperatures continue trending upMareticans could

contend with 2.8 million more occurreas of acute respiratory symptonty 202Q with seniors

and infants especially impacted. The UCS report projected up to 147,140 to 431,000 occurrences
in Texasandhealthcare costsouldpotentially exceedne billion dollars.

Recent research weals that this issue may onlorserd® 5 dzZNAy 3 (GKS aDNB& (2 DNB
/| 22f [ AGAS&aéE O2yFSNBYyOSs: 5N {G2yS NBLEZ2NISR (KL
areasbut they also arewarming more rapidly over time. His researclygestedDallas has the

third most rapidly growing heat island in the United States, as shown iRithee 45
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TOF 20 MOST RAPIDLY GROWING URBAN HEAT ISLANDS IN UNITED STATES: 1961 - 2010

LOUISVILLE 147
PHOENIX L]
DALLAS
ATLANTA
GREENSBORD
DETROIT
INDIANAPOLIS
LAS VEGAS
SYRACUSE
OKLAHOMA CITY
TOLEDD
PORTLAND
RICHMOND 038
WASHINGTOMN DC 5]
BATON ROUGE 0.38
ALEUQUERQUE a9
EL PASD oae
MINNEAPOLIS .28
PHILADELPHIA .37

ST LOUIS 0s

B2 os

LT} ag 1 11 14 1& 18

“ MEAM DECADAL CHANGE (F)

Figure45. Top 20 Most Rapidly Growing Urban Heat Islands in the United States20961
Source: Urban Climate Lab, Georgia Institute of Technoksgyn a presentation at th2014conferencedGrey to Green: Creating Cool Citges.
Note: Dallas had less data than other cities for part of the period, but the trends regbidadl still be accurate at the decadal tiperiod, according to Dr. Stone.




B.1.3 Increased Flooding, Erosion and Sedimentation, and Water Pollution

With development comes an increase of impervious surfaces (for example, parking lots, road surfaces,
and rooftops), soil compaction, and tree and vegetation removal.

The decrease in trees, other vegetation, and surface soil results in reduced intercépéter

temporarily held on leaves and stems), evapotranspiration (the sum of water evaporated from soil and
plant surfaces and water transpired by the plant), and infiltration (water absorbed into the soil). This
producesa corresponding increse in stormwater runoff.

According to afePA fact sheet on urban nguoint source runoff, a typical city block generates over five

times more runoff than a woodland area of the same size. In fact, most stormwater runoff is due to
developmentand the maprity of runoffisnotO2 YAy 3 FTNRY 0 dpulfliddtiogtzhdl @y | ¢IKAS/ Bt |
Wet Weather with Green Infrastructutea dzy’ A OA LJ- £ | | Y R0 3t&tds Yhat DribaB Bafs { (G NB S i
and travel surfaces are estimated to comprise almost-thicds of total impenious cover and

contribute a similar ratio of runoff.

MORE WATER FASTER

DEVELOPED LANDS NATURAL LANDS

Rain pours more quickly off of city Trees, brush, and soil help soak up
and suburban landscapes, which rain and slow runoff in undeveloped
have high levels of impervious cover landscapes

Trees & other vegetation
break the momentum of
347 rain and help reduce

4t s surface erosion

Pavement &
rooftops shed water

Storm drains

deliver water

directly to Water pools

waterways in indentations
and filters into
the soil

Streets act as

streams”,

collecting

stormwater and Roots

channeling it into L ¥ anchor soil,

waterways minimizing

erosion

Pollutants collected on

impervious surfaces are Vegetation helps

washed into streams, rivers, RUNOFF build organic,

and lakes absorbent soil

Figure46. A comparison of water movement on developed lands and natural lands.
{2dzNOSY / FEAF2NYALF 2F0SN) s [FYyR !'aS tI BBIHSNEKALIE &l 2g

Figure46 showsseveral important differences between developed lands and natural lands. In developed
lands, water runs off impervious surfaces, accumulating pollutants. Streets collect and channel
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stormwater into storm drains that convey water directly to local watersvajthout treatment. In
natural lands, trees, brush, and soil help soak up aach slowfilter the runoff.

The hydrograph shown fRigure47 comparesstormwater peak discharges in an urban watershed (red
line) to those in a less developed weghed (yellow line)Large amounts of impervious surfaaee
accompanied by faster rate of discharge and increased volumbich translates into a substantial
increase in stormwater runoff. See the following sections for more informatiothe consequences of
higher runoff volume and velocity

) Post-Urban

/ Pre-
/\ AN
Time :

Figure47. A hydrograph showing prand posturban discharge rates.
{2dzNOSY [/ FETAF2NYALF 2FGSNI g [FYyR 'aS tIF NBIYSNBKALE dal 26

-

Discharge

The potential for flooding isne problemof& Y 2 NB & I .\8hNE thisliredidn3nsy not be as highly
affected by flooding as areas such as Houston, it has experienced its share of fietalied disasters,
as shown in Figur4s.

Presidential
Disaster Declarations _
1964-2007*

* FEMA doto curren! %o Segdeeber 2007

Figure48. Presidential disaster declarations for Texas flood events,-296%.
Source: Texas Floodplain Management Associa2008.

According to a 2008 TFMA floodplain management guide, since 1988 more than 400 people have died

and more than $4 billion in damage has occurred in Texas due tofidakd incidents. In an

Associaté Press report on the May 2015 storms, a Texas Department of Transportation spokesperson
aFrAR GKIFG NRBFRgl&a Ay wmcT 2F GKS adlF0SQa wpn O2dzy
infrastructure damage estimate was at least $27 millittris important to note that the map ifigure

48 showsonly major disasters. Many floods are local, affecting a few watersheds or a small area. Flood
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prone areas have been identified throughout Texas, according to the Texas Floodplain Management
Association (TFMA).

¢KS /AG@ 27F | A3IKTE lthy dngera df lobdBgnatas thatSvbile Fash Hoo@eyents in
North Texas are most common in May and June, the potential for flooding exists throughout the year. It
cites the heavy rains of September 2010, which led to damage so severe that a portighlaht

Village Road needed to be rebuilt; in addition, many homes experienced flooding from drainage system
backups as well as structural damage.

