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SHARED RESOURCES

WATER IN SOUTHEAST TENNESSEE

| eonard

o da ¥inci
Water is a shared resource that shapes Southeast Tennessee’s physical, economic and cultural landscapes.
The cycles, systems and networks of water resources have fashioned the region's iconic physiography. The
Oecoas, Hiwassas, Sequatchia, and Tannaseea Rivars and their tributaries carve sublime porpes, pastoral
valleys, and rambling hollers from the Elue Fidge and Cumberland Platesu, creating fertile floodplains
suitable for agronomic production and human settlement. These waters ane home to unique and valuable
ecosystems and a diversity of aquatic wildlife that is unrivaled in other Morth American river systems.?

Watar has been harmessad to fual a burgaaning aconnmy with claan renewable energy. Its raliability and
abundance sustaing growing industries and populations. The region's water resowces enable local residents
and vigiting tourists pursue active lifestyles, enhancing the quality of life offered by Southeast Tennessee
and in turn its economic competitivanass.

The social, economic, and environmental benefits of these waters ane shared by all. The water caried
in Southaast Tennessee's rivers, straams and reservairs originates fram haadwater landscapas, springs
and aguifers both inside and outside of the region’s geography. Water quality is influenced by upstream
communities and land uses, whils downstream communities inherit the water guality consequences of the
rapion's land use and infrastructura choicas,

Water is arguably the most fundamental and emblematic resource of the region, and yet its health is
thraatanad by the same populations, places and patterns that will rely upon ite quality and ahundance
into the future. Though the region celebrates many water resource stewardship success stories, pervasive
water quality challenges are symptoms of existing policies, land use and development practices, and
wide-spread water managament infrastructure approaches that are persistent throughout the ragion's
watersheds. These challenges will be exacerbated by imminent changes anticipated in climate pattems;
projected population growth and economic development®, and the resultant changes to the region's physical
landecape and hydrlogic fontprin.






SHARED VISION

ABOUT THIS PUBLICATION

HydralIT: & Watar Quality Playbook for Southeast Tennessaa s the product of a partnership hatwaan
the Southesst Tennessee Development District (SETD), The University of Tennessee, Knoxville Smart
Communities nitiative (SCE), the UT Scheol of Lendscape Architocture, and the UT Environmental Design
Lah

SCl s & program of the Office of the University Provest and Office of Service Leaming designed to match
the nesds of Tennesses communities with the capacity of the univarsity, its faculty and studants, through
cammunity-angaped coursawnrk. In tha Fall of 2015, a UT School of Landscape Architecturs Dasipn Studia
under the direction of Assistant Professor Brad Collett collaborated with the SETD, $CI's 2015-201E partner
community, o study existing conditions and future threats to the region's water resources and to develop
propasals for watar quality improvement.

The findings and proposals of that studio have been shared with and reviewed critically by SETD staff and
witer resource experts within the region. Their observations and feedback are synthesized, formatted and
presented by UT School of Landscape Architecture Faculty and Research Assistants as HydroLIT: A Water
Quality Playhoak far Southaast Tennasses,

This playbook catalogues the studio’s research and water quality improvement strategies, aimed at
addressing what it identified as the repion’s most gipnificant and wide-spraad water quality thraats.
HydroLIT complements existing water resource stewardship publications, including The Southeast
Tennessee Green Infrastructure Handbook for Local Governments.? Building on this resource’s discussion of
cammunity development principles, straat dasipn and site scale desipn tachniquas, HydrallT expands the
region's conversation around water quality improvement to also include practical and innovative strategies
for enhanced regional systems, stakeholder collaboration and education, and integrated planning and design.

HydroLIT is designed to stimulate interest in and discussion around water quality improvement strategies
and the proactive visions they help achieve. The playbook aimg to raise awareness of these issues among
tha residants and stakeholders whose participation is crucial to any impravement in the candition of the
region's water resources. It slso calls attention to potential pitfalls, suggest initial actions, and identify
precedents and supplementany resources where additional lessons may be learmed.

HydroLIT is not intended to be a comprehensive authority on how to implement the suggested strategies,
nor does it represent an all-inclusive list of ol strategies and implementation SeqQUENCEes nEcessary 1o
address the totality of the region's complex watar quality challengas and future threats. But by working
across all boundaries to implement the strategies suggested in this pleybook, Southeast Tennessee can
make progress towards improved water quality.






SHARED RESPONSIBILITY

FOR WHOM THIS PUBLICATION IS WRITTEN

Before water iz in 8 sparkling glass on a café table; it is runoff from a forest, front yard, parking lot or
agricultural field. Before it reflects the setting sun on ong of the region’s rivers or regervoirs, it is discharged
as awaete product of industrial processas at powar plants, factarias, and waste/stormwater Manapement
infrastructures. Before it surges forth from @ mountain spring or dances downslope as a stream, it
precipitates and touches every tree, mad and rooftop in the region, mobilizing any debris o trace element s
that collect on their surface.

Bacausa water is avarywhears, svaryona shares a rale in its stewardship, As such, this publication is writtan
for & range of stakeholders whose actions, territories, and obligations influence regional water resources,
who assert their right to the use of the region's water resources, and who therefore bear responsibility to
steward its health, This publication's intendad audience includes policy makers, anforcament apancies,
developers and builders, community organizations, business owners, and individual residents.






SHARED OPPORTUNITY

WHAT CAN BE ACCOMPLISHED

Southesst Tennesses's legacy of overcoming its past chellenges hes been made possible through regional
gollabaration, & ‘can do’ spirit, and @ commitment to achiove shared visions Tor guality communities, resilient
acanomigs, and abundant, haalthy natural resourcas. Tha prand challanpes that face Southeast Tennessaa in the
next century include incressing demand for water (coupled with likely decreasing water quality), the lingering
challenges embedded throughout the lendscape by prior economies and obsolete modes of production, and the
complex nature of anticipatad water quality threats. Tha region again has the oppartunity to agsert its leadership
inwatar regource stawardship through innovative approaches, contemporary technologies, and a spint of regional
accountability and collaboration.

Seizing this oppartunity is the purpnse of this publication and the idaas shared harain. Whan ambraced by regional
leaders and community members, HydrolIT is @ powerful tool thet can

Infarm the importance of water rasourcas

Recalibrate the lens through which water resources ang understood and valued

Establish eonnections betwean water rasource haalth and ragional conditinne and systems
Enable new cultures of advocacy and stewardship

Build cepacity for enhanced management

Ermpewar communities and individuals

Call to mind future water resource threats

Ingpire hydro-centric decision making and proactive planning epproaches

+ 4+ 4+ F A+
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THE SETD REGION

A Study Area Defined Politically

The aroa that compnses the Southesst Tennessee Development District is ong of the fastest growing regions in the southeastem United
States; Low cost of living, rafiahle and inexpansive water and anargy rasources, mild climate and a high quality of life makes Sauthaast
Tennessee a popular destination for new businesses and a growing population. The district is comprised of thirteen counties in Tennesses
and Northwest Georgia and 54 incorporated commumitios. Interstates 75 and 24 connect SETD to neighboring growth centers including
Hashvilla, Knoville, and Attanta, each a 2-hour drive, and tha hurpacning Fisdmont Atlantic Metropnolitan Reginn®

FOLITICAL BOUNDARIES

SETD Region

Major Roads

+ 13 counties
Bledsoe, Bradley, Grundy, Hamilton,
Marion, Mcinn, Maigs County, Palk,
Rhea, Sequatchie, Catoasa (), Dade
(GA), end Walker (GA)

+

1 Phase | M54 Community and
12 Phase | MS4 Communities

Chattanooga, Athens, Cleveland,
Hamilton Co., Bradley Co.. Walden,
Sipnal Mountain, Catonsa Ca.,
Chickemsuga Co., Lookout Mountain,
Fort Dglethorpe, and Walker Co.

+ 300,426 households

+ 793,578 residents

+ 23.7% Projected Population Growth by the
year 2050

+ 1,668 linear miles of interstates and highways

+ 14,955 employer businesses



The Hydrologic Perspective

The lendseape that offects the region’s woter guality, becouso of the watershids thet contrbute 1o the region's surface waler nesouwces,
is a much lasper, hydrlogically dafined study araa. The district’s chuntias touch thraa majar river hasing and 12 HUCDE watarshads. Tha
Sequatchie, Ocoee, Hiwassee and Tennessee Rivers form a netwaork of blueways that connect the ragion's most denzely populated and
industriafized landscopas, Tho rogion's rivers, stroams and reservoirs are a havan for hikers, bikars, anglers, conoers, and rafters, Thoy
hnst regionad and national fishing tournaments, triathalons, and regattas and are hama ta the Deoss Whitewatar Centes, an Olympic-tlass
whitewater venua?

HYDROLOGIC BOUNDARIES

SET0 Region ||t

= ]
[ Watershed

+ 3river basins
Cumberland, Tennesses, and Conasauga

+

12 watersheds
Canay, Collins, Upper Elk, Sequatchie,
Watts Bar Lake, Guntersville Lake,
Chickamaiupa, Hiawases, Nooee, Upper
Cooza, Dostanawls, and Conassuga

+ 4 major rivers
Tenneszes, Hiwessee, Dcoee, and
Seguatchie

+ 4 state scenic rivers'”
Colling, Hiwasses, Conasaugs, and Soak Creek

+ 7 reservoirs
Watts Bar, Chickamaupa, Deoes,
Racoon Mtn., Nicksjack, Santeelsh, and
Fontana

IMTRODLMCTICH



VALUE OF WATER RESOURCES

A Triple Bottom Line

The valuation of any resaurca is traditionatly thaught of first in sconomic terme: dollars and cents. The answar to quastions lika *how much
does something cost™ uitimately drives most decizions made by communities and individuals. Such sn spproach to value determinaticn
ignores the worth of a resource to populations and ecosystems that can be difficult to quantify in financial terms. Contempaorary valuation
concapts have bean axpandead to 2lan ancompass the social and anviconmantal valua of a rasource. Thase thres elamants of resource vales
are commanly referred to as the Triple Bottom Ling.™ This concept is used throughout this publication a3 8 way of describing the costs and
benefits of water quality and the value of healthy water resources to the SETD Region

With the variety of land uses in the landscepe of the region, maintaining sccessible clean water resources for the oversll well-being and
growth of @ community begomes about more than healthy ecosystems and drinking water. Beyond the ecological and envirgnmental
benefite of healthy watar, the reglon's water recources have provided communities with recreational opportunities, Industry, and good
quality of life

ECONOMIC

The aconamic valug of watar quality
for the region is not limited to the
cost of clean drinking water. The
repion’s  water rasoufces are an
inexpensive source of electricity
production, are a wvaluable material
input to manudacturing processas and
consumer products, and are essential
to contemporary waste management
practices. Tha region's rivars and
lakes are & playground for its citizens
and attract tounsts from around the
globe, Sawy businesses understand
that an educated workforce seeks the
guality of life and active lifestyles that
healthy water resources contribute
to, making clean water resources not
only @ valuable commodity, but the
foundation of tax-base stobility and
firture aconomic prowth.”




SOCIAL

Pecple depend on water for every
glement of daily life. Starting wath
tha human hody, which is 70% water,
people require water for drinking, food
preparation, and overall good health
and hygiana. Raducing llinass improves
guality of Iife and enables people to
wiork successful jobs and enjoy the
fruite of thair lahor through recraation
gnd leisure. Clean water resources
glso provide a vemwe for mentally-
restorative leiswre  activities such
as fishing and hoating, and promaote
healthy lifestyles through physical
activities  like  swimming, rowing,
kayaking, hiking, hiking and nanning
These activities foster socialization
among neighbors, building 2 sense of
inclusion and regional identity through
chean water resources.™

ENVIRONMENTAL

Healthy, halanced acosystams provide
8 number of services, such as filtering
anthropogenic  polietants from  the
air and watar™ i the snvironment's
ghility to sustain these services
wore  compromised, humans  would
ha requirsd to invest in more cost-
intengive trestment processes™ in
order 0 provide quality water for
drinking supply, manufacturing and
agricultural irigation. Water resources
have shaped and enriched the region's
unrivaled  aquatic  hiodivarsity,”®
topography, amnd other natural
rasowees, Presomving water gquality
MAans prasenving tha repion's idantity
for a rich ecological past, present, and
future,




A WATERSHED APPROACH

A Water Quality Imperative

Contemparary water quality management must acknowledge the spatio-temporal movement of water resources within and across the
landscapa and the physical landecaps conditions that affact their health. ‘While states, citias, counties and M54e ara dafinad by political
boundaries, water resources flow with the topography of the region without regerd to these invisible lines. Mested wetersheds of varying
seales defne the hydrologic landscape.

Water respurces are vulnersble to fragmented vpstream and downstream management authorities. Without cooperation and colleboration
al the scale of @ watgrshed, te efforts and improvements made by even the most progressive municipality may be compromised te pogr
water quality practicas upstraam whera rapulations may ha less etrinpant and anforcamant lass sffective, Tha repions straams, rivars
gnd lakes are ondy 83 heslthy as their contributing watersheds. It iz et this scale thet improvemant strategies must be implemented.

MISSISSIPPI E]VER BASIN TENNESSEE RIVER REGIONAL
WATERSHED WATERSHEDS

WATERSHED SYSTEM







EXISTING CONDITIONS

The Landscapes of the SETD

The watershods of the SETD rogion one home 10 a rich divergity of landscapes that recoive congistent rainfall. Additionally, the state hos
rurtured an indax of parks and wildlife consarvation araas. However, whils the region supporte notably robust anviranmantal territoras, ite
current growth patbern and urban typologies have grave implications for the future of its water resources. City expansion and subsegquent
landscape disturbonces consume entire ecosystams, altering notural hydrologee flows and discharging harmful patlutonts thet arg camed
downstream. Rural territories subsist with poor managamant practices and ame nat privy to the infrastrusturas found in dansar devalopmant
At a regional scale, 8 lack of hydrocentric educetion and regulstion persists, stunting the growth of water quality stewandship. By adopting
@ watershed approach to water resource managemeant, a shift in the responsibilities and agencies of oll stakeholdars emergos.
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The patterns of dovelopment  within
repional watershads and the human
activities thet occur on various lend
vses offect the megnitude of lend
disturbance and byproduct  relfasss
within the environment. Accumulsted
contaminants and the continuous
digruption  of nastural  hydealogic
processes across mwitiple landscape
typologies affoct the health of the
reglon's shared water resources.

WATER

Opan water accounts far only E'HFE'
the physiological character of the
SETD region.

URBAMN

Developed  or  urbanized  land
constitutes 8% of the watersheds’
land cover. The edge conditions
between the urban fabric and its
hydralgic resnurcas are kay areas of
managing pollutant discharge.

(AGRICULTURE
26% of tha region is ralated to the
agricultural industry or grasslands.

These typologies have the greatest
patantial for water stewardship,

FOREST

There remains E1% of forest cover
in the region. Tennessee his long
fosterad & ranga of acosystems
that maintain tha health of proximal
water resources. These habitats
face significant threats and must be
protected and proparly manaped.

IMTRODUCTION



Water Movement in the Landscape

Rivare straame and rasarvnire are not hodise of water; rathar, they ara oceans of rainfall — momeante in a plobal
hydrologic oycle. This continuous cycle circulates water between the earth's oceans, atmosghere, and land through
the physicel processes of condensation, precipitation, evaporation and tanspiration, Land use and devalopment

pattame, larpaly through the creation of impendous surfaces, madify 3 watershad's natiral hydralogy, Impacting
the guality snd quantity of water that runs off built and natursl sufsces. The consequences of these modifications
egeregati in U pdgion's wiled resbuicos

canopy imterception d -
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REGIONAL SURFACE WATER IMPAIRMENTS?
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IMPACTS

Water Quality in the SETD Region

The termn “water quality” hes traditionally refermed to the physical characteristics of water rasources
with regards to proximal environmental health and human consumption, but the site-specific approach
to which healthy waters were sssessed in the past could not anticipate the magnitude of contemporary
urbran expangion, indugtrial growth or land transformation, New standands of water quality and stewardship
amarpe hy framing hydrolopic impacts at tha regional scala

Under sectien 203(d) of the Clean Water Act, states are required to report a list of impaired waters to
the Environmental Protection Agency every twio years. Impaired waters are those that fail to meet ong or
mare water quality standards for their designated stream type — heneficial uses, numeric and narrative
standards, and the non-degradation protections — established by the state. These designations, which
include industrial, recreation, and aquatic life, reflect how the water is used. Each use has different water
quality standards. For instance, waters desipnatad for racreation hava higher water quality standards than
those designated for industrial vse."® When known, the cause of impairment is also reported.

A summary of surface water impairment within the SETD region’s contributing watersheds is provided on
the facing page.

For rivers and streams, E. coli iz far and sway the leading cause of impairment. More than 2,000 miles
of these streams and rivers are impaired due to levals of E. coli and associated pathogens, followed by
731 milas of impairmant dus to sadimant Inads and 552 miles impaired by alterations to straambank and
riverbank vegetative buffers. Nearly 400 miles of rivers and streams are considered to have insufficient
levels of dissolved oxygen to support aquatic wildife, while 300 miles are impaired by high levels of
nutrignts and physical slterations to habitat-rich stream and river battoms. Tharmal lnading, haavy metals,
hydrocarbons and other pollutants commonly associated with urbanized and industrial landscapes impair
additional stream and river miles.

PCEs are the leading impairment of the region’s reservoirs, affecting more then 75,000 acres of these
surface water bodies, These chomical compounds werg commanly used as coolants and lubricants in
transformers, capacitars, and othar elactrical aquipment. Thaugh the manufacture of PLAs was hannad by
the U.5. EPA in 1979, past dizscharges and their persistence in the emvironment due to potentially extended
half-livess make PCBS a widespread imgairment.® Mercury impairs nearly 100000 acres of resenvoirs, while
sadiment, cartain heavy metals, E ool and dissolved axygen levals are sach causes of impairmant of
around 2,000 acres. About 500 acres of reservoirs are impaired due to low flow alterations.