Erosion and Sedimentation

As seen in the previous hydrogragtiqure47?), runoffflow rates increase asatersheds are developed.
Fastflowingwater eatsaway at its channelsore rapidly especially if the vegetation thabrmally
anchors soil together is absent. This accelerates silt loading to water bodies. An example of this
sedimentationis shown irFigure49.

Figure49. An example of the impacts of erosion and sedimentation on a water body.
Source: Texas Aquatic Sciefibexas Parks and Wildlife Departmefmtd.)

(7))

W2 Ky haidRAO1 Qa WdzZ & wnnT | NExasPark atdWidifio@ideswed O] Qa {
excellent realworld example of how development contributes to erosion and sedimentaiidVhite
Rock Lake in Dallas, Texas.

The City of Dallas conattedthe 1,100acre White Rock Lake, now a reatienal hubh as a water
sourceA Y MpmMmd 2 KSYy Ad ¢gla y2 f2y3SN &St dsignaged i2 YSS
White Rock Lakasa city park in 1929 after the construction of Lake Dallas (now Lewisville Lake).

2 KAGS w201 [F1SQa gdquasmik tkasdrilony the 3nilefdnd\h\MiedRoak n n

Creek. It extends from its upper reaches in Frisco through Plano, Richardson, #m®altas, and

SYLIWiASE SAIKG YATSE az2dzik Ayid2 ¢NAyAlGe wAiABSNDRa 9f
has exploded in population in the past few decade® NJ SEI YLIX ST tf | y2Q4& LJ] LJz | (
17,872 andit doubled in size everAf@S &SI NE Ayd2 GKS mpynad CNRAaodz2Qa
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2010, it was 116,989.

The scraping and development wboded areas, farms, and ranchegerthe past three decades
contributed considerably to sediment flowsytnient runoffs, and erosion problems in the creeks that
TSSR UKS fF1S® LG KIFIa 0SSy RNBRISR aSOSNIft (A
NERdzOSR AdGa y2NIK SyRQa RSLIIK G2 ftSaantioKly I
conduct astudyhat S NA FASR GKS f1+15SQa4 KAIK aSRAYSyld fS@St a
f115Qa RA&&2f BSR 2E@3Sy 02 dz ARSI RiNdh band padkagdpaid t6ry A y 3
the last dredging in 199&nd it filled up 200 acres of pits with up to five feet of sediment.

YySa
F220

White Rock Lake imtaloned ' a 2F (GKS I NIAOf SQ& bhidaohple@d abdul vy X 1§ K ¢
17 other projects in the state sie White Rock.

While the City of Dallas has begun armoring the creek banks to curtail erosion problems, a broader look
at what else can be done to prevent future siltation is warranted.

One problem related to stormwater runoff is water pollution. Stormwater has been identified by the
EPA as a leading source of pollution for all waterbody types in the United States. It often contains
pathogens and bacteria, chemicals and heavy metalsaigai®il, and fertilizers and pesticides, which

foul waters and put human and wildlife health at risk. A wide range of pollutants is collected from road
surfacesas seen imable 11

Tablell. Stormwater Pollutants Typical of Roads

Pollutant Source Effects
Trash Physical damage to aquatic animals and
B fish, release of poisonous substances

Sediment/solids Construction, unpaved areas Increased turbidity, increased transport of
soil bound pollutants, negative effects on
aquatic organisms reproduction and
function

Metals

¢ Copper ¢ Vehicle brake pads Toxic to aquatic organisms and can

e Zinc e Vehicle tires. motor oil accumulate in sediments and fish tissues

e Lead ¢ Vehicle emissions and engines

¢ Arsenic ¢ Vehicle emissions, brake linings,

automotive fluids

Organics associated | Vehicle emissions, automotive fluids, | Toxic to aquatic organisms

with petroleum (e.g., | gas stations

PAHs)

Nutrients Vehicle emissions, atmospheric Promotes eutrophication and depleted

deposition dissolved oxygen concentrations

Source: EPAyal yI A3Ay 3 2 S8Si 2SI (KSNI Munididal HEndi®&Greeh Streenil2@08. NHzO (i dzNBS

Asrunoff flows over impervious surfaces such as paved streets and parking lots, it gathers pollutants
that can negatively affect water qualjtyiot onlycreatingwater quality challengebut also increasing
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{ddzRé Ay ¢SElIazé 6KAOK aniTdR\fS Rthregear getiod, $raldhénhich |
cost of water treatment increased by $95 per million gallons from a base od@¥ foregional raw
water contamination.

(et N
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Ch o
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While the dollar amounts have likely changed since 1997, the costs of diministtedqualityt both
financial and related to quality of lifecontinue to be important challenges associated with growth.

B.2 Problems with Depending Solely on Gray Infrastructure

¢CNFRAGAZ2YFE FLIINRBIFOKSa (2 a2 NYg lipgsSduited ldgthe SYSyYy i dz
detention basins, and storm sewers, for example), but managing runoff solely through gray

AYFNI &a0GNUHzOG dzNE Ol y LINBaSyid + @FNASGe 2F OKIFffSy3aS
Economic Benefits of Low Impact Developifien Y R DNB Sy LYy TNI & ONHzOG dzZNB  t NP
challenge ishe highcost ofconstruction, maintenance, and repair

Another issue is that gray infrastructuoaly capturesand conveys stormwater runoff. It fails to
adequately treat for pollutants of concebecauseahe water is not filtered through layers of soil. In
addition, the EPA report warns that changing weather patterns, increasing energy costs, aging water
infrastructure, and new environmental conceml! bring new challengeas will increases in population
and development.

The EPA report recommends the use of low impact development (LIOZ@lad an integrated

approach to stormwater management, highlighting the financial, social, and enviroamsefits that

it can provide to multiple stakeholdersh@ Texas A&M AgriLife report on its stormwater best

management practices (BMPSs) in a typical urban watershed in the faadlli 2 2 NI K F NBI = & |
Watershed Low Impact Development Infragirii dzNBE F2NJ { G 2NX g G§SNJ al yI 3SYSy
need to evaluate stormwater management in this region. The report notes that the Upper Trinity River

that drains the Dallagort Worth Metroplex has been designated as impaired for chlordane,

polychlorinatal biphenyls (PCBs) and bactegrad that total phosphorus, nitrate, chlorophy| and

orthophosphate were considered pollutants of concern.

LY FTRRAGAZ2Y I Fa GKS -93ySTRA yWiSa 20 2&¢ (1KSOAND HS 2 &
( )iGSlcan often supply

more benefits for less cost than gray infrastructure. (The page provides links to several reports for

adzLIIR2 NI S AyOfdzZRAY3I 9/ hb2NYKB A1 035 FECREIVSPHY2YA QA
GKS 9t! Qa &/ | &S Epdhaink Béhélits bf YdwiimpachDg@lopin&nSand Green

LY TN AGNHzOGdzNBE t NPAINIF Yaze yR / SYyidSNJI F2NJ bSAIKoO 2N
LYFNI &G NHzOGdzZNBY | DdzARS G2 wSO23yAlAy3d Lia 902y2Y
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Stormwater managemerdoesnot have to be
exclusively greenorgrdy bSg , 2NJ /
Infrastructure Plan uses a hybrid approach to
NERdzOAYy 3 (GKS OA(e& earmO?2
sewer system overflows. The Pldemonstrates
that this adaptive approach to its combined sewel
overflow mitigation is more costffective than
traditional gray projects alonehile alsopointing
out that GSlprovides multiple cebenefits such as
improved air quality and neighborhood
beautification.

GSimay not always be the only appropriate
solution, but it can provide many benefits that oo
increase community resiliency, such as helping tc S
reduce flooding, redce water pollution, improve
groundwater recharge, and lessen the urban heat
island (UHI) effect.

B2.1 DNBSyY {02NXgI| (SNJ
Integration in Transportation Projects

Figuresop / 2y 32 { G(NBSGQa

Roads, parking lots, and sidewalks offer many .
- f lovi SIG d stormwater infrastructure etments.
opport_unltles or emp (_)ylng's reen streets and g\ .ce: heWORKSHOP.
alleys integrate green infrastructure elements suc
as permeable pavement, bioswales, rain gardens,
planter boxes, and trees into the design to store, infiltrate, and evapotranspire stormviRganeable
pavements can be installed irsalewalk or parking lot, and rain gardens and bioswales can be included
in medians and along the perimeter of a parking lot.

ySé

As urban infrastructure continues to expand and increasingly age, green stormwater approaches like
GANBSyYy aidNBS i that lessaNEh@ldaR Sut o¥f @aeBrhaaagement and road infrastructure
GKNRdzZAK Y2NB ylFddzNFfte AydiSaNIrGSR aeadisSvyaod bSg | 2
9R3IS ' fUSNYIFOAGS tNR2SOG 6{9! { GNFBS RO D NBKSYO H{TINBIS
program are well known for their commitment to green stormwater management strategies, but the

North Central Texas region is also seeingnarease in G3inplementations in transportation projects.

As with many new or unfamiliar methegdthere will likely be hesitancy and challenges to overcome in
GSldoptions. The design of stormwater BMPs should be tailored to local climate and soil conditions

and evaluated over time to ensure proper performance. According to the Texas A&M Agyboife the

North Texas region is a humid subtropical climate with mostly excessively clayey and alkaline soils that
experiences extreme variability in precipitation and temperature, which complicates matters such as

plant selection and infiltration ratesddS (12 GKS &a2Af Qa aKNAYlAy3a FyR agSs
this region are already being fietdsted, Texas A&M AgrilLifis evaluating BMP performance for North

Central Texas conditions and conducting outreach to share its results andekigangained.
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One regional pioneer projestas Congo Stre¢CS4], now recognizetl & 51 f f  a Q& (SBd NR G 3 NX
Figure 50)In 2008, bcWORKSHOP began working with the residar@®ngo Stredb craft an

alternative strategy that focused on rebdithg the homes and street infrastructure. The dnlecklong

streetthat had been inadequately and poorly desigramuildnot handle the stormwater demands

placed on itCongoSreet and several homes had been targeted for demolition sedkvelopment.

TheCongo Streetlesign incorporagd permeable pavemenbiofiltration, and retentionbasins as
strategies b managestormwater(see Figuresl). The maingoalsfor street improvementsvere to

create a safer street, allow more space for pedestrians, resolve persistent issues of flooding, address
poor paving onditions, and eliminate the kot bottleneck at the end of the stree€ongo Street
features stormwatebumpoutsthat function as bioswales and definitions the permeableparallel

parking areas and drive approaches.

~ MOUNTABLE CURS =

SEE PAGE 1006 6" CONCRETE PAVEMENT
(CITY OF DALLAS FILE 251D-1, £ CURS (TYP.)
PAVING DETAILS)
2%
- S —

L.1. RIGHT OF WAY

TR , I
N 25 X
NN TR R 355 STANDARD PROCTOR
DENSITY W|TH 36 LBS,
° PERFORATED HOPE HYORATED LIMEIST. . .
P o ’ STREET HEADER BEYOND Figure51. Plan 'detalls for a permeable
REAR s TR NS e ABTH NG AOGFEGATE pavement section of Congo Street, Dalla
UNDER PAVING Texas
2 SCFR:AEA L EAVEMENT SEQTION Source: Nigel Nixon and Partners, Inc.

TheCongo Streehouses along with the green streletive garnered local and national awards and
sparked new investments in the Jubilee and Dolphin Heights neighborhbopash the standards of
common practice, the project initiated relationships between users, designers, and municipalities that
allow for inceased technical knowledge and skiti usesimilar systems in Dallas and across the
country.

2 AGK LINRP2SOGa tA1S /2y32 {GNBSOH FyR LAf2Ga tA1S
CNF YALRNIFGAZ2Y LyaidAadddzisSQan Texa@udySopking & the T2 NI { {2
application of bioretention in hot, senarid areas), transportation and development professionals can

learn which GSdpproaches and techniques are the most appropriate,-efigtctive, and beneficial for

the region.
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APPENDDC COST/BENEFIT ANAILSY'SI

This guide provides examples of st transportationrelated green practicesased on both case

studies througlout the United States andesearch from literature reviewst also examines the

practicesCbenefits and, when possible, the costs of comparable gray infrastructure. It does not

incomorate compliance incentives, credigdgNJ 2 G KSNJ G E 0SSy STAGAT odzi (K2 a&!
bottom line.