Dascriptions of the impairmants listed in the Repional Summary of Surface Water Impairmants are includad
in the appendix of this publication.

INTRODUCTICH






CALLTO ACTION

Hang in Southeast Tennessee, water is one of our most precious resources. Water provides nourishment,
is a vital componant of apricultura, supplies the hackbone of our region’s infrastrectuce, and is the hasis
for both recreation and towism. In fact, it is difficult to think of what makes Southeast Tennessee great
without also thinking about water, If we want to continue to live in a beautiful and thriving region, these
rasnUrces mUst ba protected.

Lnfartunataly, many of the activities we participate in avery day theeaten the quality of our water. Building
practices, sgriculture, transportation, and all kinds of human development seriously endanger water
regowces. Howevar, this statement begs the question = what can be done? Agriculture, construction, and
transportation cannot and should not simply stop. Instead, what is neaded is an overhaul in our thinking
about development.

Enter HydraLIT, shaet for Hydea Litaracy. This publication intends to provide the educational toals necessary
to understand how our actions impact water quality, followed with strategies to reduce those impacts. This
document i meant for everyone: from @ developer wiorking on @ multi-illion dollar project to a family trying
tn wasta lass watar in their homa.

A corporate, personal, and govemmental understanding of how our actions impact water quality is absolutely
necassary to ansure the continuad vitality of Southeast Tennessea'’s repional water rasources, As citizans
of this region, we have a responsibility to make water quality a priority in our lives, in our workplaces, and
to our governmental representatives. This publication is o wonderful positive step in that direction, and |
ANCOUFRER YOU T UEA it ta its full patential.

Respectiully,

B ey 4 oy

Bath Jones

Executive Oirector

Southeast Tennessee Development Digtrict






SECTION 2

WATER QUALITY

~ 5. ELEMENTS

s The following Guiding Principles and Stratagles for Chang are praposad

S i E_ ,_i.:;,l to address existing challanges and in anticipation of future thrests to
(M-‘_Tﬁ watar quality in the SETD region. The proposals are organized os five

o &nd actors Bzsantisl to the stewamdehip of tha reglon's water resources,

watar quality alemante, sach reprasenting a broad category of systams




WATER QUALITY ELEMENTS

Principles and Strategies for Improvement

Through careful analysis, regional obsarvations, and conversations with regional stakeholders, the project identified five over-arching
clumants o5 l:lrwmg chauanges 19 custmg watcr res0urce conditions and future water guality threats: DEVELOPMENT, TRANSPORTATION,
10N, WAL T, and EOUCATION.

Within those water quality elements, guiding principles have been identified to focus future water quality improvement efforts in the
rapion. Stratepias for change are proposed that craata pathways to healthy water rasources throughaut the region today and for tha futura,

Bolow is @ sumimary of cach water quality clement. the identified guiding principles. end propesed strategies for change. Each element is
Introducad, principlas are defingd, and strategias are dascribad in datail in Saction 2.

ELEMENT DEVELOPMENT TRANSPORTATION
Within sach element are proactive The region’s water resources stiract A diversity of efficient, equitable
visiong. goals that guide each development, and are  essential trangportation options mobilizes the
for chanpe. Tha four to econamic growth and building region toward accessible, transit-
ch element lvable communities. A& clearer oriented development patterns for
! ays o S5ing understanding of the relationships the future, mitigating the impacts
watar quality hetwean devalopment and water of prowth and devalopment on watar
catalyzes reconsideration of growth quality and extending the capacity and
patterns and land uses in urban and life cycles of existing infrastructure.
rural araas.
GUIDIMG PRINCIPLES SUIDING PRIMCIPLES GUIDIMG PRINCIFLES
'hn fumn mmnnnl ide gh: 1. LAND OF OPPORTUNITY: 1. CONMECTIVITY:
temitory as economy equity of access
2. RETHINEING INFRASTRUCTURE: 2. MOBILITY:
tarritony as public + private intellactual + ecanomic
3. FOUND SPACE: mavement
landseape urbanizm 3, INTEGRATION;
4, COMMUNICATION: acalogy in transportation
collgboration + connection 4. SHARING:
re-gnvisioning place-making
STRATEGIES FOR CHANGE STRATEGIES FOR CHANGE
a. inviporate underutilized land a. amploy regional transit
b. reclaim brownfields b. improve pedestrian +
¢. exchange development rights bike access
d. use stormwatar district c. develop T.O.D. sites
manapmant d. adopt sharad space
- A




ECOLOGICAL

PROTECTION

WASTE
MANAGEMENT

EDUCATION

Healthy aguatic ecosystems parform
valuable services for the region.
Ensuring the integrity of natural
hydrologic processes and maintaining
ecological balance in the face of
evnlving social values and incraased
development pressure is one of the
region's most pregsing water guality
challenpeas.

GUIDING PRINCIPLES
1. ECOLOGICAL FUNCTION:
regenerative region
2. NETWORES:
natural + urhan
3. RESEARCH:
gynthesis + innovation
4. EQUITABLE ASSETS:
inherent valuation

STRATEGIES FOR CHANGE
a. protact headwaters + ridpes
b. protect, restore, + construct
witlands
¢. develop complete creeks
d. puide via pps collars

h.

Rethinking the flow of waste fosters
new products and tactical strategies
farwatar quality stawardehip. Currant
regulations try to control waste
release and mitigate environmental
damaga, but new repulations are
needed to keep up with contemporary
waste cycles.

GUIDING PRINCIPLES

1. LOCALIZE ECONOMY:
praduction through reuse

2. REDEFINE INFRASTRUCTURE:
innovate use

3. COMMODIFY WASTE:
create new goods

4, REVITALIZE ENVIRONMENT:
waste for ecological benefit

STRATEGIES FOR CHANGE
a. racycls solid waste
b. incorporate coal ash
¢. reduce pollution pressune
d. monitor household waste

.

Education plays &n integrel rofe in
fosteving @ cultwre of stewandship
and sustainability. It can laverage
past successes, existing facilities,
and water gquality knowledge to
assart a laadarship position in watar
resource stewardship, research, and
innovation,

GUIDING PRIMCIPLES
1. SCALE:
regional capacity + legibility
2, RESOLUTION:
hydro-informed
decision-making
3. CULTURE: water quality

racancaptualization
4, DISCUSSIOM: facilitating

cooperative strategies

STRATEGIES FOR CHANGE
&, mohilize the creak squad
b. pilot mobile learmning
.. establish the hydro academy
d. synthesize + visualize data

WATER GIUALITY ELEMENTS



A GRAPHIC APPROACH

Describing Strategies for Change

Within each strategy, short and long-term approaches to change are visualized giving clear examples of their water
quality benafits, ldentified territories, stakeholders, and tactical interventions suppest ways to improve existing
conditions and ensure smart growth in the region.

Infroductory Text
The main themes of the strategy are introduced here and lay the
foundation for the supporting sepments.

Primary Graphic
Visual depictions of the strategy are shown here and provide ideas for
cOmmunitias.

Hydrologic Benefits
Iconographic representation of benefits to water resowces help
connect strategies with communities’ needs.

Implementation Territories
Landscape typologies are defined as opportunities for proposed change
or contributions to water quality issues.

Stakeholders
Individuals and community groups are identifiad to astablish functional
networks of people who might see projects through.

Anticipated Challenges
Preparing for challenges may aid in planning efforts and help to avoid
roadhiocks.

Tactical Site Interventions
Intermediate/temporary projects introduce change in an area to gain
sUppart or test an idea bafare making it parmanant.

Precedents

Pracadants provide project leaders with first-hand descriptions of
successful implementation and establish contacts. More information
about these projects can be found in the appendix.
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HYDROLOGIC BENEFITS

What can be gained?

The proposed Strategies for Change have multiple hydrologic benefits that are identified and defined below. Esch benefit has & unigue icon
that is repeated throughout this book o @ meens to help wsors identify strategios that may provide o particular bongfit. A quick rofarence
for the definitions of thesa hydralogio henefits and their corrasponding inons can be feund in tha ingide fald-out of the boak's back covar,

nabitat regeneration + presenvation
Forests, npuian conidors, meadow:s, and ulhe
wildlife-supporting landscapns are protacted or
gy mgry surtuble for wildbfe biodregraety wd
eunlugice health

runoff volume reduction
Funoft valume, valocity, and non-paint Source
pallurants camind to reEaiving witars arm
minimiigea, rmbigiEting stioam ik gopmiun untd

habitat degradation

informed decision-making
Stakeholders ore ensbled 1o make informed
dacisiong and menpndra lnng-Tam BCannme
wngigh el eimdoammgitad emplcationg of

wiiterzhar and water rasounce haaith
infrastructure cost reduction

FIT{.’ ROETSR, Aparation and malntanancs coaTe

or liferoygly coull usseceutud with
infrastructure investments are reduced or
mansdar]

|'I|.'!-I'|'|'H'|l|'||.":'1|‘ll.jfl.".r.'.’ |"|':'||I.JTI'E'I"| -'FFTIE‘.-‘H'II.‘JH
Wit muobrge cotammution liom predictsbi,
vat widaspreail lsnd uesn, rurfacs
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retucid

an-site recreation optimization

LLCIHTII‘IE. fl=|!lﬂE. Ewimminvg. and othar sumtic
recraational activivies sre mads more favorabla

runoff rate reduction

The rate ut which nunaff concentrates on a gite
r &5 !':I-'.FI'IZII'PIFH Ta II'F.Pi'r'-.'-FI"qk':‘-Tﬂr.'i i Ll

water temperature management
Flustuations én watar bady tamperatures die to
Tl el godn, bedugboial Geciuigo, or il
TEMPErATUrE Bre malntmined within noem ol or
ancaptahls |avnls
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BENEFITS MATRIX

Connecting Water Quality Benefits and Strategies

Viawing connactinne hatwsan stratepias and water quality henefits can aesist in dentifiing appropriate strategies hasad on a
commanity’s neads. The matnx below summarizes the primary water quality improvement benefits of the proposed strategies for change.

DEVELOPMENT TRANSPORTATION
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DEVEL

Tha region's witer rasoircan attract devalopmant, and ar essential
to econamic growth and bullding fvabls communities. A despar
underatending of the reletionships between development and weter
resourcas has the potential to catalyze new growth pattams and land
usss in urtan and rurel sress,




The city of Pikewille, TN is 8 modest city that has the opportunity to plan
for efficient and sustanable urban expansion.



DEVELOPMENT

In tha Southaast Tennasses District, devalopad landecapas include urhan, rasidantial, racreational,
industrial, infrastructural and agricultural lend uses. In this publication, the developed lendscape is
congidered to be any land anga that hes been changed by hurmans from an undisturbed, indigenous
condition for & specific purpase. Devalopment is bath the process of making that changa and tha rasultant
lend use.

EXISTING CONTITIONS

Tenneszee's wealth of netwal resources has cetalyzed various forms of development throughout the
state. Cities weore settied on rivers for the commercial ports they provided. Coal, copper and other mineral
mining towns dot tha Southeast Tannesees landscapa. Farms take advantape of abundant fraghwatar and
fertile floodplain soils to sustain crop and livestock operations. Forests supported some of the region’s
garliest eoonomies, providing timber to build the region’s first communities and commodities for export,
The rivars wera hamassed by TVA for powwer, fioad contral and cormmerce. AN ook T the region’s water a8 a
reliable, sustaining resource for drinking, imrigation, navipation, and industry.

While enabling vital economic and social activities, the close proximity and complex relationship between
watar rasnurces and the devaloped landscapas they suppart posas sipnificant thraats and futurs
challenges to water guality.

EVILLE
ISCO .iT&CLDTHIHG
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Advancas in transportation technalopy and infrastructore, population prowth, in addition to cultural,
pafitical, and economic dynamics have shaped the pattern of development through which communities
grow and evolve, Over time, development patterns have expanded city Amits, converted land uses,
madifiad infrastructura, and attracted industry and tourism. Thesa pattermns determing how paophe
gxperience their cities, residences, public spaces, and nural landscapes.

Thaugh the SETD includes marny vibrant, dansa and dynamie community cantars, much of the reglan’s
urtranized landzcape and persistent growth pattern can be characterized as low-density, single-use
autg-gentric suburban sprawd that fallows cormidors establishod by transportation and other supporting
infrastructuras. = Existing urbanirad landscapes wers commanly developad in a mannes that privileped
hurmnan needs and perceived infrastructural efficiency over the dynemic neture and physical presence
of ereeks and streams, Gridded street pattermns were construgted with limited consideration to flood
plaing and watershad hydealogy. In soma cases, stream and craaks are buried undar antice biocks or

huildinge. Developed landscapas discharga high valumes of rapldly concentrated, polluted stormwatar to
receiving waterways, restricting their flow through buried culverts and pipes and disrupting the protective
performance of their flood plains and wetland buffers. New devolopment often consumes productive or
soanic greanfiald landscapes for commercial, industrial or razidential uses, compacting snlls and raducing
tree canopy during construction and sdding 8 disproportionate amount of new impervious surfaces and
stommwates runoff, espocially when compared to altemative growth and devalopment patterns.

Given the sccessibility of abundant natural resources and the quality of life they afford, a3 well a3 & mild
clirmate, attractive oost of livieg. end projected job growth, regional, national and global populations miy
ha increasingly drawn to call Southeast Tennassaa home™ Tha paca of this prowth and tha pattam of the
developed landscape built to accommodate it compound the future water quality chalienges already posed
by axisting devalopment.



APPROACH

Tha ability of eommunities to eustain sxisting econamic activity whils attracting new prowth dapends
on the availability of clean water and landscape resources. in order to grow in a8 manner that does not
compronmsso the health of the water resources necessary to support that growth, woter resource health
naads to be at tha farefront of convarsationg that will affect future developrant

Inspired by the succosses of communities argund the region and around the country, this section axplores
navel apportunitieg for racalibrating axisting devaloped landscapas and how new davalopment can
maximize the utilization of the wbanized landscepe, continue to cuitivete dynamic communities, and to
Qv0id, roduce o regoir the impacts on wator resources, A fotws on ramvestmant in existing communities,
infill, and radevelopment enablas a compact devalopmant pattam that minimizes disturhances to
undeveloped landscapes, avoids stormwatar generation, and enhances envirenmentsl health while
agcommodating, if not gatalyzing, eoongmic growth and social priorities,

These opportunities for innovetive, ydro-conscious development also seek to strengthen existing
communitios wherg populations snd comective infrastruotures ang already in placo. Additionally, they oro
usaful in areas whare populations are aging, regional connactivity is becoming more critical, or traditional
gcanomic reles cannot be established. Reconsidering traditional land use paradigms, sccess rights, and
angaging community organizations in rural and wban communitios alike can help the region mave forward
towarde achisving its collective davelopment vision

By integrating these efficient and inngvative devolopment practices, the region will be abla te provide
for the economic and social vitality it seeks without compromising the health of the very resources that
anable and attract it.

The territories identified above include those landscepes where the following water quality improvement
strategies may be implemented,

INTRODUCTION






GUIDING PRINCIPLES

LAND OF QOPPORTUMNITY: Temitory s Economy
*  To employ smart growth strategies for aconamic imvestmant
Ta combing public and private support
« T ghara aceess to undanutilized fand as a revitalization stratagy

RETHINKING INFRASTRUCTURE: Teritory as Public and Private
+  Toreconceptualize infrastructual landscopes as new mult-functional ternitgries
for mesting encial neads
*  Tointerconnect public end private land Tor holistic use

FOUND SPACE: Landscape as Urbanism
+  Toimest in low-cost, multi-ues, npan-space developmant
* Toredeploy post-industrial and interstitial ‘waste’ landscapes &5 social assets and
catalysts for futura investment

COMMUNICATION: Callaboration and Connection
* To encourage civic involvement
+ To address a wide range of socioeconomic conditions
Ta strengthen wban and rral relationships in the new image of the Southeast Region

STRATEGIES FOR CHANGE

INVIGORATE UMDERUTILIZED LAND

Tamparary and fixed intarventions an undartiiized landscapas anliven
communities as new temitories for social connectivity, economic
agtivity, erviranmental diversity and stonmwater mitigation

RECLAIM BROWNFIELDS

Dnee productive economic temitories, these emvironmental liabilities
arg rengwiod a3 economic 855ets and social centers through
innovativa collaborations and solutinns that aparsta aver time

EXCHANGE DEVELOPMEMT RIGHTS

Transfaring development rights to designated argds protects natural
tesnurcas and encourapas smart urhan prawth whila providing economiz
capitalization opportunity for ownars of sensitive, valuable landscapes

LSE STORMWATER DISTRICT MANAGEMENT
Public space and conperative Stormvwater manggenent
macketplaces afford multipla crastiva solutiong and afficient

land use to property owners in dense whan landscapes

STRATEGIES + PRINCIFLES



GUIDING PRINCIPLES

LAND OF OPPORTUNITY:
territory as econom

Lamdscapes providing economic development and water quality improvement harmess new territories for commerce, production,
and efficiency. Proparty conventionally considerad ‘vacant’ can be used to ganarats income, create naw acanamies, and reduce
runoff. This requirgs a re-conceptualization of existing landscapes as well as traditional attitwdes toward their access and
tempacality, Support from privata and public antitiss will promaota the succass, impact, and sustainability of thase landecapes

RETHINKING INFRASTRUCTURE:
territory as public and private

The rmovemant of economic activity, social anargy, and water trangcands delineations batwaen public and private. By
rethinking how ownership is defined, newly accessible space and permissible functions can open doors to innovative
uses. Reconceptualizing relationships botwaen public and private landscapes can expand territory for mutually beneficial
infrastructuras, yvielding levels of connectivity, synergies of space, and efficiancias of inestmant othensise unattainable




FOUND SPACE:

Rediscovering the potential of in-between and lost space — sbandoned or vacant sites, greyfields, oversized infrestructures and
landscapes previowsly deamead unfit — can recalibrate landscapes for productive futures and catalyze now investment in the
surraunding community, Starting with small, low-cost interventions can tast and build awaraness far new land ugse initiatives and
reveal how larger development proposals may manifest and be received by & community.

COMMUNICATION:
collaboration and connection

= g . —

In all approaches and scales of devalopmant, building sustainable connactions and collaboration amongst and batwean
communities is key to facilitating a consensus vision, project acceptance, and & spirit of regional cooperation that yields mutually
beneficial relationships between wrban and rural communities, Understanding differant gocio-economic conditions and needs is
impartant to aquitably inviparating existing places and distributing naw invastmants

STRATEGIES + PRINCIPLES
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PRINCIPLES & STRATEGIES

INVIGORATE RECLAIM

UNDERUTILIZED LAND BROWNFIELDS

% Undarutilized land can be repurposad for econamic Reclamation reactivates the economic productivity

B gain by growing plants for produce of fibors or by of ence-vibrant places of industry and social activity

& hasting markets, pop-up hops, and other seagonal by ramadiating perceived and real health theaate

= af tarmparary enterprisas, Doing this can encouraps

o usable space for pedestrians and bicyclists.,

i

é Infrastructural spaces can be captured as both Improving brownfields permits public vse

L public and private, increaging utilization rates and of remediated private properties awaiting

E: public safety as wall a5 broadening maintananca radavalopmant, reintraducas tarritory 38 3 productive

é] regimes. landscape, and conditions communities to embrace

z evolving uses.

L

b Hew energy stimulates existing communities by Blighted properties, as well a5 the communities

o recognizing the productive potential of vacant, and infrastructuras that once supparted tharm, are
ahandaned, mona-functional and in-hetwaan spaces. repositioned for new futures.

',;' Communities broaden agency and authorship of the Dialogue is enhanced amongst civic leaders, land

0 new vigion argund the temporary uge and potential owniers, developers, and community members in

= radevelopment of undarutilized land. undar-sarved communities maintain a new,

=

2




EXCHANGE

DEVELOPMENT RIGHTS

Araas ara established specifically for concentratad
development, agriculture and conservation that can
craate enduring, sconamically-distinet districts and
regions.

USE STORMWATER
DISTRICT MANAGEMEMNT
Starmwater districts craate land-use efficiencias,

infragtructural econamies of scale, previously
unattainable dansitias, and land davelopmant yialds.

Landscape is positioned as shared infrastructures
with public and private benefits by aligning land use
with ite mast productive capacity and watarshad
context.

Multi-functional infrastructures with scale and
accessibility considerations generate shared public
and private valua,

Incentives can encourage strategic organization
of lend uges and green infrastructures capable of
catalyzing devalopment, investment, and huilding
community.

Infrastructure is reconceptualized as public space
and offers new amenities.

Designating areas for development enables equitable,
shared benefits of futwe growth and development
while stewarding productive landscapas and water
TESDUICES.

Stakeholders pain aquitable access to multi-
functional amenity networks through shared
infragtructure investments.

STRATEGIES + PRINCIPLES




HYDROLOGIC BENEFITS

By changing sirface charactaristics and soil quality of axisting propertias, craating new damand for
harvested rainwater, enhancing guality of Iifs, and calelyzing refmesiment and infill development, the
invigaration of indarutiized fand yields multiphe hydrologic and othar benefits.

- = ~

S

REVEGETATION COMMUNITY MARKETS
TEMPORARY INTERVENTION Urban maadaws and Fru'.'idm_g on-site sale of
Pop-up Dﬂarhs and ﬂtE‘BI‘ e gardens on properties once go0ds gvas patrons @ first-
tomporary land uses dormineted Dy Seandonad SH TG B Joucts oy
can [Mprova Stotmwater parking lots, drivas, or in the vicinity and easy
P foundations create a aceess o lpcal goods.

conditions and facilitate
gocial interaction. These
approaches tast cartain
conditions and determing
the best uses of space for
tha commanity, acondmy
and emvironment.

biodiverse poogystem ond
raduce nmoff by impraving
s0il, absorbing precipitation,
and retyming it to the
atmosphara * Lrhan

ferms create demand for
arvestod raimwater,




INVIGORATE UNDERUTILIZED LAND

Underutilized land cen be oy teritory not wtilized 1o its maximym potential. Yooant lots immediately
corma ta mind a5 ona typa of undantilized spaca, bt thare are many mora within the limits of the axisting

developad lendscape that could be engaged for edditionsl uses. whether it be infrastructural, social, or
anvironmental in functicn, including wnused or single-use public parks, road. ral and wtility rghts-of-way,
ahandoned proparties, rooftope, landscape buffars, over-sizad streets, and parking lots. Cataloping the
veriaty of underutilized spaces in rural and wban landscapes and thinking creatively sbout their additional
patential con help strengthen existing communities and minimize impacts o undeveloped landscapes.
Realizing tha undiscovered potantial of thasa sites may require Innovative public/private use and
maintenance agreements. Dvercoming these hurdles can be 8 boon for economic prosperity, infrestructural
efficiency, social well-being, community health, and overall quahity of life. Such projects often begin with
low-rost landscaps exparimeants by srmpowared citizens, astablishing community ownarship and autharship

in the beginning phases of project planning and implementation.

ROAD DIET

Recalibrating road sections
Lo ofign with actual use
volumes improves hicyola
and pedestrian safety and
acoess, while also reducing
imparvious surfaces

Street trees and pervious
pavement roduce runof(
quantity, and green straats
manage runoif guality.®

INFILL

Mirw constiuGLion on vacent
proparties and redevalaping
under-performing grevlields
reducs development
prassire an graanfislds.
This mitigates growth's
Impacts on water guality
and whila helping to revive
existing neighborhaods by
attracting naw invastment
tn tha araa

GREEN ROOFS
Intercepting watar that
would otherwise ron off into
aemes ar anto impervinus
surfaces can reduce heating
and cooling costs and can
ba a suitabla lacation for
personal or commamnity
farming.™

MULTI-FUNCTIOMAL PARKS
Undocking the multi-
functional patantial of
exizting public land is an
OppOTiunity 10 monage
stormwater, while a healthy
urban canogy reduces runoff
and thi heat island affect.
Well-maintained public land
can be & strong facilitator
of cammunity engegement
and haalthy citizans ™

IMVIGORATE UMDERUTILIZED LAND



IMPLEMENTATION TERRITORIES

b

Brownfields Post-industrial sites can ba radevalopad, reclaiming prima lncations and revitalizing tha lncal
ECOnamy.

Interstate Comples interchamges cary high taffic valumes and have opportumty Lo optimize land density,

Interchanges local acness, and anvironmantal praductivity.

Parking Lots Oversizad and ahandoned parking lots can be rearpanized as vanues for new snclal and sconamic

activity while reducing impervious surfeces and stormwater runoff voluma.

Highrway, rail, and utility nghts-of-way require zones of clearance that con also sccommaodato
additional usas that can further anvicanmental, encial, and multi-maodal tranepartation initiatives

Vacan! Lots Bath rural and urban areas pasesss vacant infrastructure that have tha capacity for ravanus
+ Bulidings generation.

STAKEHOLDERS
...
recagnize multi: f
ﬁﬁvmw“ W o,
[ T ]

e | s practices

Tandawndrs
e consider altemative
e o shared uge of
i wndirutilzed land
commenity mamer local povernant
e incemtivizy it
aegnry ond belld the cultune dimvelnpment o [ond use
of mmimagined spoce prgrEms e A\“a\_

ANTICIPATED CHALLENGES

m Creative funding mechanisms will be necessary when limited public funding is available. A

Land Ownership Innovative ugs apraements, sasameants, land swaps, or out-right purchasas may ba needed,

Maintenance Maintenance approaches and responsibilities, as well as lisbility limits, must be agreed upon.

Public Investment Community authorship and investment of new uses must be genving and sustainable,




Underutilizad land can be re-dazipned to provida a function or opportunity to the commonity that was not thera befara — while
simultaneously improving stormwater interception and infiltration. Thase examplies use impervious surfaces, such as sections of roadway
or rooftops (Figures 2 + 3), or unused lots (Figures 1 + 4] that may exist between buildings, at the end of a street, or on the grounds
of husinageps, achoals, or resldances. Pockat parks and pop-up plazas can pronide social patharing spaces with surfaces that ahsarh
stormwater. Rooftop plenters are cne way o use precipitation for production and can be a temporary strategy for testing the success of
rooftop farms, a future ponmanent, strategy, Simply planting wildfiewoers on @ ot gan improve biodvorsity of plants and animals, but will also
heautify the naiphhorhond, aksorh renoff, and provide adecational oppartunities

PRECEDENTS

DENSC Manufaciuring
Alhens, T

2006 [phose 1)

This auto parts mamufacturer has set
agide an unused part of their Athens, TH
peoperty far 3 landscapa that will filter
and detain water from their facility and
provide an ecologically diverse park that
provides wildlife habitats and outdoor
Ieisure for DENSD employees.

DyesScapes
Louisville, KY
2014

DyeScapes is a network of gardens on
vatant propartiss that was astablished
to provide local women with jobs
producing  dyes and  textiles. The
pardens produce local dyas, which takes
advantage of rainwater for irmigation,
and reduces costs and pollution due to
trangportation. This projact addrassas
economic, social, ecological, and water
quality issues in its local community,

IMVIGORATE UNMDERUTILIZED LAND T



HYDROLOGIC BENEFITS

Remaving dateriorating industrial infrastructuras and remadiating contaminatad soils, wagte stock piles
and other artifects of previous industinsl uses prevents poliutants from being carmied to receiving walers
or lpaching fnte groundwatir supplies while reducing runoff and restoring natural hydrologic regimes,

@) & @

WASTE EXCAVATION
Dfi-site disposal and
treatment of industrial
wasta quickly rammeas
bulk material from the
gite. Although this
MrOGASS raquiras 3 highar
initial investment, it is
an immediate action
that pravents further
contaminant leaching.

wialj i 0

REVEGETATION +
PHYTOREMEDIATION
Hardy plant spacias have
proven capable of gradually
metabolizing, or stabilizirg
salect soll contaminants
in situ, protecting
groundwater and filtering
pallutad runaff? This s

an sifordable but time-
intensive apgroach that
restores wildlife hableat and
hydrologic regimes.



RECLAIM BROWNFIELDS

Browmfiohds are idle landscapes thal retain hazardous remnants of peeviows land uses. In many instances,
hrownfields apprapate as larpe swathe of shandoned land along Infrastructurs cosidars that praviously
supportad industrial facilities. These temitories cen vary grestly in individual size, location and toxin
concentrations. According to the EPA, there arg aver hall @ million such sites in the United States @ Given the
Snuthaast's industrial haritaps, many are lncated In prime devalopmant lncations at the center nf axisting
communities — close to trenzportation netwarks and the locel workforce. As manufecturing economies
migrated over time, these abandoned fogilitios and discorded lond were left unregulated and oxposed to
natural procasees of succassinnal vapatation, which hid visihle indicators of industrial waste without
remaving the actusl conteminants. Ubiguitous and largely under-documentad, brownfields have traditionally
posed chalienges for federal, state, and local governments that ane now revisiting thase teritories in hopes
of ramadiation and reclamation as infill development sites or alternative land uses. dentifying, mapping
and szsassing these properties, proactively positicning them for interim and future uses, and strategically
partngring with private interests can enable these challenged sites Lo again be part of the goconomic, social
and amdranmental vitality of their surrounding communities

CONTAINMENT

Natural and artificial Co NET_RUETFEIH .

harriere prevant the Mow projects and proparty ; )

spread of infrastructural or valigs incraase as a BIOFUEL Ramadiating public

chemical woaste to nearby direct result of reclaimed Specific plant species can E{IBCES DENE NEW

surface and proundwater post-industrial tomitones supplement @ notivg riparion | S0CI0-CCONDMAC

resources. Containment is and impraved watar hahitat or meadow, filtrating | oppOfTURities

oritscal in greas that nisk resources an brownfield toxins and creating a and can create .

hurman exposuce gites and their surmounding harvestable fuel source of SLOGNEOr CoMmumty
pommunitiae * ranewabla anargy 1 Bngagemant *

RECLAIM BROWMFIELDS



IMPLEMENTATION TERRITORIES

Rall Yards Rail yards ara centralizad Incations in which rail cars and Incomotives are maintainad, often
accumulating environmentally harmful contaminants,

Mining Indusiry Unregulated and abandoned ming sites may continuously expase tailings. waste reck, and ming
drainags contaminants to the surrounding anviconment. *

hppeaximataly ona-half of all brownfiald sitas are bellaved to he impactad by laaking patralaum
tanks or pills, contamingting the groundwater of both rursl and urban communities.®

Heavy Stoel and heavy manufoctuing plants are often sites of concentrated mdustrial waste disposal
Manulachuing areag, and oftan pradata contamporary hazardous wasta managamant practicas and ragulations

Landfills + Dumps Older tandfills that wera not hald to the modarm ragulatary standards of contemporary waste
maragement are often unlined and filled with industrial weste and hazerdous chemicals.

STAKEHOLDERS

nviranmental sciantists
IAENESTE 10 iNfARE ASSELImEnt
defarming contammnants

== m

o sibe, develp a iemedsation e pricisces povenEnL olficials

plan, s educate staksholders SUPDON reclamitaon

shout potantials ad ke effores throigh incentives,
permitting and tachrical
asgisnance, and education
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ANTICIPATED CHALLENGES

m Although grants may provide funds for cleanup, organizations may be required to share the costs.® A

Public Reassurance Public may hava misgivings about ragidual contaminants.

Timeline Affordable approaches may span many years before determined safe for human occupation.®

_ Uncertain gite conditions increase development risks, limiting funding and partners.




TACTICAL SITE INTERVENTIONS

Brownfiabd ramadiation programs have prolifarated in racent years. Cities Iook to raclalm [ast territory to meat the demands of an incraasing
population. Initisl strategies to tackle brownfiekds inclede the mepping and investigating of potential post-industrisl sites, &s s=an in
Figure 1. Low-cost pollutant containment can be accomphshed through the planting of hardy, phyto-remediating plants that cen potantially
doubbe 28 a harveetahle biofuel Ultimataly, by treating thees bhrownfialds and pasitioning tham for ftura davelopmant, thesa sitas can in
the short-term remain biologically prodective, providing refuge and support Tor native wildlifa.

PRECEDENTS

Renaissance Park
Chattanooga, TH
2006

Thiz project in Chattanoogs’s North Shore
neighborhood  transformed o 22-agre
heownfield intn a vibrant public space
and catalyst for private investment on
adjacent properties. The multi-functional
dasipn imvites public recreation while
safely managing contaminated sodl on
site, eliminating groundwater pollution
and creating a constructed watland for
site stormwater management.

Old Grundy County High Schoal
Tracy City, TH
2007

This building was originally built in the
18305 during a tima of prosperous
coel mining and production. However,
it become vacant in the mid 19903,
anhibiting a lagacy of abandonad toxins,
mines, and rail lines. EPA grant money
was used to perform Phase | and Il on
tha praparty. Now, local and prant funds
are being used to radevelop the site
into the South Cumberand Leaming &
Davalopment Canter for Grundy County,

RECLAIM BROWNFIELDS



HYDROLOGIC BENEFITS

Radiracting urhanization from hdrolagically sansitive landscapas, praductive farmsraads and scanic

resources through development rights exchanges svoids the dizrugtion of natursl iydrologic regimes whils
promoting compact, fvable communitics, fabrtat conservation, and stewardshig of patwal resources, each
of which contrituras regionally and focatly to quality of ife and sacanomic competithvenass

£ N\

PRODUCTIVE, SCENIC
+ SENSITIVE SITES

The region’s agriculturally-
productive, scamic, and
hydralogically seneitive
lavdscapes-such as wetlands
and rigarian cormdorg, productive
farmstaads and ecanic opan
spaces, ridge-tops and hillsides-
nounsh growing populations, help
maintain haalthy scosystems and
water supplies, mitigate foading,
and enhance guality of life.

SlOIS

SENDING AREAS

The location of sansitive and productive
londscapes guide the strategic
dalinaation of sanding arpae. Dwnars of
fand within a sending ares may recognize
the cormmssnal benafit of maintaming their
praperty's curmant condition, yat may wish
to realize financial banefit from the legal
developmant potential of their property,
Throwgh a TR axchanps, thass ownars
may elect to sell their futwe development
rights to an ownor or developer of o
praparty within a recaiving area,

& 00 @

TOR BANKING

ATOR Bank is an important instrumant in
TOR programs that cen help sccelerate
exchanges on high pronty proparties,
act ag a ravalving fund ta huy and sall
development rights, and temporarily hold
development rights in order to brdge
paps in time hetwaan whan ripghts ara
sold and when rights are purchased by
willing participants®



EXCHANGE DEVELOPMENT RIGHTS

Hydrologically sensitive londscapes are subject to incrensing whanization prossures due 1o population
provwth and prevailing daveloprment pattams in Southeast Tannasses, Transfar of Devalopmant Rights (TOR)
programs &re voluntary marketplaces that meke the legal right to develop one’s property an exchengeable
commodity, thus providing an epportunity 1o preserve valued landscapes while simultanggusly enabling the
privata citirans who awn them ta profit from their legal developmant potential. Claary and stratepically
defineated sending aress and receiving aress &re fundamantal to TOR programs. Dwners of property in
designated sending sroos can alect vo sell thair development rights Lo owners of investors with real-gstate
davalopmant intarasts on a specific site within a desipnated racaiving area. When riphts are sxchanged,
an eazement or deed restriction is placed on the sending property that limits itz futwre development in
order to presenve the hydrologic, sgrcultural, scenic, or ecological value of sending arcas, and a morg
compant davalopmant pattern with a reduced stormwater fontprint becomas possibla In recalving arsas
Offering incentives such as density bonuses, intensity bonuses, and scaling exchange ratios encourages
TOR program participation by sellers and buyers. TOR programs requirg recogmition of fair land vakue amang
all partias, a5 wall a5 affactive administration in arder to maximiza thelr sconamic and hydralogic banafits,
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the property’s fulure lond use

ar davalopment patantial. The
original fend owner maintains
possession of the property
untess atharwisa axplicitly and
voluntarily agreed as & condition
of the exchange.,

accommpdating additional growth
puides tha stratepic delinaation

of receiving areas. Land owners or
developers of Sites in roceving areds
may purchasa developmant rights fram
sending properties to increasa the
development yigkd of their projocts.