According to a survey by the American Society of Leaqis Architects (ASLA) that compared the
performance of greestormwater infrastructure (GSI), also knowngaeen infrastructureand gray
infrastructure approaches, green practices can potentially reduce the following costs:

Land acquisition

Built capital (equipment, installation)

Operation

Repair and maintenance

External (offsite, imposed on others)

Infrastructure replacement (potential for longer life of investment)

=A =4 =4 =4 -8 =9

L{[!' Q&8 FAYRAy3Ia | faz LIRAYIilSRGAshénealyirioré cofitdtS RSaA Iy
specificthangraya 2 ¢ KAf S INBSY O2yiGNRf& Ydzad 0S RSaAaAIYSR |
soil, terrain, and hydrologic conditiorthey also provides flexibility in addressing local conce@fsl

also allows fotow impact design, which could result in a reduction in materials needed for roads, curbs,

and guttersas well as a reduction in the size and cost of floodtrol structures.

C1l Challenges in Cost Analysis

Examples oG Sthat cost less than grainfrastructurecan be found in many reports, such as a 2013

economic analysis by the EPA, a 2010 report by the Center for Neighborhood Technology, and the

' YAOBSNBAGE 2-Box hodluelod Igwinpaict 8evelopriedt2However, several of these

researclers also point out the lack of a consistent and accessible methodology to compare green with
grayinfrastructure and note that further research was needed. While the valuatioB8® & Y2y Si I NB
benefits has advanced substantially in recent years, thd i&estill evolving.

Many projects that incorporate a green element did not evaluate the cost of its traditional counterparts,
and a comparison of costs from one green project versus another traditional project may not be possible
due to a number of facts. Another problem lies with the uncertainties related to costs of certain green
practices, especially with newer technology or unknown maintenance costs.

Additionally, some projects might compare costs of green to gray elements using only initial
constmuction costs, which is the simplegtt incompletetype of comparisonAnother comparison might
add planning, design, installation, operation, maintenance, and decommissicostgfor a lifecycle

cost analysis. Howevehat analysisstill excludes economic, environmental, and social benefits as well
as differences in effectiveness.
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The most comprehensive comparisona cost/benefit analysis or tripkottom line analysis require
the most resources to producenany project éher do not have or lack an incentive to use resources for
this purpose In addition, those comprehensive comparisons still have several complicali@hs.

Issues in analysis include:

1 An absence of a uniform baseline with which to compare the costs and benefits of green
practices against those of conventional practices

1 Analyses that differ depending on resources, goals, and availability of data

1 The sitespedfic nature of green infrastructure and the influence of local and regional variables

1 Uncertainties related to benefits of certain green practices, given their organic nature (for
example, as an urban grove of trees matures, it may improve at cooling ti@amrban heat
island effect, or certain trees may not thrive and need to be replaced)

9 Difficulties in monetizing environmental and social goods and services

Additional issues related to analyzing specific green practices include:

1 The scarcity gprojects that consider actual practid®/-practice costs separately (material and
labor costs being typically calculated for an entire site rather than for each element)
1 The potential for double counting benefit®causenany benefits are interconnecte

However, despite these uncertainties, research done by the EPA in 2007 found that costschbaei
green practices were both fiscally and environmentally beneficial to developers, property owners, and
communities.

One regional example of a projetiat incorporated several green elements cost effectively is the Green
at College Park (University of Texdglington)[CSL], a 3acre urban infill development completed in
2011. The case study provided the total project cost of approximately $2igmmillith its green

elements accounting for only about 16% of the total cost. Prior to the construction, this site was
neglected, consisting of 75% impervious surfaces (parking and dilapidated apartments), with an eroded
drainage channalssociate with considerable flooding issues in the area flanking one edge. The firm
charged with revitalizing the argeerceivedthe stormwater management constraints as key
opportunities, creating a final design that celebrates the gathwater andthe plant life that thrives in

its drought and flood dynamics. The site, now an inviting gateway betweecitthendthe campus,
includes an outdoor classroom with layers of seating, a pedestrian promenadeglbigto pavement,
animated LED lightingecycled glass pervious paving, rain gardens and planters, and a spacious oval
lawn for events.

Green practices may not always have the lowest capital investment. Exact cost savings will be affected
by many sitespecific variables, including topographwgil $ype, rainfall distribution, and local materials
costs.However, a green practices become more common and as technologies and understanding of
best practices improve, the costs of design and construction are likely to decrease. The costs of
maintenance for green practices may also be less than traditional practices, or they may be initially high
but decrease over time (for example, a tree may need to be irrigated for its first two years but only need
annual pruning after that initial period).
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Cost/Benefit Resources
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APPENDIB:NCTCOG COST MATRIX

Table12. Cost Matrix; Costs from Case Study Estimates and Other Sources

Case Stu iti
o bel"j! Project Location Unit Grenn Feature Coath Trad "E":tf‘?d ure Project Year

Light s without Poles.