CONSERVATION RECEIVING AREAS

Once development rights Thi Iocation of land thet has socess SMART GROWTH

from @ sending property have to existing services and infragtructure, Thrgugh the strategic

baan kald, a variaty of lagal high radavelopment patential, o is dalinaation of sanding areas
instruments can be used to limit otherwize detemmined capabla of #nd the use of participation

incentives, urhan growth is
concantrated, resisting sprawl
development and its associated
weater quality impocts, while
ansuring an afficiant axpansion
of municipal zervices and
infrastuctures,

EXCHANGE DEVELOPMENT RIGHTS



IMPLEMENTATION TERRITORIES
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Services + Ulility ‘Receiving araas™ will mast [ikely have existing municipal sendcas and infrastructres, allowing
Infrastructure tham ta more efficiently sccommodate new developmeant.

Croplond + Posture Rural cropland and pastue are ideal “sonding areas” that continue feading growing populations
while yialding an acanamic windfall to landownars ance developmant rights hava haan enld,

Foresls Bath fragmented and contipunus forests may qualify as protectad land for their anvironmantal
Services or scenic landscapes.

Wellands TOR programs can incentivize the conservation of these enticadly threatenced ecosystems that
cantritbiute to water quality as wall as the enviconmantal and econnmic health of the ragion @

Transportafion Stratepically dalineatad racabing areae can catalyze afficiant prowth patterns and denear
Nebtworks development when organized sround exizting and proposed multi-medal transportation networks.

STAKEHOLDERS

Tepinad prvariments
iendlnharmt® bn estnhlish TR
pencedums, mpulntions, ond
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TOR peograms

reciving area dmaiopers
create demand for

L incentives for increased [
——— mwmw'

Lo tnmsls

wefuratn nbout the valun of
conseration and fcilitate
dinveinpment right tronsnctions

ANTICIPATED CHALLENGES

Community Trust TOR programs are voluntary and require community buy-in. N

Education Local povernmants need to educate the public about TOR principles and benefits.

Valuation Fair valuation of sending areas’ davelopment rights is essential to TOR program success.

m TOR programs do not reduce the need for zoning and requirg careful administration.
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TACTICAL SITE INTERVENTIONS

The TOR markatplace gives land owners and devalopers an opportunity to secers and presena land by convarting their devalapment
rights to a liquid, trensferable commaodity. This market-driven concept allows developmeant to occur where demand s highest — typically
in highor density areas with euisting infrostructure and public serices — and oway from hydrgdogically sensitive natural resources,
scanic landscapes and productive apricultural land. Fipures 1 and 2 are examples of how TOR proprams have aidaed in the environmantal
preservation of lend. Figure 1 shows a working farm that will remain sgricultural land. Figure 2 is showing the preservation of a natural area.
Figurg 3 is an axamplo of how TORS can bo used to benefit dovelopers and residants on tho recening end by allowing increased development
intansity in higher demand areas. Thers ara alsa indiract banafits to the communitias, including incraasad livahility, walkahility, connactivity
and local produce, as shown in Figwe 4.

PRECEDENTS

Chattahoochee Hill Couniry
Fulton County, GA
2002 - ongoing

Thiz 65,000 acre area sits immediately
southeast of Atlanta, GA. In 2000, the
Chattahaachas Hill Country Alliance was
formed to help combat the sprawling
growth of metropolitan Atlanta into
Fultan County. Fultan then bacama the
first community in the Southeast region
to adopt a TOR program. The CHCA used
the program to protect rural lands and to
direct development to target areas.

Farmland and Clty of Seattle
King County, WA
2013

The 2013 Transfer of Development
Riphts Agresment  transferrad  the
development rights of farmland i
FKing County to the City of Seattle. This
apreament rasulted in $1.8 million for
land protection, the purchase of BOOD
development rights. and subsequently
an increasa in tax revanug from the naw
development.

EXCHANGE DEVELOPMENT RIGHTS



HYDROLOGIC BENEFITS

The district approach to stormwater managamant enables afficiancies of space and sconamies of scala
that would otherwiss be unachievable. Though the hydrologic and development benefits of this appreach
ay be most ebvious in wban landscapes, stanmwates mitigation can be estoblished atress mumcipal amd
rapional seales, diracting managamant and rastaration investmants fo J‘andsrapes that nead tham mast
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INDIVIDUAL VS COLLECTIVE PUBLIC SPACE FOR
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USE DISTRICT STORMWATER MANAGEMENT

Traditienal approaches Lo meeting stormwater management requirements arg limited o proctices '
implemantad within that specific proparty’s boundaries *® Satisfing such raquiraments may be costly,
ingfficient or impractical in some circumstances, especially in high density urban lendscapes where on
site open space is limited, and special use districts, such as campuses. A district approach o stormwater
managamant parmits multi-proparty collaboration in ordar oo fulfill a discriet's collactive starmwatar
retanticn end trestment responsibilities. Hydrologically end infrestructursliy-delinested Stormwater
Distrigts can create colleborative exchanges whore the need for stommwater retention on ong site can be
met through retention surplusas an other private proparties within the district, or on public landscapes —
such s sponge parks and grean streets. Using public space to offset the stormwater impacts of private
devplopment can incentivize smart growth and pramote multi-functional public spaces. Enabling private
davalopmants to ‘sell’ stormwatar managament cradits incentivizes innovative stormwatar avaidanca,
mimmization, and management.

STORMWATER

CREDIT EXCHANGE
Froparties can sall and trada
stormwater credits as 8 means to
collectively manage storrmwator
within the district. Starmsatar
mEnagement swpluseEs on one
property halp compensate for the
shartages or spaca limitations on
another site

MULTI-FUNCTIONAL
DESIGN ELEMENTS

Stommwater managemant control
maasuras guch 28 constrectad
wetlands have the capacity to
provida multiphe bonefits, such

a6 retalning and traating runnff
from surrounding sites, providing
an opportynity for ecokgical
amenitias, enhancing the site
sesthetic, and providing inhabitable
open space for sociol nteraction.

-

SPONGE PARKS

Distrect gommon areas can b doswgned
as sharad npen spaces that aheorh
stormmwater from sevaral surrounding
gites whilg providing opportunitiog for
wildlifa hahitat and public racraatian,
and gethering. Thase investments
con be usod to offset stormwater
manapament requiremants of district
infrastructure such &s roads, or to
generate rovenes from the salo of
surplus stormwater credits

USE STORMWATER DISTRICT MANAGEMENT (ST



IMPLEMENTATION TERRITORIES

Commerciol + Storrwatar managamant 28 3 cooparative effart can allavista prassute fram individual parcal
Industrial Centers owners who mey be unable to meet stormwater requirements with on-site infrastructure slone.

Fublic Porks + Existing open spaces. a5 well o5 rensportation and utility comidors, can be designed as
Rights-ol-Way eonnectiva, multi-functinnal infrastructures, offering shared amanitiss

Campusos Multl-budlding campuses, such as universities and office parks, can incliede stormiwater quads to
demanatrate responsible stormwater principles end lesrning oppartunities for water stewardship.

Urban + Suburban Hesghborhoods as stormmater managemont distnets can ingentivize the wse of shared opon space
Nelghborhoods as multi-functional landecapas and promote afficient devalopmeant patterns.

Vacani Lols + Storrmwatar districts can incraasa the functional value of undarutilized urhan and rural land,
Unused Flalds faciliteting infiltration across potentislly vast areas.

STAKEHOLDERS

and understand the mlti-beetioeal
puterilial of this public space

ANTICIPATED CHALLENGES

m Multi-functional landscapes may challenge prevailing cultural aesthetic expectations. N

Education Propar aducation of owners and maintenante staff is nacassary to sustain sharad infrastructures.

Ownership Collective management requires cooperation batween multiple land owners.

w Uncertainties and accountabilities may complicate ordingnce revisions and permitting processes,




Starrmwatar district dasign should ba facused an the collaborative stormwater management efforts of an antire district. Community
engagement and education are important interventions thet can be pursuad immediately. Figure 1 shows students engaging in an exhibit
at the Bitlon Dhystor Propoct's Hoarbor School. Figura 2 is an image of the Claxton Ran Garden on UT's campus that servis a5 3 low-cost
demonstration landscape of how previously ovarlooked landecaps frapmants can be utilizad to manaps stormwater from surrounding
buildings. Figures 3 and 4 show a vegetative 'green’ streetscape and cormmon plaza that act &s sponge landscapes that reduce runoff
and ratam some of the site's stonmwater. These mtervantions éno also demonstrate the sesthetic potential of mfrastrugturad landscapes
as public spaca, bullding the critical soclal awaranass and cultural adoption nacessary to anable wide-spread of district stormwater
management epplications.

PRECEDENTS

Eco-Commaons, Georgla Tech
Aflanta, Ga

2011

Georgia Tech University's Eco-Commons
i5 part of the campus landscope master
plan that inteprates scological diversity
to the campus landzcape while reducing
stormwater rungff by 50 percent. Their
innovative district approach connects
existing camgus open spaces to create
effigient, multi-functional  stormwater
manapament solutions which provide
new recreational  and educational
Opportunities,

Shoemaker Green, U of PA
Philzdelphic, PA
2013

Shoemaker Green at the University of
Pannsylvania is an example of district
stoomwater design. This 3.75 acre site
captures stormwater from the area and
surrounding  ronftops whils  providing
@ traditional campus open space.
The design is engineered to optimize
water collaction and infiltration from
the swrrounding buildings and s
programmed a5 a huly of social activity
and campus racraation,

USE STORMWATER DISTRICT MANAGEMEMT
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A divarsity of efficient and aqual transportation options mobilizes tha
region towards 8 compact, accassibis, and transit-orlented devalopmant
pattem for the future, mitigeting the impacts of growth and development

on watar quality and extanding the capacity and fife cycles of axjating




Interstate 24 travels immedistely adjscent to the Tennesszee River in
downtown Chattanooga



TRANSPORTATION

Safa, raliahle and efficiant transpartation is fundamental to the economic competitivanass of a repion
and the mobility of its citizens and its knowledge capital. It is the means through which businesses,
communities and individuals distribute products, access essential services, and connect with others
to ghara ideas and exparancas. Such mohility also anables access to the region’s waalth of natural
resources and remote landscapes, including rivers, lakes and streams.

EXISTING CONDTIONS

in the SETD region, the sutomobile serves as the primary, if not exclusive, mode of persanal
transportation. Less than 1% of the region's population utilizes puldic transit® These realities are both

a driver and consequence of tha farm and seale of the ragion's sprawling buitt enviranrmant 2nd ite
supparting transportation infrastructure. The public and private infrastructure necessary to facilitate

the mevement and temporary parking of sutemotiles yields a pattem of low density, decentrolized
davelopmeant whara the resultant cammunity scats and distances batwean dastinatinng ranuires pareonal
automobile ownarship and usage, disadvantaging those who cannot afford it. Characteristic to this
pattern are prolific impervious surfaces that are costly to install and maintain. Plainly stated, the planning
and design of communities since the mid-twentieth century privileges cars, vans and trucks, bowing to
their parceived convaniance and parpatuating a culture of mono-modalism. This reality has economic,
social, and water quality consequences.

INTRODUCTION



The cost of maintaining axisting infrastrocture and building new roads to support sprawling growth straing
municipal and state transportation budgets. TDOT's current backlog of approved but unfunded projects is
greeter that $6 billion, many of which cennot be considered for funding until 2022, and others that will

not he complated or undar contract until 2035 Many of the region’s citizans spend & significant amount
of their personal income on trensportation expenszes, while others in urban landscapes and remate rural
angas canngt afford an automobile or have no altemative means of transpartation, harming their ability to
atnass hasic senices, frash haalthy fond and amployment opportunitias™, Tima spant commuting and lost
in congestion could otherwize be committed to productive activities,

The ragion’s vast imparvious surfaces, their installation and maintenance regimes, and the disruption
of natural hydrologic cycles by the sprawling footprint of an sute-centric development pattem create
a disproportional volume of contaminated stormwater when compared 1o compact growth pattemns
supparted by public traneportation and conducive to padestrian mobility, Parking late, mads and gas

stations ana all hat spats for non-paint source contaminants, Including petrochamicals and heavy matals,
that become mobilized in runoff and are eventually discharged to receiving streams, rivers and reservoirs®
Thasa imparvieus surfaces superheat runoff during hot summer months, raising the tempevature and
dacreasing the avallabla noygan of recaiving watars. The gradual dagradation of mad surfaces and their
hydrocarbon bindars, as well a5 the processes to repair and replace these surfaces, ceuse additional
water quality challanges.

Serving the transportation needs of existing populations and that of the region and the stete’s projected
population growth is vary much at the centor of SETD existing water quality challenges, future water
quality thraats, and potentlal watarshad health salutions. Praactive thinking, stratagic fransportation
investments, and creative planning and development will be necessary to mitigate these challenges
throwgh a more compact, transit-griented devolopment pattern supported by o dvarsity of complementary,
afficiant and clean transpartatinn optione



APPROACH

Opportunities to yield additional capacity from existing road and rail infrastructure must be realized,
altemnative grgwth pattams with reduced hydrobogic footprints must become maivstieam, and the
anacdotal parceptions, special intarest influances and ragulatory impadimants that delay or pravent
progress towerds these ambitions must be overcome,

Some propress is baing mada. Chattanonga and Cleveland hath aparata bue trangit systame, and
discussions are angoing regarding the possibility of light rail in Hemiltan County® Flexible ride-sharing
gorvices fike Uber gnd Lyft are becoming mora popular and expanding their reach within the region, and
the papularity of tha ragion's grasmways ara evidence of 2 damand for safa and comprehensive bicyels and
pedestrian networks® The popularity of the healthy lifestyles efforded by dense, mixed use development
pattems is supported by demographic trends, urban housing demand, and succossful redevelopment
initiativas in Chattanonpa™ and alsawhars arund the ragion. Howaver, thess s much wiork to ba dana.

If the regron &5 to realize o future whene denser development pattems with a reduced hydrologic

fantprint are poseible, stratagic planning, visioning processas and maaningful investmants in altarnative
tranzsportation, padestrian mobdlity, and walkeble communities must be made todsy. A vision for 8 diverse
mix of transportation options oporating at multipla scalgs, devalopment, pattems that catalyze thair
succass, and policies and incentives to craata vibrant, livahla urhan centars must ba established, pursued,
and uncanditionally supported. Establishing this vision and taking incremental steps towards its full
readization are the fotus of the strategies in the following section, Such ivestmants today will position
tha ragion far an economically compatitive tomorraw that bs praparad to connact to future intar-ragional
transportation systems and attract populations and businessas that are seaking the quality of life
provided by connected, welkable communities.

compkts stisete

BCcasgible vansin siopd

The territories identified above include those landscapes where the following waler quelity improvement
strategies may be implemented,
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GUIDING PRINCIPLES

CONMECTIVITY: Equality of Access
* Toconnect rural and urban areas efficiently and reliably
To expond opportunitics for ol communmtios thiough easily sccossible ond affordable
transpartation aptions supparted by intercannactad roads and pedastrian natwnrks

MOBILITY: Intellectual and Economic Moverment
To facilitate the spread of ideas and oxpertise
+  Taodistrihute ponds and servicas manes fluidly
* Toenable efficient access to economic opportunities

INTEGRATION: Ecology in Transportation
+  Toincorporate ecalapical processes in infrastructurs approachas and maintenance regimes
* Touse vegetation to improve the environmental guality and ecological performance of
transportation roules

SHARING: Re-envisioning Place-making
*  To use existing infrastructure for implementing innovetive sofutions and cepacity
maximization
To maintain @ critical eye toward the effectiveness of existing conditions

STRATEGIES FOR CHANGE

EMFLOY REGIOMALTEAMNSIT

A repional transit systam that offars divarsa
options accessible to all can bring more economic
and intellectual oppartunities to the region

IMPROVE PEDESTRIAN + BIKE ACCESS
Attractive, environmentally-designed pedestrian

and bike-frigndly spaces ina city or Lown con

[mprava peapla’s haalth and suppart dense

urbanism

DEVELOP VIATOD SITES
Transportation investments at strategically-
ealectad sitas craate a framewark for future

communities with reduced hydrologic footprints

ADCOPTSHARED SPACE

Wiaw Lransit Zones may reconcoptualize
traditional modals of urhan stragt dasipn and
create environmental and socio-economic
opportunitios

STRATEGIES + PRINCIPLES T




GUIDING PRINCIPLES

CONNECTIVITY:
equality of access

Regional transit hag the potential to connect communities across the region. Regional transit systems are supported by relisble
local transit systems such as park-and-rides, shared bikas and automabiles, pedestrian routas, and bike lanee. Incraasing options
that suit all socioeconomic profiles can create a strong network of connectivity throughout the region, making mobility more than
gimply about a person's accees to a private vehicle,

MORBILITY:
intellectual & economic movement

Incraasing aptions far transportation madas, anhancing connactivity natwarks and improving system rasiliency keaps peopla and
ideas moving efficiently throughout the region. This allows for greater time utilization and productivity maximization, enhancing
the econgmic competitiveness of the region. With efficient and reliable transit that conngcts compact, vibrant communitios, 21l
residants can have aqual accass ta basic aconamic appartunities, and commearce can thrive in naw and innovative ways




INTEGRATION:
ecology in tfransportation

On many routes today, rights-of -way support limited biodiversity due in part to DOT maintenence protocols and design standards.
Redevaloping transpartation comidors 85 expansive ecological comdors can improve water quality by absorbing and filtering
runaff, whila providing valushle habitat as wall as shade to raduce the heat island effact, enhancing comfart for padestrian and
bike traffic. Incorporating ecological centers at TOD sites offers habitats for wildlite that travels along these new eco-corridors.