LED Streetlight {(200W Equiv.}{ Top Onhy 10 Onoor LED Sieetlight Pilot and Technical Evaluation Program  Dallas -Fort Worth, T Each S525 - 3850 2010
LED Residential (57, 78 and 88 Watt LED) (Top Onhj 0 Onoor LED Streetlight Filot and Technical Evalustion Program Colleyille, T Each 3624 2011
Solar Powered LED Flush Mounted Guide Lights (including Epoxd .. LED-Merk Light D emons tation Project Poriand, OR Each $127- 3155 2013
LED Street Light Fixdure (81 Lms W) 23 Elmer Paseo Stormwater Improvement Project Los Angeles, CA Each 5245 2012
Solar- Powered Flas hing Beaoon 21 Uptown Mormal Street and Stees mpe Project Mormal, IL Each 35,700 2010
Photovoltaic Panels 2 GW Sclar Walk Ashburn, W SF 5125 2012
LED Streedlight 50 W {70 - 200W Equiv.} { Entire Fixdure) M NCTCOG Quate Each 5454 2015
LED Streedight 78 W {200 - 400W Eguiv) (Entire F bdure) Mias NCTCOG Quote Each 3454 2015
LED Streetlight 105 W {220 - 400W Equiv;) (Entire Fodure) N NCTCOG Quote Each S520 2015
LED Streeflight 125 W {350 - 400W Eguiv,) (Entire Fidure) N NCTCOG Quote Each 3540 2015
LED Streedlight 150 W (350 - 400W Equiv) (Entire Fidure) M NCTCOG Quate Each 3540 2015
Acorn Style LED Streetlight (72 Watt) (Globe, Light, Driver) Mias NCTCOG Quote Each 840 2015
Solar Street Light (40 Watt LED Light Fixture, Batiery, Sclar Panel, Charge Contoller) M NCTCOG Quote Each 33.4490 2015
Solar Street Light (50 Watt LED Light Fixure, Batiery, Sclar Panel, Charge Controller) N NCTCOG Quote Each 32,450 2015
Solar Street Light (60 Watt LED Light Fixure, Batiery, Solar Panel, Charge Controller) M NCTCOG Quote Each 33,485 2015
Solar Street Light (70 Watt LED Light Fixture, Batiery, Solar Panel, Charge Contoller) Miar NCTCOG Quote Each 33,580 2015
Solar Street Light (80 Watt LED Light Fixture, Batiery, Sclar Panel, Charge Contoller) M NCTCOG Quote Each 35,6840 2015
Solar Street Light (20 Watt LED Light Fixure, Batiery, Sclar Panel, Charge Controller) N NCTCOG Quote Each 35,750 2015
Solar Street Light (100 Watt LED LightFedure, . Solar Panel, CI & Control ler) M NCTCOG Quote Each 35,800 2015
Lights with Poles.

Light Pole with LED Luminaire and Sclar Panel Fidures M Hlyde Warmen Park Dallas, TX Each 317,000 2012
Solar LED SkeetLight{with 20" pole) M Selar llluminaticns Webs ite NCTCOG Quote Each 31,600 2014
Solar LED StreetLight({24 ft Carmansh Ever GEN 1520, include maintenance) M Lock heed Martin Facility Rosdw ays Crlando, FL Each 59771 2009

@ Light Pole with Cylindrical Sclar P\& and LED Luminaire 35 Penn Street Trail Philadelphia, PA Each 513,500 2013

= LED Fole Lights 18 St. Stephen’s Pedes rian Green Aus tin, TH Each 51,500 2012

T LED. Solar Powered Lights {includes light, pole, battery, s olar panel, hardware) 24 ‘Obern Trail Lighting Retrofit Projed Santa Barbara County, TA Each S3.880 2013

- Light 5 without Poles.

- 250 MW energy-efficient'dark s ky compliant lamps mounted on utility poles pr.: } Chicago Green AleyFrogram Chicago, IL Each 2600 2010
Metal Halide Luminaire, Pendant Mount, 250 Watt k= Uptown Mormal Street and Steet mpe Project Normal, IL Each SE00 2010
Metal Halide Luminaire, Pendant Mount, 175 Watt 2 Uptown Mormal Street and Stees mpe Project Mormal, IL Each 5905 2010
100 Watt Fodure: N Cityof Alington, TX Arlington, TX Each 5105 2010
150 Watt Fodure: M Cityof Arlington, TX Arlington, T Each s180 2010
Pedes rian Light Fixdure 8 Elm Sirest Strests cape Improvements Dallas, T Each 55,300 2014
Flashing Beamn N UNC Highway Safety Res earch Center {Average Cos ) Various Each $10.010 2013
Flashing Beacn RRFB N UNC Highway Safety Res earch Center (Average Cos f) “arious Each 522,250 2013
Fedes rian Hybrid Beacon M UMC Highway Safety Res earch Center | Average Cos f) Various Each 557,880 2013
In-pavement lighting hias UNC Highway Safety Res earch Center {Average Cos f) Marious Each System 517.620 2013
Light s with Poles.

A Powered Streetlights {includes new wiring, eleckiciy cos s, maintenance) N Lockheed Martin Facility Roadw.ays ‘Orlandao, FL Each 516,086 2008
25 Decorstive Light Pole 3 Uptown Mormal Street and Steet ape Project Normal, IL Each 54,035 2010
Steetlight Mias UNC Highway Safety Res earch Center [Average Cos ) Various Each 54,820 2013
Decorstive Street Lighting (includes bas e, poles , light fitures ) N Cityof Alingten, TX Arlington, TX Each S7,000 2010
Decorative Street Lighting {includes bas e, poles N Cityof Dallas, TX Dallss, TX Each 52253 2010
Decorstive Street Lighting (includes bes e, poles M Cityof Dallas, Tx Dallss, T Each 58,855 2010
Decorative Street Lighting (includes base, poles M Cityof Dallas, TX Dallss, T Each S8,710 2010
Decorative Street Lighting {includes bas e, poles N Cityof Frisco, TX Fris oo, TH Each 56,826 2010
Decorstive Street Lighting (includes bas e, poles N Cityof Grapevine, TX Grapevine, TX Each 52,558 2007
Decorstive Street Lighting (includes bes e, poles M Cityof Alington, TX Arlington, T Each 54,850 2010
Decorstive Street Lighting (includes base, poles, M Cityof Duncanwille, TX Duncamille, TX Each 534 2009
Pole Sirest (Z7) Local Skeet M Cityof Arlington, TX Arlington, TX Each 51,200 2010
Pole Seel{33) Local Sreet M Cityof Arlington, TX Arlington, TX Each 51,800 2010
40 Galvanized Stee| Light Post Ell Uptown Normal Street and Steet mpe Project MNormal, IL Each 55,050 2010

destoos & include construction oms & onlyand do not account for maintenance. Seme s & provided do account for either the product or the preduct and ins tallstion cost Becaus e mostease s tudies did not identify thes & component s eparately, the costes imates provided here sssume the cons ruction cos t (produc
and installaticn).