SHARING:
re-envisioning place-making

Asida from straats with sidewalks, many transportation corridors sanse a singls mods of transpartation, and tharefora may hava
latent capacity due to infrequent use. By safely integrating multiple modes of transportation into shared rights-of-way, such as
integrating pedestrian thoroughfares within railngad and riparian cormdors, new primary routes can be established for altemative
transpartation and capacity maximization can ba realized for atharwisa underutilizad infrastructuras

STRATEGIES + PRINCIPLES
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PRINCIPLES & STRATEGIES

COMNECTIVITY

MCBLTY

SRATION
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SHARINC

EMPLOY

REGIONAL TRANSIT

Regional transit provides a variety of relisble and
pecessinie options connocling communities agross
tha rapian

INCREASE PEDESTRIAN
+ BIKE ACCESS
Providing communities with routes for walking and

biking i an important conngctor batween transit
stops, commaon routes, and final dastinations

Quick, convenient transit throughout the region
facilitates the sharing of ideas, goods, and services
far the benefit of the preater intellectial and
business commaanity.

Businesses often are located along transportation
routes, Walking or biking increases exposune to
commarce, huilds patronage and encourages social
engagement.

A regional transit system can reduce the amount of
inpervious surfaces and stormwater runoff, opening
oppartunities for ecalopical corridar prasarvation and
regeneration.

Pedestrian and bike routes can use planting
strategies to astablish vagatatad corridars and
buffer zones that improve air quality, manage
stonmwater, and protect water resources.

Rethinking the functional capacity of infrastructure
rightg-of-way for regional transit reduces the need
ta Incate new routes, maintain axisting ones, and
mitigate existing traffic issues.

Identifying prime locations for pedestrian and bike
access can improve traffic Nlow within cities and
pravide altemative transpoctation for suburban and
rurgl areas.




DEVELOP

VIA TOD SITES

Cantralizing businessas and housing will raduce
sprawling urban growth and promote local transit
cannactions,

ADOPT
SHARED SPACE
Henw transit zones can facilitate a new perspactive

about connectivity between communities and the
repion’s lang-standing auto-cantric view of traval,

By investing in transportation nodes and providing
a combination of regional and local transportation
options, users may have better access ta urhan
centers and other communities.

Maximizing the efficient use of space and
connections to goods and services, via adapted
vehiclas and madified streats, can halp city centers
to flourish.,

TOD sites can support a more efficient use of land,
a reduged hydrologic footprint, and adapt existing
infrastructurs to mare contamparary standards of
transit and livability.

The engineered ambiguity of shared spaces has the
potential to keep users conscientious of each other
and their safety.

Combining commercial and residential transportation
networks can cultivate smarter, Socig-econpmic
prowth in rural and urhan areas,

Erasing convantional houndaries can create a
safe, singular plane for pedestrian and vehicular
mvement.

STRATEGIES + PRINCIPLES




HYDROLOGIC BENEFITS
An afficiant regional rransit system with rail, bus, and ride-sharing promores compaet prowth, reduces
impervicus surfaces and assoclated non-point source polfution, and enables traditional righlz-of-way to

serve gs coo-corndors, Ecoreddndars along pedestrian and buke rowtos improve migrg-gimate conditions
thar otharwize would have scharsa affacts an water quality and human haalth,

@O

TOO SITES

Baginning as park-and-rida
stops, these transit centers
provide botter occess

ta urhan cantars whils
Encowraging sustainable
dovelopment in rural groas.

REDUCE
INDEPENDENT AUTO
Placing 2 praatar amphasie
on public transportation can
halp to reduge the amount
of traffic on the road,
decreasing congestion and
grtending infrastruoture
life cyeles, Similarly, ride-
sharing can reduce the
number of indwvidual cars
while sustaining availahility
of transportation.

AUTONDMOUS VEHICLES
A5 driverless cars become morg
comman, desipnatad lanas can
help maintain & continuaus flow
of traffic separate from driven
vahiclas. Widespread usa of
linked, sutenomous vehicles is
anticipated to reduce the nood
for expansive parking lnts and
reduce trafiic, ellowing road
fights of way Lo be rearganized,

RAPID TRANSIT LINE

Buses often provide transit
within the city but can
alsn he incorarated int
regional transit. Converting
the shawlder o ono lang 1o
a hus-anly [ana will reduca
oversl| travel time and give
people more incentive 1o
rida the bus



EMPLOY REGIONAL TRANSIT

A widereaching publlic transit system is important Lo the region mot only for its ability to raduge automobile
pallutien and imparvious surfaces, but also to increase acceesibility hetween cammunities, tha mohility
of its citizans, and future economic competitiveness. The SETD region is made up of many smell rursl
towns, Providing these communities with an eagy way to reach population and employment centers thiough
reginnal transit natwarks can open aconaomic opportunitias that might atherwica ba Inaccessible. Providing
@ diverse ecosystem of on-demand trensportation options within communities encourages livability and
affordabifity of dense, walkable communities. Transportation today |s primanly independent, people rely
on individual rasoercas to maove around the repion hecause shared options ara limitad in reach, parcaived
to be unsale, or considered unrelisble. State and locel trensportetion budget limitations, amplified by
regional growth projections, require that the capacity and life-span of gusting infrastrugture be extended.
A functional replanal transportation system, suppartad by diversa Incal transportation aptions, can make
this incresse in cepecity possible while catetyzing compact growth and vibrant walkeble communities with
a reduced hydrologic footprnt.

INFRASTRUCTURE
RUNOFF

Reducing impervious trangit
Infrastructura improvas
runaff conditions, mitigating
resks of urban flash floodng
and decraasing tha amount
of vehicular pollutants
washed into stream and
lake acosystems™

CONNECT COMMUNITIES R_IIJE SHﬁRFN_E
Rail provides quick, Ride share services such s
ffigignt access botween Liber @nd Lyft offer fexibility

communities, a5 wall 28
throughout them, Thus
local and regional rail lines
ara impartant alamants

of & new tranzit plan,
pogitioning the ragion 1o
poannact to futurs inter-
regional high-speed reil
infragticiures.

of traval without the nead to
own and maintain 8 vehicle,
Bike shargs offor this same
access and flaxibility

BIKE + PEDESTRIAN
Lacal trangit plays avital
role in regional transit as
people need safe routes
hetwaan transit stops and
their ultimate destinations.

EMPLOY REGIONAL TRANSIT
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REGIONAL TRANSIT PHASING FLAN

Existing infrastructure primarily supports sutomobiles via interstates and highways. A phazed approach to developing & regional transit
gystem can facilitats the deployment of bicycke and pedestrion notworks, buses, greonweys, blusways, and eventually light rail as demand
and population density incraasas. Litimarely, the fifth phase of this propasal realizes one patential visian for a raginnal transpartation systam
that iz highly connected by repid, efficient, safe, dependsble, and equitable transportation, positioning it for connecticns to larger interstate
and inter-regional rapid transpartation networks. This particular phasing plan was a studio project done by a student speculating possibilities
and appartunities for & phasing plan in the region.
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IMPLEMENTATION TERRITORIES

Complete Maw infrastructural and rparian comidars can connact rural and urban communities, pramating the
Creeks + Streefs growth of commerce and access to employment opportunities.

Rapid Bus Transit Prigritizing affordable public transportation on the reed and changing mathods of farg collection
can raduce many of the dalayvs superiancad in convantional bus systamei®

Ride + Bike Shares Estahlishing carpoaling, car sharing and cycling systams can aass rad conpastion and lassen tha
emission of automotive pollutants in urban, suburban and rural communities™

Railways Yacant or degroded raitway mfrastrugture can be reactivated to become multi-modal comidors and
activa fraight linas can ba racalibeated to accommadate commuter traffic

Rural Highway ROW Rural highwaye are axpansiva and typlcally undanutilized, but can be reteafittad ta includa rapid
transit bus routes az well a5 aflow saler travel for pedestrians who choose to walk or cycie.

STAKEHOLDERS

local planners T —

e B R X

sistain transit nptions

it cpralin — Svcate 10 legislatars for
{individnlty) 2 2 —_— . TN ey B P ErEAspotstion funding

wrk to makn public transit foea and state DOT [ Mﬁmm Eatwten
easiny tn umn, safer, moen atvocats s provide Tundng FUF B COMMURties

affedobie, ord mom relisbln w Euppoi® Tor mudti-modal rensit e
8% & handamenial aspect of |I:I'|'I't‘
'm‘rgelra‘-amtal.-m planning coavniraly manbars

woine intrrest in
transportation options and
utilize those services to

@ﬁq& mruce relinnce on privabe
' mainr vehicln cwmership

T
=-:===:
!m.:;::'f:.ﬂ? state lepisltors
SUPPOM ahd propose
mrlﬂir.::'r:: :-::m: JegisIBion Tt enshles e
regioral nevtwnrle of multi- & ity of public
madal tronsit nptions WEASit optiong
ANTICIPATED CHALLENGES
Perception Cultural perceptions of public transportation safety and efficiency prevent widespread use. A
Service Area Expanes of axisting devalopment can limit tha ahility to provide sendce to all citizens ecanarmically,
Commitment Long-term success requires investment endurance in the face of criticism and challenges.

Legislation State budgets and rogulations™ limit local suthorship of transportation systems,



TACTICAL SITE INTERVENTIONS

1 axpresses, mapping and GIS data cen be used to identify current commuting patterns. This data can reveal where and what type of
trangat options may bo successful. Figwes 2-4 show ways that ourmgnt, systems can make incramental improvements, fn areps that
[ack public transit options, ride-sharing programe can be intraduced a8 an aption for reginnal traval Figure 2 15 an axampla of a park-ride
location. Figures 3 and 4 are two different tactics used to imgrove existing systems and incresse ridarship by meking it easier to use the
transportation, One way is o make curent bus stops and transit stations morg accessible, safe ond comfortable fke the stop shown m
Figura 3. Flgura 4 improvas accassibility differantly by providing commuters with a mare afficient payment method

PRECEDENTS

Ht Southeast Tennessee Rural
& Regional Transit

8 2016 (phose 1)

This service is offered by the Southeast
Tennessee Human Resource Agency as
a way to improva rural mobility within
the region. The system provides mass
transportation service to 9 counties
in  southaastarn Tannesses, Originally
aimed towards providing seniors and the
disabled with accessible trangportation,
this sarvice is now available to all
community members.

In responge o increasingly congested
roadways, this regional system was
created to serve the multiple counties

- that make up the Greater Seattle arga.

Y This natwark incledes multipla modas of
transit that work together to transport
peopla in, out, and argund the city and
it surrounding suburhs

EMPLOY REGIONAL TRAMSIT



HYDROLOGIC BENEFITS

Providing mara opportinitias for padestrian and ika traffic in hoth urhan and roral arsas radices the
need for impervious surfaces and their maintenance, 5 wall as lessening the amopunt of sulo pollution i
thg o and wator, Linmg these routes with troes and other vegetation mitigates runoff and temperature
axframas

@ D

RAIL TRAILS RURAL HIGHWAY R.O.W.
Graanway trails haside COMPLETE CREEKS Some rural roadways are
functioning railroads or Lreeks and streams travel nirrow and leave little room
on former tracks serve thraughaut Lrban and rural for pedestrian access
aE COMMUTES FOUtES aress, =0 locating greenways Emplaying the right-of-way
because of their existing along thusn':r walarways can ond greating @ vegetative
connections between provide logical routes through harrier pivas padastrians a
camminities the region. Sae the section sater way to navigate rural

on *Ecological Protection” for roads.

miara Infarmation abaut this

concept.



INCREASE PEDESTRIAN + BIKE ACCESS

Complete Streets is ong palicy many cities ang using to create mane sustainsblo strectscapes that improve
starmwater stratepias in addition to strangthankng community, acontmic, and anvironmantal haalth ® Tha
proposed model serves as the foundation for the Complete Streets strategy as it incorporates vegetation
for water absorption and filtration, shade for reduced heat island offect, and bike ond pedestrian access
for lass vehicle traffic It Is critical to enderstand padastrian access as nat maraly providing physical
space such as & sidewslk or trail, but rather giving equal consideration to pedestrien comiort and safety
through shading, buffering from vehicular langs, lighting and adequate sizing, Likewise, bike langs should be
desipnatad an raadways, but can be madae safer by insarting hallards or vapatation batwaen bike and vehicle
lanes, The benefits of these vegetative zones extends beyond pedestrian and bike salety, providing multi
functional urban canopies, vegetative buffers and eco-cormidors that may intograte stormwaler mandgement
and flond mitipation faaturas in areas that typically exparence hiph amounts of runaff. Using vapatation and
other netwal festures to retain water cen reduce the need for costly storm drains and pipes that require
maintenance and ropair, and can lessen the risk of the damaging consequences of overflows and oods

=

N

P

URBAN PEDESTRIANS
VEGETATION BARRIERS Podastrians are attrected

BIKE LAMES + CYCLE TRACKS In addition to providing o wida sidewalks, and
Bigyclists should be provided vigible division and vegetation creates 8 mare
with shared accase or saparata protaction from vehicles, comfortable and sesthetically
bike tenes to make maotorists plantings along & rosdway plaasing atmnosphare ™
owire of thoir presence on the provide stormwaten Increasing pedestrian traffic
road. Shown hare [5 a lana sat infrastructura and shada CO [MOVE RCONDMIC
apart by 8 vegetative barier, cantrol for healthier surface prowth and tha health of the
which seperates riders from and water temperaturos community while reducing car
hath vehiclas and pedastrians dopendence and gongestion,

Supporting infrastructure ke bike
racks at destinations and repair
stations halp axpand hike cultura

INCREASE PEDESTRIAM + BIKE ACCESS



IMPLEMENTATION TERRITORIES

Bika rantal stations in communiting of varinue &izes can maka it easiar for paoplas 1o gat to thair 3
destinations without the need to own a bike or car.
Raiirood ROW Mary railroads are only used pengdically or are maintaingd for potentiol futvre vse, making them
patantial routes for pedestrians and hicyclists in tha intarim.
Rural Highway ROW Adding barriere or huffers on neral highways can make it eafer for paople ta travel thaough reeal
areas on bike or foot, incressing access to opportunities or resources in other towns.
Complete Streets Yaogotatod barmiers and slower traffic cen help make complete streots healthy and sofer forms of
transpartation in towns and cities ™
Complele Creeks Similar to completa streets, this multi-madal systam invites bicyole, pedestrian, and wildlife
mobility by enhancing the health and accessibility of natural corridors and networks.
STAKEHOLDERS
P
Eransit gprmtors
pffer safe aooessible
- — BECVILE 3 (vidE ‘""“'--q
e B AREPOMANIoN GARiond
A gt = for lonper Gstantes
e [y ) enliven pedestrian
P - = and bike districts
- - with CONSUmE
dleyelists, padestriong bicyckst sataty CppaTRiEs

+ mednrists

unibrestand raghts-of-sry ns wall
s ming ond maponsibilitieg of poramment officials

types of commuters ercornge noad diets
NOAEroit o panzadions aral perinstrinn-friendly
sporesor gvents that stroets, ond compaign
r— proemote: health and for comenenity support of
altrenaten trarspoettion et car dependency

ACOOmOdaTE pedestian sd

bike transportation theough site
planning. and sdvecate for broader
networics of these altemstives
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ANTICIPATED CHALLENGES

Many projects require the rearganization of historically auto-centric rights-of-way. A

Safety Education of rights and rasponsibilities of padastrians and cyclists is necessary to promaote safaty,

Commitment Long-term success is afforded by endurance of short-term resistance and challenges.

Safety and comfort are also factors that affect the usage of sidewalks and bike lanes.




TACTICAL SITE INTERVENTIONS

Thara zra many Inaxpansive projects that communities can undartaka to halp expand padestrian and kike culture. Theea includa lana diats,
which reorganize space sllocations to inciude bike lanes or side welks on existing pevenent surfaces through striping, a5 shown in Figure
1. Road diets recongider the extonts of pavemnents and roorganize the night-of-way throwgh more extongive and parmenent construction,
guch a& aliminating a traval lane ta provide space for straat treas and axpanded sidewalks, Inexpanciva bika infrastructures in Figura 2
include bike stands that enable cyclists to make simple repeirs and inflate tires, and bike recks thet permit =afe bicycle storage. Both help
gwiroome comman ebstaclos that can otherwiso deter ridership, Mony communities have edopted Opon Stroots events (Figure 3) that
tamporarily elnsa thoraughfares to allow padastrian activity anly, and Community Bike Rides (Figure 4) that heip ovarcoma anxiaty about
urban bike ridership and increase vizibility of cyclists to motorists.

PRECEDENTS

Market Square is a pedestrian-only plaza
in downtown Knoxville, Bucking tha 20th
cantury cannon that padestrian malls
are not economically viable, this vibrant
urban space is free of auto obstructions,
creating a safe arsa that invites foot and
bike traffic from all over downtown. The
space also plays host to special evants,
including a farmar's markets, mavias
and concerts, which draw even maore
pedestrian traffic and economic activity.

Y R oD

Whitwell Multi-Modal
Whitwell, TH

The purpose of this  grant-funded
project is to address the neads of non-
matorist users including pedestrians
and gyclists. The project will add 4,850
feet of sidewalk along rural Highweay
28, thereby increasing connectivity and
accessibility along the comidor, and
hapinning to prenide & delineated zons
for pedestrians.

IMCREASE PEDESTRIAM + BIEE ACCESS




HYDROLOGIC BENEFITS

Transit Oriantad Davalopmant enhances regional watar quality thrauph its walkshle, compact form and
reduced stormwater foolprint compared to altemnative growth pattems. Higher population densities support
the sugeess of locsl commuter trangit systons and regional networks, reducing congesHon and domand
for the axpangion and maintanance of roads, parking fots and other auto-cantric surfaces and sarvicas,

HO@®@

BAERRRAN

TOD STATIONS
RURAL TRANSIT Both rursl and urien
Communities located stations must be casly
gulsgide yrban conters ang accassibla, wall-lit
mare likaly ta hava halow- and edhere to relisble
average transit services. schedules ® Those sites
A rogiongl fixad-ioute bus pradually avolve aver time
transpart wiuld incraase 83 park-and-ride stops and
ecanamic connectivity and urbanizing TOD distriots
ga5e highwoy congostion, as populations grow and

transit modes expend

acoordingly.

URBAN DENSITY
Densely populated, walkablo
naiphbarhnads apgragate
arcund new tranzit stations,
incroasgng ridershap

and transit wiahility,

Older transportation
infrastructune provides
appartuaitias far novel

and retrofitted commuter
pottenms,



DEVELOP VIA TOD SITES

Transit Orignted Development (TODY* sites are @ coordinated investment of transportation and land use
projacts that offer a range of economic and housing opportunities, a5 wall a5 a mara afficient use of
lend and existing infrastructure. TOD resists sprawling urban growth, reducing the need to commute long
distences by providing better sccess to education and business. A phased approach Lo TOD development
allmes sites stratapically selacted for their proximity to populationg and futiurs multi-modal transportation
infrastructure to be transit-ready before they are transit-oriented. Regional bus trensportation stops and
park-gnd-nde fagilities at these sites increase their utiization and the wisibility of surrounding properties
through Increasad traffic ftom rural and suburhan users. This Increasad activity can stimulste aconomic
gxchange betwaen rursl and wban networks, ensbling the site to gradually evolve into compact, mixed
use developments as imaestment in publlic infrastructure gaing the interest of private partners, Parks and
graan epaces within TOD projeces will provide visiters and residante with lively patharing spacas that
can &lso reduce and trest stormwater runoff. Successiul TOD projects can ectivate economic Bctivity on
adjacent sites and expansions of regional trangportation systems, thus catalyzing opportunities for new
T00 projacts and econnmic prowth
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AFFORDABLE HOUSING COMMUTER RAIL

URBAN PARKS PARK + RIDE 10D sites not anly Aitvanced roil will address
Urban parks creato a Swathe of green space contribute lowor tha ragion's tranapartation
BENEA nlrasp!ts_and £ncial masximize the relationship et and accaseibls requirerments whila
:3::1’:&!‘“‘ "'"m'?““":t hatwean land uses and housing, but also reduce “"mf?‘"ﬁﬂi“? S'fi':'i““h'“

e rovide a range of formil i i an growth. A madern
many saek from cuburhan :ﬂd informal :?!Lhcriﬂg ag::ﬁ;m;“ffﬂ:::;" cammuter rail service will
communities, ennancing spaces. Thesa amanities of housing types provide reinvigorate an underutifized
quality of life far TOD can double s transit nodes | increased housing choice transportation resaurca and
rasidents, Theea parks fior park-and-ide or other and living stylas for a ranpe attract new riders from @
should be stratugically incentivized commutar of family types. range of communities.”
distributad and perform 2 parking facilities.
range of functions, including
stormwater management.

peveLor via Too sies |



IMPLEMENTATION TERRITORIES

Urban Cenlers Compact, mizad-use developmant can imipnrats axisting urhan centars and stimulate new 3
irvestmeants in housing, jobs, shopping and recrestional choices.

Transit Stations Co-location of trangit hubs for bus and rail transit can increase trangition efficiency o individuals
within the community can batter walk, hike aor take public transit to their destinations

Vacant Lofs Positinning vacant and undarutilizad parcels that are adjacant to hug or future commuter rall linge
as future TOD sites can help davelop 8 sense of community and stimulate investmant.

MNeighborhoods Populations in suburbs may assume that an sute-centnc londscapa is the only option, but they con
he educated about tha efficiancirs and lifastyla benefits of altemativa modas of traneportation

Rural Transil Planned park-and-rides, bus, and rall can aim to provide roral areas the opportunity to becoms more

connectad to the resources smd economic opportunities in urban areas.

STAKEHOLDERS

ISt in TOD earty 1o
pstablish clignt base and
and walkabdity 1o capinalize on density of

potential patrons
cieate demand for 100 lh'ltdrﬁ.lmmd

commisities that hve

100 potential

"*-,
‘“m.

vest mmemmu povetnmant officials -..__H
existing o planned NGO g aned inCentivize \“‘\“
transit boenectien points Uil oriened developenent
thak hie potential for Uhwough land wse and "--.,__‘_
-:mm nmwanf Usnaportation planneg

ANTICIPATED CHALLENGES

m Funding TOD projects requires investment from multiple public and private sources. A

atvocate Tor ransit

Zoning Current codas may not allaw for mixed land use and density needed to suppart transit,

Collaboration Success of TOD sites is dependent on a synergistic relationship between development partners.

Fragmentation Ideal TOD sites contain small parcels and multiple owners, requiring acquisition and consolidation.




TACTICAL SITE INTERVENTIONS

3, . e

Davelopmeant at TOD sites vary depanding an the gnals of tha individesl communitias, which means that sach TOD site is unique to its
location. There are simple intervanticns that can be implemented in various places without necessarnily adding infrastructure. Figure
1 shows o rendenng of development argund o light rail station. Ma-use dovelopment could include mikad-income housing, retail and
commarcial strips, and office spacas for employmant opportunities. Having this type of davelopmant fabeic around stations reliaves
residents of their dependency on private cars. Attracting pecple to the aras can #lso be done without building permanent infrastructure.
Pop-up plazas and park can Womporanly acheeve the same benefit a5 cafés and shops, Figure 2 digplays a pop-up market near moss transit
options. This can ha dona near existing stations and stops to Increase rdarship and capitaliza on pedastrian traffic

PRECEDENTS

Hamilton Springs

Poised to be Tennessees first TOD
Hamilton Springs is a neighborhood built
in anticipation of a new rail station. One
of the objectives of this project is to
provide commuters with an altemative
to suburban living and driving on
congested roadways, by making transit
available within walking distance of
homas, shops, and businessas of this
vibrant district.

MLE Rail Station
b Avstin, TX
0

Prior to this rail station being built,
the surrounding area was sparsely
developed. The station stimulated new
e z Conomic investrmant in its immediate
LT 3 { proximity and is now the center of
i e mixed-income housing while providing
affordable commuting options for the
district’s residants

DEVELOF V1A TOD SITES




70

Sharad space reconfipures fraditional strear faanras o mange pedastrians and vahiclag antg rhe same
plane. By exchanging curls, traffic lghts, and road markings for & wide open street void of diztinct control
dovices, veticulay traffic is reduced and pedestian safely is prionitized, enhancing guality of fife in dense
districts with a refuced hydrofogic faotpant
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PEDESTRIAN
STANDARD SIGNAGE TRAFFIC CONGESTION VULNERABILITIES

Traditionad traffic
repulatinng depand on
distinct zystems of traffic
lrights, painted signage,
sidawalks, atr, that can

and separate users from
mwning a sensa of persanal

responsehility for safaty.

often mislead, malfunction,

Traffic is & costly
inconvenienca for the
raginn's aconamy, Dutdatad
transit systems and erodad
infrastructung increase the
prabability of danparous

accidents.

Heavily uead roads ara
difficult to outfit with

ko lanes and extanded
sidawalks, Ratrofitting
infrastructure according to
stonderd traffic protocol
will nat prinritize padastrian
travel or their safety.



ADOPT SHARED SPACE

Shared Space®™ is an innovative uiban design concept thal creates a safer environmint Tor pedestiions
and matarists in steategically sslected Incations in cities whers intansa padestrian activity and transit

traffic iz anticipated or desired. it is reslized by eliminating read markings and traffic signals typically found
in uran rights-of-way — the effectiveness of which depends on the coordination of trovelers who must
ahide by the rapulatione sat forth along the road. Dutdated Infrastructurs, increasad conpastion and the
introduction of multi-modal uses have compromised the safety in urben streetzcepes. Layering signege on
mcreasmgly bugy roads can create confusion and separates vsers from their respongibility to observe of
raspond to hazardaus situations. By marging tha sidewalk with tha road and arasing conventional sipnals,
uzers can instesd find themselves in & cautious and conscianticus transit flow that privileges pedestrians
and digoourages thrgugh traffic ™ These efficient and vibvant spaces can facilitate healthy lifestyles, social
intasactinn and anable compact livable commanities with reduced hydralogic foatprints and apportunities
for innovative stormwater management strategies. This strategy aims to mitigete auto-dependency &nd its
associated water guality impacts,
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PARKLETS

Parklets are small open
spaces that capitalize on
starafrants, curh adpes, and
plaza vecancies. These are
opportunities for a range

of lvaly programs that
contribute to visitor and
residents experionces alike,
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REQUESTED TRANSPORT

An on-dernand vehecla can

he availabla for pareans with
dizsbilities or any pedastriens
roquiring walking aid within the
sharad spaca zone. These vehicles
will replace the cars cumently
orgating gridlocks and dolays,
introducing & mare sustainabla
traffic flow that improves
gonditions for cychists and
padastrians 2

NEW BOUNDARIES

Shored Speco will exchange
standard signage and heavy
vihicular traffic for a mare
onvirgnmentally friendly
arranpemant that prioritizes
pedestrian movement.
Erasing curbs and merging
tha sidawalk with roads will
llzw personz to experience
zones of social raspect and
negotiation.

-
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EUS TRANSPORT

Bus transportation

will provida access to
communities loceted
outside of the space and
hecome tha principal
movemnent within its
boundaries.

ADOPT SHARED SPACE [T



IMPLEMENTATION TERRITORIES

Campuses Campus prototypas can introduca sharad space concapts in 2 contralled anvironmant that already 3
has high pedastrian concentrations and reduced vehicular traffic.

Downtowns Urtran commercial sectons possess regubar eycles of pedestrian and motorist congestion that can
infarm shared space projact plarning and dasipn.

Residenfial Areas Naighhorhaads or residential areas of slower traffic can adjust to chanpes in curbeida and slgnape
while maintaining communication between pedestrians, cyclists and motorists.

Urban Parks Integrating rocreational urban parks into shared space can viswolly Signal angas i which thera is o
cross-over hatwean padestrian and vahicular movamant

Waterfroni Graanways and ather public space along rivars and lakes can nat only create areas for panpla to
gather and hold events, but also bridge connections to water transportation end recreation.

fransi! oparalons
nfier corvenipnt

= ¢ ; alternatives tn private

LA R . :

B i \Hvr*ﬁ.hﬂlmrhng
\ smvice inside and outside
underitand dights and
of shamd space
tesponaibililies of understand rights and
iving i shateil pace responshilities of unng
shientl =pacn
T

Ideraify arent win
poténtinl 10 become &

shaded 5pale
povarmment oificiais

adopt nedinances that
iitizn pedestrinns
noed imperren: saduty in

shaned rights-nf-smmy
ANTICIPATED CHALLENGES
Perception Perceived safety may temporarily be lower because of the lack of traditional space separation. A
Investment Parmanant gharad spacas require tha raconstruction of tha streat,
User Responsibility All users of shered space must ohzerve the rights of other user groups to ensure safety.

w Projects aim to make streets less auto-friendly and may be met with upfront resistance.




TACTICAL SITE INTERVENTIONS

Foed B e 3 Pariiet Preg P, & Curd i

fina of the higpast harriers to implamenting & project of thie scale is users’ pracanceptione of how a streat should look and function
Figures 1-3 are interim tactics that can be tempararily used. These temporary projects allow users to experience shered streets whila the
organizers and designers cen leam from behavior and responses. Short-term sidewalk widening (Figure 1) can be implemented by simply
putting up harriers in tha road to creata mora epace for pedeetrian traffic. Temparary road clngura is another tactic that pives pedeetrians
and cyclists more sccess to streets and roadways. This type of event could help raise support end awsreness for shared streets and
spages. Parklets ang gnother project that can be vsed 95 a temporary or permanent nstallotion to alter space usaga, In contragt, ourb
alirmination (Fipure &) is a mora lasting tactie that opens the space to mueltiple uses and hlurs beundaries batween traditional rmads and
sidewalk surfaces.

PRECEDENTS

Street

The project involved converting three
blocks of this busy street into 2 shared
streat that prioritizes walking. The road
was elevated to eliminate the curb and
pedestians are allowed to cross frecly
at any point, This even leval allowed
the entire space to become wheelchair
accessible. A new ordinance has also
given padestrians the right-of-way ahove
mataorists.

Downtown Eugena
Eugen

Woonerfs arg living spaces that give
priority to pedestrians and cyclists
Projects such as this one in Oregon
arg the opposite of most traditional
streats in Amarica, Tha strast is meant
to function without the delineation of
spaces, Users are forced to be awang
of thair surrsundings and of other usars

ADOPT sHARED sPACE [EENIEEIR
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A tributary from Georgia feeds info Nickajack Cove on the Tennessee
Fiver near the Georgic-Alabama-Tenngsses fing.




ECOLOGICAL PROTECTION

An acosystam consists of living plants, animals (including humans), and micronrpaniame, the physical
environment that they inhsbit, and the interactions betwaen them. The biotic life within an ecosystem
sorvis different yet mterrolated functions such o5 production, consumption, decomposition and
pollination. Thesa functions ans foundational to regional agriculmueal productivity and natural wates and air
filtration, The integrity and health of the physical environment, which includes the atmosphere, weather
and climate, the soil or geologic substrate, and water resources such os croeks, Stremms, rivers, fakes,
watlands and aquifars, is inaxtricably connected ta the health of an acosyetem

The Southeast Tennessan District is a mosaic of naturally-formed landscapes and culturally-formed,
developed environments. The region’s mountain ranges, karst features, ridges and valleys, waterways,
and fertile floodplains have enabled the settlement of whanized communities, rural and agricultural lend,
and infrastructural raserviirs. This dynamic landscape vislds a diverse tapestry of acosystem typas that
continug to sustain and banefit the region socially, aconomically, and environmentally.

Access to healthy ecosystems is a comerstone of the region’s robust tourism economy and the highly
sought-after quality of lifa available to Southeast Tennessea's residents and visitors. Thae region’s
resenvairs, rvers, streams, and forests are recreational venues for active lifestyles and adventure




appartunitias that appeal to residants, antraprensurs, and tourists alike. They also support & divarsity of
aquatic wildlife that is unrivaled by other North American river systems.®

Thesa rasaurces and the quality of life they provide are saupht after by savwy businesees seaking To
maintain and sttract & skilled, productive workforce, thus driving business (re)location decisions, This
quality of [ife was cited by executives os a deciding factor in Volkswagen's 2008 decision 1o logate its
nawast North Amarican opasation in the SETD reglon, bringing with it thousands of jabs and npportunitiss
for supporting businesses™ The heslth of ecosystems and water resources also effect the region's
ability to provide low-cost, safe drinking water, affordable material inputs to commercial and industrial
processes, and otherwise ahsorh new econamic development. Haalthy watar quality alsa supparts rafting,
fizhing toumamants, regattas, and other water-besed recreation events and the communities that host
tham.

Ecnsystams, thair environments, and tha bahaviars of actors within them complamant, influance, and
sometimes threaten the health and resiliency of one another. Often the nature and extent of the threats
posed by these refationships is most evident in the haalth of thiy region's water resources.

Monpaint sowce pollutants from urban and rural land uses conveyed by stormwater eggregate in regional
Sireames, rivins, and resendirs. Sediment from construction sites, agricultural fandscapes, timbor and
mining operations cloud watars, reducing visthility for sipht-feeders and inhibiting plant growth on stream
and river bottoms, Water temperatwre is influenced by industrial effluent, infrastructure tailings, urban
rureff, climate dynamics; the loss of ripanan conopy reduces life-sustaining oxygen livils, pormitted
dischargas from paint-sowurcs pollution compromises the stability of aquatic acosystams. Excess
nutrients from animal waste end mismenaged fertilizers trigger vegetative blooms that rob water bodies
of ooygen and outcompete other native species for limited resourcos ™ Wetlands and flood plains, an
anviranment's natural defanse againet water quality and quantity thraate, are routingly impactad, drainad,



filled, or atherwise consumad in the path of aconomic progress, oftan mitigatad with man-made watlands
that rarely achieve the same level of sustained ecologicsl performance 8z their indigenous counterparts.®
However, one exomple of a local suctesshul restaratien project is of the Oostanauls Crook in Athens,
Tennassae ™ Tha attantion to healthy aquatic environmeants within a devaloped area hava resultad in 3
better-functioning hydrologic system.