M/A" - Res owrces s ed o compile cos & estimates and comparisons but notincluded &5 case studies.

*San Antonic River Basin Low Impact D evelopment Technical Guidance Manual

**San Antonio River Authority
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Case Stu _ . . Traditional Feature N
Numh:’ Project Location Unit o Foature Costh ot Project Year

Decompaos ed Granite Trail {10 ft width) 3 Red Osk Creek Trail Cedar Hill, TX LF $12.50 2014

5 ft Decompos ed Granite 2z Blue Hole Regicnal Park Wimberley, TX LF 81741 2032

4 ft Decompos ed Granite 2z Blue Hole Regional Parik Wimberley, T LF 316 46 2012

& ft Decympos ed Granite (stone edges - both sides ) 2z Blue Hole Regional Park Wimberley, TX LF 538.02 2012
[4-Inch-Thick D:ecompos ed Granite Trail 2 Trinity River Audubon Center Dallas , TX LF 332.00 2008
Recycled Crus hed Conoete (from City Landfill) 14 Mountain Creek Lake Park Trail Grand Prairie, TX TOM $1,866.00 2013
Filterpave Recyded Glass {assuming 4 & wide) 1 The Green at College Park Aelington, TH LF SE7.04 2011
142-Inch Rubberized Surface on Conoete Base 7 Katy Trail Dallas, TX LF $36.60 2007
TerreWiak R ubberized Pavers 25 Santa Monica R ubberized Sidew alk Program Santa Monica, CA Each 818 50 2009
Flexi-Pave { fom Recyded Tires ) (6 wide) 28 Diora Kelley Park Trail Re-Surfacing Froject Alexandria, W LF $96.00 2012
Mative Soil {ass uming 4 ft- & ft wide) A= Malet Crown Trail Austin TX LF 31000 - 31200 2010

2 (Wiood Fiber (ass uming S ft- 8 ft wide) A Mclet Crown Trail Austin TX LF 31200 - 315.00 2010
= Soil Cement {ass uming & ft-10 ft wide) M= Malet Crown Trail Austin TH LF $15.00 - 520.00 2010
E Granular Stone {ass uming 10 ft. wide) L ‘Miclet Crown Trail Austin TH LF 2000 - 340.00 2010
I& TREX Dedking Boardwak Trail 9 Trinity River Audubon Center Dallas , T LF 384.00 2008
k=3 TREX Decking Composite Board A= Home Depot Webs ite Cost N/A LF 292 2015
= (Wiood Boardwalk (ass uming 10 ft. wide) A= Malet Crown Trail Austin TX LF 35280.00 - 328000 2010
= Boardwalk {As5 ume 8 ft wide] MiA~ UNC Highway Safety Res earch Center (Average Cos g Varicus LF 542000 2013
= Pericus Concrete Sidewalk (including underdrain and s eparstion fabric) (8 & wide) 28 Henderson Blvd. Sidewalk Olympia, WA LF S72.00 - $20.00 2012
Mutti-Use Trail Unpaved {assuming 8 & wide) (T UINC Highway Safety Res earch Center {Average Cos g \arious LF 52298 2013
NulttFUse Trail Paved (sssuming & ft. wide) AT UNC Highway Safety Res earch Center (Aerage Cost) \arious LF 8800 2013
2sphalt Sidewalk A" UNGC Highway Safety Rees earch Genter (Average Gos ) Various LF 53500 2013

Mulch {assuming 4 -5 . wide) A T Department of Trans portation State LF $1.32-31.88 2014

[ Cong ete Sidewalk (5 ft wide, 4-inch depth) M= T Department of Trans portation State LF $18.00 2014
4-Inch Reinforced Cono ete Sidewalks (4.5 ft.wide) 7 Merritt Road Row lett, T LF $1602 20$12
5-Inch Reinforced Cona ete Sidewalk (ass uming 4.5 ft wide) 7 Merritt Road Rowlett, T LF 31697 2013

Cona ete Sidewslk (5 ft wide. 8-inch depth) AT TX Department of Trans portation State LF 8729 2014
Conogete Sidewslk (ass uming 4 ft wide) 2 South Main Reconstrudion Parking Lot Camoliton, TX LF 2000 2011
(Cong ete Sidewalk A~ UNC Highway Safety Res earch Center {Average Cos 1§ Various LF $32.00 2012
|Cong ete Sidewalk and Curk M= UNC Highway Safety Res earch Center {Average Cos ) \aricus LE $150.00 2012

= @ [Systeminstslled (sllbutbase cowrs e.finsl paving. and tree) M= Fort Worth Sundance Square Flaza Faort Worth, TX GF 514 -518.00 2013
; o |SwtemInstalied 16 Diowntow n Row lett Streets cape Rowlett, T CF $23.00 2014
@O |siacels {2 Stadeed) il Upiown Mormal Street and Steek cape Project Mormal, IL Each $1680.00 2010
Pameable Pavers 20 Ravinia Fes tival Scuth Parking Lot Highland Park, IL SF 3530 2010
Permeable Pavers With Bedding Cowse and Filer Stone -] Elm Street Streets cape Improvements Dallas, TX SF S587 2015
Parmeable Pavers 4 Congo Street Initiatve Dallas, TX EA sS850 2032
Penicus Pavers 41 Triangle Parking Lot Stone Mountain, GA SF s8285 2008
FPearvicus Pavers 18 St. Stephen’s Pedes rian Gresn Austing TX SF $12.22 2032
Fermesble Favers 29 Chicago Green AlleyFrogram Chicago, IL SF $18.00 2010
Parmeable Clay Pavers = GW Solar Walk Ashburn, VA SF 318.00 2032
Permeable Pavers (Construdion Cost Onby M= Center for Neighborhood Technology Various SF $5.20-812.00 arious
Permeable Interlodking Conoete Pavement (PICP) Material Onlby M= SARB Technical Guidance Manual® SARA™ SF 5200 20$12
EoGrid Concrete Pavers a7 GW Square B0 ‘Washingion, D.C. SF 515.00 2010
Flastic Grid Pavers (Material Onby) A= SARB Technical Guidance Manual™ SARAT SF 3250 2013

Gras stone Permeable Pavers = South Main Reconstrudion Parking Lot Camolliton, TX EA $48.70 2011

Grid Permeable Pavement 2 Trinity River Audubon Center Dallas, TX SF 8125 2008
Permeable Pavement M= Chicago Green Alley Handbock Chicage, IL SF 2- 81500 2010

g FParmesble Faving =T GW Square 20 Was hington, D.C. SF $23.00 2010
=] Pernvicus Asphalt (Material Onhyd A= SARB Technical Guidance Manual™ SARA™ SF S2.00 2013
E Gresspave? Porous Pavement 37 GW Square 80 ‘Washington, D.C. SF S5.00 2010
o Cravelpave Forous Pavement =T W Square 50 ‘Was hington, D.C. SF $10.00 2010
= Paorous A phakt {Cons Fuciion Cos t Only) MiA~ Center for Meighborhood Technology Various SF SE50-58.12 Various
E Porous Conorete (Construction Cos t Onby M= Center for Meighborhood Technology Various SF $5.50-81160 Warious
w Penicus Concrete 2= Henders on Blvd. Sidewalk Olympia, WA SF 7 -52.00 2012
: Penicus Concrete [ Meterial Only) L SARB Technical Guidanos Manual® SARA SF 58,00 2013
o Parmeable Gravel {Cons fruction Cos t Only) M= Center for Meighborhood Technology Various SF $172-3800 Warious
High-Albedo Portland Cement Conarete Pavement (87 2 Chicago Green Alley Frogram Chicago. IL. SF S720 2010
Granite Accent Paving =T W Square 50 ‘Was hington, D.C. SF 38500 2010
Granite Cobble Paving =T W Square 80 ‘Washington, D.C. SF S75.00 2010

| Conag ete Paving (Pedes fian and Vehicular) =T GW Square 20 ‘Washington, D.C. SF s2-312 2010
[Conag ete Pedestrian Paving 20 GW Solar Walk Ashburn, VA SF $5.00 2012
4™ R ei nforced Conorete Pavement [ Testured'Colored) 7 Merritt Road Rowlett, T SF %1000 2013

8™ Reinforced Conorete Drivewsys {Induding 17s and cus hion) 7 Mesritt Road Rowlett, T SF 3377 2013
Bomanite Imprinted Conarete {Atemate to Pavers) e Elm Street Streets cape Improvements Dallas, TX SF $11.10 2014
Interlocking Pavers {with s and and bedding) e Elm Strest Strest cape Improvements Dallas, TX SF 5418 2014
Pavers Vehicular Cros swalk - Lupged a8 Elm Street Streets cape Improvements Dallas, TX SF 3388 2014
Sidewalk Pavers Mia~ UNC Highway Safety Res earch Center {Average Cos g Various LF $20.00 2013

Clay Pavers 39 GW Solar Walk Ashburn, VA SF $16.00 2012

Brick Sidewak A" UNGC Highway Safety Rees earch Genter (Average Gos ) Various LF 560 .00 2013

Sione Paving 22 Blue Hole Regional Park Wimberkey, TX SF 31124 20$12

“os t oos B include construction oos 5 only and do not account for maintenance. Some st provided do account for either the product o the product and ins tallation cost Becaus & mostcase s tudies did not identify thes e components s eparately, the cos t estimates provided here as sume the cons fudtion cos t (produd
and installation).

MA” - Res owces used to compile cos 5 estimates and comparisons but not included a5 case s fudies.

~San Antonic River Basin Low Impact Development Technical Guidance Menual

~*San Antonic River Authority
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Case Study

Traditional Feature

Number Project Location Unit Green Feature Cost® Costh Project Year
Bicswales with Sawtooth Curbs 1 Rayzor Ranch Denton, TX SF 8,00 24
Parking Lot Bioswales k-] Percthus eum of Mature and Science Dsllas, TX SF $12.00 2mz
w Red Csk Creek Trail 3 Red Csk Creek Trail Cedar Hill, TX SF 3480 2014
a Bicswales (Parking Lot and R oads ide Cons ruction Cost Only) M= Center for Neighborhood Technology “arious SF 35.50 - 524 \arious
; Bioswales and Vegetated Swales A Chicago Green Alley Handbook Chicago, IL LF 58-520.00 2010
g Bump Out Bioswales 4 ‘Congo Street Initiative: Dsllas, TX Auerage $5,749.00 2mz
o Stormwater Curb Bdens ions and Fillema Stormwater Bioretention Filiration perl SE Clay Green Street: Water io 10th Aenues Portiand, OR Auerage 316,113 2013
Typical 205 Right-of-Way Bios wale {Includes Des ign, Construction, Menagement) 2 Ares-wide Right of-Way Bioswale New “ork City, NY Auerage $25,000 2013
Bioretention.Enhanced Swale (Includes Materisk and Median Flantings) v Mesmitt Road Rowlett, T Auerage 5541328 2013
Bicswale 42 Hinds CommunityC ollege Mullipurpos & Center Pearl, NS Aversge $1,298,356 2009
Rain Garden NuA™ Chicago Green AlleyHandbook Chicago. IL SF 33-3800 2010
Rain Garden Cons ruciion Es imate A Stormwater Menagement Rain Gardens , Agrilife Bdension NA SF 5,00 2012
Rain Garden (Cons ruction Cos tOnly) NuA™ Center for Neighborhood Technology Various SF 35.15-31805 \arious
o Rain Garden with Flant , Mulch/Sail, Ter ace Walls 18 5t. Stephen’s Pedes rian Green Austin TH SF 540.00 2012
E Rain Garden (includes labor, equipment, materiak ) 19 Bioretention for Stormwater Quality Improvement in Texas Bryan, TH SF 313.40 202
E Rain Garden Infastrudwe (withcutplants ) 2 Baghy Street R econs ruction Houston, TX SF 530.00 2013
g Rain Garden ] GW Solar Walk Ashburn, VA SF 322.00 2012
= Rain Garden/Underground Sione Podket Storage Area 36 Fenn Street Trail Philadelphia, PA SF 57808 2013
= Rain Garden v GW Square 80 Washingion, D.C. SF 5120.00 2010
= Rain Garden {Includes Bicfittration Sys tem and Lands cape Planting) 2 Birnamwood Drive Houston, TX SF 39053 2012
Rain Garden & Dallas Urban Res ene Dsllas, TX LF 5188.00 2009
Rain Garden Bioretertion Trench 13 His toricHandley Urban Village Streetscape Project Fort Worth, TX LF S371.00 2014
Rain Garden (Includes Lands cape Meintenance) [i] Elm: Street Streets cape Improvements Dallas, T Average 514543 2015
w OTHER TRADITI ONAL INFRASTRUC TURE THAT COULD BE CONSIDERED FOR INTEGRATING GREEN INFRASTRUCTURE FRACTICES
|§_ Median NuA™ UNC Highway Safety Res earch Center {Average Cos f) Various SF 37 2013
g ks land {Median |sland} M UNC Highway Safety Res earch Center (Awerage Cosf) Various SF 210 2013
[
= o (Curb Exdens ion'ChocenBul b-Out A UNC Highway Safety Res earch Center {Aerage Cos f) Various Each 313,000 2013
T E (Chicanes M UNC Highway Safety Res earch Center (Awerage Cosf) Various Eadh 59,960 2013
6= RoundsboutTraffic Cirde M UNC Highway Safety Res earch Center (Aerage Cosf) Various Eadh 585,370 2013