Enzuring the long-term health of the region’s natural treasures — including water resources — wag
recently identified a5 one of four priority initiatives in Thrive 2055, By recognizing the relationship betwesn
haalthy ecosystams and enviranments and the repion’s capacity for prowth, sconomic devalopmant, and
guality of life, the communities in the SETD will be positionad to advocate Tor water resource stewardship
initiatives that ensue the environment's long-tarm sbility 1o self-regulate end necover from disturbance
and climata dynamics

Though communities within the SETD region con boost successis in this regard, now technolegies, multi-
scalar cooperative apprnachas and contampacary conceptualizations of the valua of acosystams and the
sarvices they provide cen further inform the region's attitude towards traditionsl behaviors, infrastructure
approaches, and devalopment pattems. Such innovation and recalibration can steward the economic,
social, and amvirnmantal aszats that driva the region’s future. These idaas are at tha foundation of the
strategies for change proposed within this saction.

i communstisn teahaatnrs
pasture

husaith of inchetry
acuntie: life

The territories identified above include those landscepes where the following water quality improvement
strategies may be implemented,
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GUIDING PRINCIPLES

ECOLOGICALFUNCTION: Regenerative Region
+ To address pollution &t the source of the region's waters

= To protect the natural termitories ond hydrologic processes that powor ocosystom semvices
at multiple scales

NETWORKS: Natural and Urban
< T plan for efficient urban eapansion aloagside natural Lemitory
+ Taracngniza ecolopical intarcannectivity within and hatwesn whanized, rural, and
undeveloped watersheds

RESEARCH: Synthesis and Inncvation
+ Tnanpape with the anviranmant & 3 living laboratary
* Tolead new, progressive methodologies of data management and environmental
understanding

EQUITABLE ASSETS: Inherent Valuation
+ To prioritize water quslity in areas previously neglected
+  To share knowledge of water stewardship that promotes the socio-economic health of &l
communities

STRATEGIES FOR CHANGE

PROTECTHEADWATER LANDSCAPES
Stawardship of ragional water badias’ origing protects
diverse ecosystems and mitigates pollution levels being
conveyed Lo downstroam water resources and commnities

PROTECT, RESTORE, + CONSTRUCT WETLANDS
Protecting these threstened landscapas ensures
thenr ability to provide benofits such as pollutant

filtration, habitat craation, and flaod cantral

DEVELOP COMPLETE CREEKS

The concept of Complete Crogks designotes watrways
that will pravide socio-eeanamic hanafits while
supporting river physiology and aquatic ecosystem heafth

GUIDE VIA GPS COLLARS

Using smart systems Lo manage livestock's use
of straams can reduce contamination, stabilize
stream banks, and ensure ecosystem function
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ECOLOGICAL FUNCTION:
regenerative region

& Lk e

Respecting the multi-sealar character and structural complexity of ecogystem networks reveals the dynamic, value-added
functions they perform as they transform energy and metabolize nutrients. Praserving the intagrity of these relationships
and mitigating urban impacts on the landscape will ensure the ecological health of the region's water bodies, their ability to
repanarata from historic challanpes, and thair capacity for rasiliency to future thraats

NETWORKS:
nclturgl md urban

— . ; itk I
A naw narrative of interconnactivity batweaan natural landscapes and uhan tarritory has emergad. Through spatial planning,
wrbanized communities now seek to incorporate ecological systems that were previously distinguished as separate territories
with competing intenests, This blurring of boundaries unlocks the productive value and potential of open space and living systems

as intepral parts of communities and urhan infrastructures




RESEARCH:

R = y oy
Scholars, non-profits, and industry in Tennessee and the SETD region continue to advance monitoring methodologies and invent
new, morg efficient tactics for preserving and ragenarating the heaith of aquatic ecosystems. By loveraging regional capacity and

continuing ta suppart and collabaratively eynthesiza thasa past successas, tha ragion can [aad the state and the nation in water
TESOUTCES Management, research, and innovation.

EQUITABLE ASSETS:
inherent valuation

¥

Watershad stewardship intarventions have inherant valuas that 2ffact the entirety of tha ragion ragardlass of the cultural ar
socio-economic context in which they are implemented. Water quality initiatives and investment priorities should be driven by
needs in the region and their potential to maximize benefits to regional water resources. This enables an equitable distribution of
capital resources and axpartise, delivering value-added projacts to rural and urban communitias alike,



CONNECTING

PRINCIPLES & STRATEGIES

PROTECT HEADWATER PROTECT, RESTORE, +

LANDSCAPES CONSTRUCT WETLANDS

E Protecting spring-fed streams and creeks and othar Ensuring the presence of wetlands, one of the
] waters ot their source ostablishgs a higher standard mpst biologically fragile and diverse goosystoms,
ot of watar quality and aquatic scosystem haalth that pramatas natital watar filtration for improvad
ET henafits downstraam watars and communitias immadiata acasystem function that axtends to
across the region, surrgynding habitats.

]

2 :E} Regulating downstream ecological impacts of Ecosystem services provided by wetlands —
z pollutants from households or industrial processes preserved, restored, or constructed — benefits
E rastricts the spraad and accumulation of pollutants natural landscapas, rural communities, and urhan
- to connected landscapes throughout the region. centers, necessitating consideration of their

congervation and inconporation into community
planning and design.

e =
:5: Monitoring the ecological health of this critical water Sensitive and dynamic wetland processes can be
< hody type leads to pursuing new methodologies of maintainad through manitoring programe, sxisting as
ﬁ presenation, protection, and raganaration. living laboratories for new ecological discoveries and
. innovations.

4 E Technology and capital investment may Disregarding negative cultural context of wetlands
"L disadvantage some rural headwater communities, enables promotion and protection of these
H hut acknmwledging their aqual stake in watar acosystams for thair natural filtration procasses and
é: imgacts and protection reprioritizes and empowers sustenance to wildlife.
& these areas.
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DEVELOP

COMPLETE CREEKS

Enriching vapatative stream huffers whils
ncorporating foot, bike, and boat traffic ina
minimally invasive way reduces transportation
pollution, encourages natural Ecosystem dynamics,
end raises awareness and protection of stream
BCOEYSTAME.

GUIDE VIA
GPS COLLARS

Finer control ovar cattle prazing will allow usars

o identify and conserve specific ecological areas,
which function in reducing headwatar pallution that
ultimately accumulates in larger water bodies.

Stream corridors extending between urban, suburban,
and rural lpcations create ecosystem connectivity for
improvvad wildlifa navipation, acological function, and
non-carbon transportation benefits/access across
landscape types.

Protecting rural agricultural stream ecosystems
across the region improves the health of urban areas
to which they are connected,

Implementing new strategies such as Complete
Creaks is @ necessary step in progressing best

rmanagamant practices and undarstanding
anthropogenic-ecological thresholds.

Monitoring water quality at known sources of
pollution advances preparedness and Standand
protacal

Recognizing the ecological benefits of waterways
highlrghts theair importance, Drawing people to them
aducatas the community about this resource and
takes advantage of a natural navigable path.

Combined impact of individual farms adopting this
practice leads to watershed-scale water quality,
technological, and socioeconomic effacts.




HYDROLOGIC BENEFITS

Controfling housahald, spricuitural and industrial wasta pollurian in headwater aneas protects facal qualiny
of Iife amd mitigates downstream emironmentsl damage. nvestment in rparian buffers, site development
guideings, and waste mirasiruciung mainlgnance pragrams in headwater commumitios stewands focal

resaurcas and initiatas multi-scalar benafits
(5) (k)
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SEPTIC MAINTENANCE RIDGETOP DAMAGE
0id septio tanks must be Construction and mining have long
reasgassad and maintainad, | SEPTIC PLANTINGS impacted tho region's mountainous
Septic system companants | Shallow raoted planting landzcaps, Thess practicas have
degrade gver time and threaten | can prevent erosion over MENY NEgEtivE CONSEQUENCES O
ground and surface water | undisturbad soil and uptake downstooam wator (eSouroes,
resources.™ It is the responsibility | liquid from tha ground, including increasad runoff
of the gwner to moniter failing | ensbling the septic systemto | volume, sedimentation, and toxic
syetame and prevant untraated ' function cfﬁL‘iDﬂﬂ]‘.“ Blan lH\E pontarmination, ™ Thuu.g-n_ N
human waste from escaping into | native wildflowars will craata | repulations and best practices ars
the envirgnmant. | @ new habitat for wildlife in plece, proper enforcement and

| and support neighboring Mmaintendnee ang requirgd o ovoid

| acosystame nngaing water quality dagradation



PROTECT HEADWATERS + RIDGES |

The state of Tennessee has roughly 18,500 miles of streams that arg the orging of suface waters, which ;i 1
supply public drinking water systems, Ovar 50% of thaic valume comes from ephameral o spring-fed | { ~‘._i_ |
headwster streams.” These ecologically-rich water bodies aggregete to become the major river and lake

systems argund the region. Headwater streams ane commonly bocated m remote aneas with topograghically

challanging terrain, making it difficult monitor their health. The communities in which thay are located

may not heve the capacity, technical knowledgs, or political leverage necessary to properly steward them.

Mapping, asstessing, and supporting mitiatives and planning rameworks (o steward these landscapes is a

critical manauver that can pratact tha econamic vishility of thasa watars as quality of life razources for

local communities and reduces downstream impacts. By continuing to refine mining, forestry, residential

and gricultural waste managament, o5 woll ag site devolopment practices on ridges, hillsides and other

haadwater landscapas, tha impacts on vulnarable straams can ba minimized and managad

AQUATIC ASSESSMENT
Aquatic macrgmvartebrates
intain haadwater haalth by
RIDGETOP GUIDELINES T oo
Stronger planning and regulation :uz_summg Emr.'::s' cﬂnh'u!llng
RIPARIAN BUFFER enswres that any development, sedimentation and supporting

A Torested riparian buffer captures
gxCe5S nutnents, hamiful
contaminants, and sadimant
from creeks and streams.™ These
channels are further maintamed by
tha watar’s temparatura rapulation
from feafy shade and benks held by
| strong oot systems.

resnurca extraction, ar industrial
prectices conducted on ridgetops
and other remote landscapes

da limited damage to the area’s
sensitive ecosystems and the
wilel negourges they support.

|arpar lifaforme as food, Thasa
species are oftan the first to
perigh frpm fuctuations in
climata or toxicity levals ™
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IMPLEMENTATION TERRITORIES

Thaugh cantamporary farming practizas can raducs the water quality impact of agricultura, their
voluntary nature creates an ebundance of improvement opportunities on farmland near headwatars,

Heodwater Storrmwater and sanitary sewer infrastivctlungs in headwater communities are gspecially
Communifies wulnarabla ta laske and failuras dua to challenging economic conditions and municipal budgats.

ST Regularly testing the health of waters downstraam can revasl contaminant relaasas or laaching
{urther upriver.

Rura! Households Rural homis that rely on soptic tenks would benafit from botter scoess to the technical and
financial aseistanca to maintain and when possihie, upprada their eystems.

Lorge- scale Major £lta disturbancas fram mining, timbaring, and community development activities destabilize
Sha Dishrbonces suils, triggering erosion and sedimentation, uitimately disrupting natural bydrologic processes.™

STAKEHOLDERS

rual
local comaurties petorm routing mining + timber incstring
protect proimal waders MEREAEE o
ond advoeate for ciean Erites

mansgement
waitns rRsDUITRS ’.,.-—-—‘.“‘\ nd landscape reclamation
.

inform decision making

ANTICIPATED CHALLENGES

m Scale of headwaters can be intimidating, making impacts uncertain and discouraging action.

Investment Sorutinized investmants must ba justified and sustained to realize long-term hanafits.

Topography Steep slopes complicate landscape access and infrastructure implementation.

Remote locations and scale of landscapes con make guideling enforcenment difficult and ineffigient,




Headwater streams and thalr contributing watersheds are vital to the health of communitias and downstraam watar rassrces. Many
interventions ere preventative, such as effective planning and monitoring of devalopment in these landscepes, but there are ways to
address communities that may be most ot nsk. Developing a cntena for lecating these communities can help focus mitigation offorts
(Figura 1). In rural lncations that dapand on eeptic systems, compasting waste systams can reduce the passibility of groundwater and
surface water contamination by maintaining an aboveground, isolated system™ (Figure 2). Shallow reot plantings in septic fields (Figure 3)
are another way of helping septic systems porform at their best ™ It is important thet headwater communities (Figure 4) receme technical
and financial aseistance to ansure that their infrastructure doss not thraatan the health of pristing, lncal water resources ar tha broadar
regional water system.

This program emphasizes the importance
of maintaining healthy  streamside
zanas. A collaboration of arganizations
such as the EPA, Soque River Watershed
association, and private landowners, the
project has bean successful in restaring
eroding portions of the river. The goals
of the project include preventing erosion
#ong the river and dermanstrating the
cost-efficiency of prevention wversus
repair,

The Rio Grande Headwaters Restoration
Praject hagan aftar a study on the river
revealed the deterioration of the river
system. Projects  typically included
interventions  such a5 straambank
sheping and the creation of stabilization
structures 1o alleviate  sediment
Inading. The RGHRP has worked with
over BD landowners on fifty different
gites o successiully stabilize 11 miles
of straambanik;,




YDROLOGIC BENEFITS
Watlands ara particularly wilnarahla scosysrems becauss of thair interdependancy an the brosdar
biophysical region, Sefeguarding these landscapes vis mapping. spatial planming, construction regulation,
and regeneration will enswre thowr ability to filter oxcess putnents from the surreunding craviranment,

WETLAND PROTECTION
Site analysis, project design,
and construction should aveid
watland impacts and minimize

| runoff to nearty sensitive sguatic

ecosyslams. Watlands vary in scale

+ and anvironmantal performanca,

bt even small ephemeral pools
contribute 1o avorall watershed
health. Consarvation affarts and
thoughtful site planning protect

| theso voluabie landscapes.

i SITE DISTURBANCE

| Road construction and urhan
devalopment require soil

| compattion that Couses pacessive

| runaff naar watland systems

| Sediment lpads entéring wetlands

| due to unmanaged runoff from

| eongtruction sites ar apricultural

| land uses can degrade wetland

| hebitats, smother biglogically-

| active plant and debris surfaces

| that otherwize metabolizes

| contarminants, and reduce o

| watland's fload storage capacity.™

LININTENDED CONSEQUENCES
Evan projacts that includs

wetlend protection can cause
unintentional impairment,

Disrupting & watland systam's
physical connection and unseen
rofatignships to its surmunding
arviranmeant can lead to

scidification, eutrophication, and

| tarmestrialization,



PROTECT, RESTORE, + CONSTRUCT WETLANDS

Wettands include a number of habitat types with shallow, continuousty-inundated areas that support aquatic
lifa. They are soma of the repion’s most dynamic, diverse, and frapile acosystems. Thasa landscanpes are
velued far their resiliency to periodic fleoding and their capecity to filter runoff. Historic approaches to rivar
management, development, agriculburg, mining, and dam construction have consumed morg than halfl of the
Tennesean's tatal watlands theough parmanant flanding, draining, filling, and contaminated watar inpute ™
These water bodies have recently been acknowledged as critical habitats nationwide end are now protected
by the Clean Water Act, though Tennesses currently has no water guality standards specific to wetlands,
and mitipation proprame rarely result in healthy, parforming watland acosystems ™ Effarts by orpanizations
like the Tennessee Wildlife Resources Agency can enhance the effectiveness of existing enti-degradation
stondards, but now strategic pertnciships with lendowners that prigritize wetland preservation and
incentivize rastaration initiativas, in addition to the construction of multi-functinnal wetlands in urbanized
lendscapes and other novel temitones will contribute toward the recovary of the regian’s wetland rescurces.

WETLAND RESTORATION
Restoring the ecolegical
structure gnd function of
damagad watlands enhances
thair ability to provide watar
quality improvament, food
attanuation, and recraational
opportunity. However, the
protection of existing watlonds
I much mare cost affactiva
than restoration or the creation
of @ new systom

MITIGATION BANKING
Banking aflows for the
compansation af nagativaly
imgacted ecosystems in other
args, While this is eng way for
individuals to affsat unavaidahla
environmental damage, it is

an artificial exchange that can
he buraaunratically abusad,

and restored or constructed

witlands raraly achieve tha same

laval of sustainahla ecological
performance &5 presarved
wirtlands ®

IMPROVED BIODIVERSITY

| ™he ecological and physical
charpotenistios of wotlands
ara complax and multi-
variable. Each site will pose
different challenges but it

i can ultimataly improve water

| quality through attracting

| wildiife and combating the
napative affects of hahitat
degradation or destruction®

| CONSTRUCTED
WETLANDS

The scosystam sanicas
of wetlands can be
hamegsed m urbanized
|andecapas and athar
novel territaries as

part of stomiwater
MANARBMENT SYETBME
and other water guality
imgrovement initiatives.
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IMPLEMENTATIOMN TERRITORIES

Shreams + Maintaining the haalth of etraame and dparian zones protects theic natural drainage pattarns that
Riparan Tonas support the formation end flood mitigation cepacity of ephemeral poals and wetlends.

Existing Wellands The ecological performance and diversity of naturally-ocourming wietlands that have evolved and
stahilizad ovar tima ara both difficult and costly to replicata in artificial eystams #

Private Land Depraded or undenitilizad land undar privata ownarship prasents opportunities for acqulsition and
wetland convarsion.

Abondoned Mines Innovatve wotland applications con mitigate drainage from abandonad minos contaminatos
provimal water bodias with sadiment and ton

Local Communifies Warking with local commanities near rapionally-sipnificant wetland rasources can ancourape
comprehensive, site-specific wetiand mansgement and planning.

STAKEHOLDERS

deploners

g Land devalopimant

sarategies that sveid impacts

1 Bxigring wetlands instesd of
mitigetion

T melucators
nm "”""'"“m’ o " raise pwareness of the
enfage with Envirnnment value of wetland systems

A ARt Bioekvrsity

ANTICIPATED CHALLENGES

m & shared investment may be necessary rather than relyving on federal funds.