“Most st include construction oos & onlyand do not account for maintenance. Some ms & provided do account for either the product or the product and ins iallation cost Becaus & mos toase studies did not identify thes & component s eparately, the costestimates provided here assume the cons fuction cost (produd

and installaticn).

M/A" - Res owrces s ed o compile cos & estimates and comparisons but notincluded a5 case s udies.

*San Antonio River Basin Low Impact Development Technical Guidance Manual
=*San Antonic River Author ity
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D.1  Construction Cost Estimate Details for Permeable Pavement

Tablel3. Costsstimate Details forPermeablePavemens.

Excavation $1.10$2.25/ft?

Hydraulic restriction layer 30-mil liner: $0.35/f¢
Concrete barrier: $12/ft

Permeable pavement materials Porous asphalt $2/# porous concrete $6/f pervious
interlocking concrete pavers $3#ftplastic gridoavers
$2.50/ft?

Bedding layer Washed sand ¢ihch layer): $0.20/£

No. 8 aggregate (min. 2 inches thick): $0.22/ft
No. 57 stone (min. 6 inches to 1 foot): $0BR67/ft?
SourceSan Antonio River Basin Low Impact Development Technical Designd@itinual Appendix G2013.

D.2 Maintenance Cost Estimates for Permeable Pavements

Tablel4,] LR NIA2Yy 2F GKS dGlo0fS F2dzyR Ay ! LIWSYRAE DI &
San Antonio River Basin Low Impact Development Teckhi@dnce Manualprovides a base point for

Oz2ata YR AffdzalGNIGSa GKS AYLRNIFIYOS 2F AyOf dzRAY3
Maintenance costs were based on the Water Environment Federation research, with labor and

equipment operating costs celtted from the Texas Department of Transportation (TxDOT) and
municipalities For an example of operation and maintenance tasks for permeable pavement, see

AppendixF.

Tablel4. Maintenance Cost Estimates for Permeable Pavements

Permeable Pavement

Routine Maintenance (required monthly to every 2 years)

Small $5.32/ft?
Medium $1.33/ft?
Large $0.67/ft?
Intermediate Maintenance (required every 6 to 10 years)
Small $3.71/ft?
Medium $1.85/ft?
Large $1.85/ft?
Replacement (service life of 20 years)
Small $6.50$9.50/t?
Medium $6.50$9.50/ft?
Large $6.50$9.50/ft?

Small system = 500*ftmedium system = 2,000*flarge system = 4,00(%ft
SourceSan Antonio River Basin Low Impact Development Technical Design Guidance Mzaraeraljx G2013.

i i 104

Morth Cenirel Tenss
Comncil of Govarramants




D.3 Construction Cost Estimate Details for Bioretention Practices

Tablel5 providesdetails associated with the cost estimatgisen in theSan Antonio River Basin Low
Impact Development Technical Design Guidance Manual

Tablel5. Cost estimateletails for bioretention, bioswale, planter box, vegetated swale, and vegetated

filter strip.
Components/ Bioretention and Planter Box Vegetated Vegetated
Activities Bioswale Swale Filter Strip
Excavation $2.75%$5.00/ft? without | $3.90$6.15/ft? $0.80/ft?
underdrains, $3.90
6.15/ft? with
underdrains
Fine grading $0.25/ft?
Soil media Recommended mix: Recommended mix:
$2.40$4.75/ft% with $2.40%4.75/ft%; with
engineered media: engineered media:
$3.40$6.80/ft? $3.40$6.80/ft?
Soil media Geotextile: $0.45/ft Geotextile: $0.45/ft
barrier Washed sand ¢ihch Washed sand ¢ihch
layer): $0.20/ft layer): $0.20/f¢

No. 8 aggregate (min. 2 No. 8 aggregate (min.
inches thick): $0.28/f | 2 inches thick):

$0.28/ft?
Underdrain pipe | $3.60/ft? $3.60/ft?
(including
drainage stone,
assumes 5t.
spacing)
Curb and gutter | $18/ft. $18/it.
Mulch (native $0.24$0.39/ft? $0.24$0.39/ft?
hardwood)
Hydraulic Filter fabric: $0.45/ft 30-mil liner: $0.35/f¢
restriction layer | Clay: $0.65/f Concrete barrier:
30-mil liner: $0.35/f¢ $12/ft2
Concrete barrier:
$12/ft2
Vegetation $0.20$3.50/t? $0.20$3.50/t? Sod (buffalo): | Sod (buffalo):
$0.67/t? $0.67/t?
Seeding: Seeding:

$0.150.22/ft> | $0.150.22/t?
SourceSan Antonio River Basin Low Impact Development Technical Design Guidance Afpperalix G2013.
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