Valuvation Tennesses has no watland water quality standards nor astablished evaluation system,

Prioritizing Regulation compliance may create unwanted costs despite ecological benefits.




fina simple intervention to protect wetland boundaries is avaidance. Figure 1 shows a utility line alternativaly routed te mitipate wetland
imgacts. Figure 2 looks at the mansgement of private land and the potentials of enhancing underutilized property. Figure 3 emphaszizes the
need for a demonstration wetland o5 an edecotional teol for the public. Thera are many fedoral and state programs that raquirg physical
mitipation for thraatanad environmente, Figure 4 ilustratas the uss of 3 watland protaction sasament whoss watar body cannat ba lavalad
or drained until the sgreed contrect expires. Wetland essements are fedaral agreements through the US Fish and Wildlife Service that
compengates proparty owners for watlond protagtion ®

After a mitigation bank was established,
625 acres were restored. This area was
raturned to the wetlands that ware
previously lost to agricultwral production
and urban  development. Restoration
efforts included the removal of levess
and reforestation of the area. The
property will be transfernad to the TWRA
ta bacama a public wildlife management
arEE.

Constrected in 2011, the subsurfoce
graval wetland allows water to paol and
infiltrate on site. Land was excavated
to allow for more water collection in
an araa whare water alraady naturally
pocled. Drainsge pipes and  gravel
were put in place beneath the pool
arpas.  Immediately, this  watland
provided habitat and encouraged native
vigatation.




HYDROLOGIC BENEFITS
The Complare Cragk concapt stratagically co-ocaras midtiple usas and functionalities ro anhance and
protect the region’s waterway networks, The flood piaing and buffer zones thal are protectsd or restored

ag @ result of Comphate Creek planming mal anly fitter and absort wator for o complote hydrotegic system,
they alea pramata haalthy usa of thase watarways and the adiacent land for 21l community mambars,

UTILITY CORRIDORS
Adaquate buffars hatwasn
utilities and waterway
edges must bo planned
and maintainad to allow for
netural meandering over
time without damaging

| utllity infrastructura

HEALTHY CORRIOOR
Convarting watarways t
Complete Creeks offers a
Pty cormdor for walkang,
hiking, and running within and
outside the city for use as
transportation and recreation.
Graanways alsn halp to
increase property values

and catalyze now economic
immstmant

CL@®

BANK RESTORATION
Reestablishing proper stream
hank peomatry and sail stahility
permits the restoration of riparian
vogotation along the banks of
straame, This vagatation filtars
runoff from edjacant landscapes,
supports habitats ond recreation,
and modaratas straam watar
temperature.™

DAM REMOVAL

Thee ramoval of obsolete
lver haad and mill dames
revasls & praviously
inundated Nood plain
with nen potential for
hebitation, recrestion
and flood water stoioge
whils alsn restaring
connectivity of aguatic
habitat.



DEVELOP COMPLETE CREEKS

The concept of Complete Crecks is a reconceplualization of riparian coredor plaming and design o
afficiantly accommadata a ranps of uses, users, landecapas, and infrastructuras, Tha linear nature and
gentle topography comman to these comidors heve historically mede them logical pathways for gravity
sowl systoms and other infragtructuras. Creek movement and bank erosion caused by high votumes of
rapidly-noncantratad, fast-maving urban stormwater compromise the intagrity of thesa systams, trigperng
leaks and necessitating infrastructure enhancements. Utility renowetion projects mey cetslyze stresm
regloration initiatives, providing an oppartunity o strategically reerganize ripanan cordors 95 shared
rights of way. Renapotiation of axisting eacements, apreamants for public access through private riparian
buffers and flood pleins, can ensble the regien's hydrologic systems to become multi-modal transportation,
recreation and ecological networks. This maneuver gan stimulato pedestrian and wildlife movement betweoen
and within urhan, suburhan, and rural landseapas. This multi-functional approach ta riparan carridar planning
helps regenerate the ecelogical health, water quality, and structural integrity of streams in developed areas
while also proactively bulfening termitonies in undevdloped landscapes Trom future development pressures

STREAM BUFFER
BLUEWAYS In addition to runoff FLﬂDE! PLAIN H‘! NCTION TRANSPORTATION
protactien and odge Protacting flaadplaing fram ACCESS

Accassible waterways

can provide & new route

of transportation or
recreational oppartunity.
Bufforing these waterways
fravm runnff and pallution
ensures healthy water for
such activities,

stahilization, vepatation

along banks provides shade,

miaintaning the health of
many aquatic communitias
and mitigating flood rigks ¥

devalopment pressues
helps mitigate floed
damages and anahles
river and stream systems
to naturally replenish
surrnunding landscanes
with nutrignt-rich, alluvial
soils™

Sinca streame flaw
throughout the region, this
thorgughfare can connact
urhan, subwrhan, and rural
areas, reducing carban
heawy transit,



IMPLEMENTATION TERRITORIES

Urban Cenliers Waterways in dansaly urhanizad landscanpes stand to benefit from restarad hydrologls functions,
regenerated habitats, and mobility networks possible through Complete Creek strategies.

Rural Communities An increase in acoessibility and the fosterng of a stronger regional identity can strengthan the
connaction betwean urhan and rural communitias and can catalyza apricultural butfar invastmants.

Exlsting publi lands pravide nppartunitiae for initial Investmeants in Complate Craek
infrastructures, catslyzing natwork connections, and value recognition on adjecent private land.

Altermative transportation and recreational systems con streteh through the region's Tloodplaing
and hydralogic natworke.

Educalion Syslems Addreesing watar quality stewardship and altemative devalopment practices within the
gducstional system can provide early axposure and ownership of nearby creek zones.

STAKEHOLDERS

fand teugt
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SConomic, stcial, and I vy f i plon and design corvider
ernvirnrmental banetits of ¥ e |
st fonctaonal coridors et il
availabie theough public f
atoets o privabe Land i P afficials
pasticipation

nOEnodil erpaniations

rnise funding for implpmentation,
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ANTICIPATED CHALLENGES

Community Trust Comprehensive network establishment may require use agreements for private land.

Alignment Tapnpraphy, urhanized stream corridars, and straam marphology may complicate rautes.

Shared use negotiations can complicate permitting and extend project time-lines.

Time
Liability Liability and user safety are perceived risks associated with shared use of private land.



The alemants of 2 Complate Creek can ba implamentad in phases Individual communitias can choose tactics that bast suit their nasds
and the environment of their waterways. Developing 8 Complete Creek design includes acquiring access to land that is typically owned by
private parties. Approval and land casements may be difficult to come by and 01t is important to gouge the community attitude towords
this typa of devalopmant (Fipura 1) in leu of preconcaptions about community acceptance levals. One strategy i to (dentify sxisting
networks and public use sreas that sre the most readily avalleble (Figure 2). Educetion is important for geining support. Community
wialks (Frgure 3) through potential arees can help to educote the public on the importance of keeping creek zones intact. Similarly, doing
infarmative taurs (Fipura 4) with private land awners can halp allaviate concerne and discuss patantial banafice af having Complata Craak
Zones running on their land.

Mill River sits in the heart of downtown
Starnford, CT. Efforts torestore the urban
sepmeant of tha river hava been on-gaing
for the past century. The goals of the city
were to restore the ecological value and
hydralagic dynamics of the watarway,
providing buffers to limit future impacts
while offering recreational opportunities
far tha residents of Stamford

Sand Creek ran through @ heavily
industrializad portion of Cammarce City
The ecelogical significance of the site
wiaag litthe kndwn until efforts to restore
the area bagan. The avararching poal of
the restoration effort was to transform
the creek back into a diverse habitat
and into a racreational resource for
residents.




Limiting cattle access fo sfreams anaties vepatated stream banks o Mourish, which fiirer and absorh
sgricwltural runoff. Since many catths farms are localed upslream from crtical walerways, such as
drirkang, reorgational, and indestrial walor sources, ddressing this impact al ils sourcd reduces the
chrmlative affacts of wataer pollution for bettar quality downstraam
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STREAM ACCESS
Cattle require cool, clean water PHYSICAL FENCING

which is avilable in freshwater
straame pravalent in Tannasean ™
However, allowing steam sccess
con Cause an acoumulation of
waete and sadimant downstream
tue to cattle entering and axiting
walerways, This couses enogsion of
tha stream hank

Fencing I5 a comman mathod
used to keep cattle out of
strogams. The necessily 1o
place such a fanca autsida

of 8 stream’s floodplain to
@il rocuring damage and
axpansas raducas a pasture's
grazeable area, 8 significant
issue Tor smaller foms
nomman to the raplion

GPS-CONTROLLED PADDOCKS
Using GFS tracking collars, farmers
can manage virtual paddocks
remsately via @ mobile app. This
SYETAM Maximizes a pastura’s
grezeatie area near waterways and
allows for edsior movement of cattle,
thus anahling mare fraquant ratation
and more biodiverse and healthier
fiekds, This app will also connect

1o watar quality manitoring ug and
downstraam to inform the fammar
#hout threats to the farm or impacts
tha farm may be having an watar
TESOUICES.



GPS-GUIDED GRAZING

The undulating korst landscape of the SETD region includes springs and streams woven throughout its
maountaing and hills, making it an ideal location for livastock praduction, including heaf and dairy cattla
This production end other egricultural fand uses are leading scurces of E coli, excessive nutrients, and
sediment pollution in the region's stregms due. in part, 1o cattle wading and runoff from argas wsed for
wasta managamant and livestock handling ® Fenning off straame 5 a common best practice te contain
livestock, which reduces E coli contemination and ensbles the regeneration of vegetated buffers that filter
and absorh runoff, However, fencing limits agcess o cool watening sources and is often installed directly
i the flandplain, necassitating costly rapairs fallowing flood avants, When located outside of 2 floodpliain,
fencing may significantly raduce the farm’s grazeble ares. GPS collars reduce the need for & physical fence
by utilizing @ virtuad fence set up by GPS coordinates established by the farmen When cows reach this
houndary they will haar an sudible alert from tha collar, Cows adjust their behavior accarding ta this sipnal,
enabling farmers to maximize their grazable erea end manage their pasture using virtual paddocks, thus
allowing morg freguent and flexible hood rotation. Such technology can enable comgplionce with stream
prataction ragulation and can alen be usad by farmers and apancies 1o pathar and monitar data, contributing
to & physically healthier herd, 2 more vigorous pasture, 8 more stable stream buffer, end & more biologically
diverse, resiliont stream goosystom,

ALTERMATIVE

: . INTENSIVE ROTATION | 5|LVOPASTURE | REGENERATED
I:AT[R SOURCES Rotating cows throughout | £ows can graze not only STREAM BUFFER MDHITERING _
YISNA RSTRED, @ pasture more frequantly, | iy goan fields but also in | Restricting cattle Active data collaction
poeess, cows nead or in conjunction with nthar fokiente. which hove e from walking down of watar quality

new saurces of
water. Pumpad water
dispensers and ponds
ara vizhla options
gnd can be incentives
for utilizing the GPS
Eystam

animals, improves pasture
hgalth, resulting in deeper
ront systame and praatar
biodiversity that reduces
erasion of pagtures and
incraasas fland capacity ™

addad benefit of cooling
shade and protection from
tha elamants as wall a5
erasion reduction and flood
contngl @

tha banks can Improva
the vegetation slang
the straam, reducing
araskan, filtering runoff
abzorbing floodwaters,
and providing shade
for healthier aquatic

| communities™

conditions helps to
manage 1he system
and detarming whara
there are extrema
pollution issues or
nther concems



IMPLEMENTATIOMN TERRITORIES

Pasture Ownere of pastureland that is in reserve or currantly ueed for cattls can be informad about
alternative grazing prectices thet do not sacrifice available grazing land,

Headwaoters Thie quality of headwater sticams and rivers can benefit frem enhanced buffering from adjacent
praving areas and raducad lvastack aontact

Watlande ara sensitive ecneystams that quickly sipnal changas in the enviconment and larper
water bodies.

Measuring spooific points alog pansn cormidors can help pingeint seas volnirable to point
source pollutian,

Downetraam gommunities shauld ba made aware of outhreaks of £ coll and the raleazs of
gxcessiva nutrients in their water resources.

STAKEHOLDERS

ANTICIPATED CHALLENGES

Equitable Access 41l operations may not have resources to invest in néw technology infrastructures.

Participation Haw tachnology takes time to penatrate tarpet markets and realize measurable results.

Tech Support Adequate support networks will be necessary to overcome typical tech challenges.

Up-front proof of concept and risk mitigation will be needed for mainstream adoption.

120



Figura 1 shows a drinking well that keape watar cool and comparzhle ta tha water from & straam. Altermative watering sources kesp
livestock out of streems by providing containers of water for the snimals located elsewhere on the property. Other interventions may
imvolve changes in grozing and land monegement practices, Silvopostwes that combing forestry and grazing practices provide multiple
henafits, including reduced rata of avapatranspiration from pacsturs soils and provizion of shada for tha animale ® A vepetated straam bank
{Figure 3) provides a natural barrier to block the livestock from stresm access. Rental GPS grazing kits (Figure 4) could be a low-pressure,
lowe cost way of mtroducing peopbe 10 BPS grazing.

The Stone Bams Center for Food and
Apriculture focuses on sustainable and
regiliant farming mathods that facilitate
regeneration of the ecosystem. One
practice is the rotation of multiple
animals through one pasture every faw
days. This helps to keep fields rich and
biodiverse by taking advantage of the
unique faading stratepias and nutrignt
waste of each species.

U304&  researchers  hove  devaloped
multiple itarations of GPS collars that
provide a way for farmers to set paddock
limits via GPE coordinates. Another
madel goas over the aars and is charped
by solar panels situated on the top of
the cow's head. In both models, the
cowe are given an audible alert, which
will deter them from the boundaries.
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Chattanoogs’s Moccazin Bend Wastewater Treatment Flant processes solid
waste into biosolids that arg recogmized by the Envirgnmental Pratection
Agency and the Tannasses Departmant of Agriculture a& & soll amendment.



Wasta is an unavnidable auteoma of modam society, aconamic activity, and population prowth, Waste

is ganerated throughout supply, production, distribution, consumption and digestion cycies in the form

of industrial byproducts, animal and human effluent, biomass, and discerded consumer products. These
matarials ara commaonly dispased of in landfille, discharged at permittad lavels to raceiving watears, ar
dizpatched to other centralized repositories without regard to their potential reuse, while industry and
agriculture wiestle virgin materals from the lendscape in erder to bring their goods and sarvices to
rarkat. As tha repion hecomes incraasingly attantiva to tha finite nature of theea resaurces and the water
resource impacts of conventional material extraction and treditional waste mansgement approaches,
opportunitios for now technolggios, networks and economies emenge.

Modarn consumerism and the industry thet fuols it hes reached an unsustainable lovel of waste
production, and the snvirenmental Isgacy of pagt aconomias and waste managamant practices that
pre-tiate contemporary regulations are embadded throughout post-industrial brownfields and agncultural
landscapes around the region.™ Before the Clean Water Act, it was comman practice for industries to
discard their by-products and process waste water directly into nearby streams and rivers. After such
practices wera prohibitad, businesses bepan stackpiling and disposing of wasta praducts on-site, burying
them underground. The legacies of these now-prohibited practices threaten the health of groundwater

(A



rasnurces, lingar in sadimant depasits in aur rivars and streams, and have appragatad in rasanvairs and
behind dams, semetimes affecting their operation and flood storage capacity. Though NPDES and other
gontemporany regulation mochanisms have mitigeted the water guality challenges from new point-sourcg
pollution, sur waterways still play an impartant part in parmitted wasta managamant practices — and as
such ongoing ecanomic activity and growth — and likewise remain threatened by unpermitted activities
and failurgs of on-gite waste management infrastructures,

Exemples of emaronmental catastrophes when waste management infrastructures fail or heve been
digturbed by natural phonomena ar becoming more comman. The Tennessee River Watershed is home
to the larpast coal wasta disastar in L3 histary whan in 2008, a laves failed at the Kinpeton Fossil
Plant and releazed over 1 billien gallons of coal ash into the Emory and Clinch Rivers.™® Animal effiuent
storage facilitios at North Caroling CAFQs werg recently inundated by floodwaters triggered by Hurricand
Matthew ™ As similar raparts of other infrastructural failures across the nation incrasse and waste

managamant facilities bacoma walnarable to climata dynamics and othar disturhancas, a mare aritical eye
must be tumed towards societsl waste flows and management practices.

The last decada has witnassad a surpa in interast regarding waste as an economic commodity
Technological and biokogical efficiencies in solid waste processing produce revseble binsolids of varying
grodes that possess o range of applications in both urban and rural lendscapes. Chattanooga's Moccasin
Bend WWTP iz alraady convarting salid wasta into safs, valuable hinsalid fartiiizars for the rapion's
farmers and Iendscape restoration projects, This practice diverts solid waestes from landfills, reduces
oparating costs, and provides an gnvironmentally-frigndly and energy-efficiont fertilizer resource.® Ash
from coal-fusled power plants, that constitutes the larpast waste cycla of the ragion, is baginning to
benefit from the same perception change from environmentsl hazard to kinatic, socio-economic asset.
This legacy poliutant has been capped, flooded and piled in various forms that risk leaching into regional
water resourcas, though it is incraasingly being safaly ancapsulatad and recycled 28 a raw material for



structural grade concrate and othar construction products such as drywall and ehaat rock ™ By xpanding
the region’s recagnition of hweman waste and industrial by-products such as coal ash ez & raw material
fesouwce, niw opportunities for the eoonomy and water resource stawardship emerge.

Expanding infrastructures and reuse possibilities for cxisting material recysling initiatives, and identifying
naw antrapraneurial wasta reuss opportunities, recyeling networks, and innovativa, on-gite managamant
systems are the focus of the visions and strategies far change in this section,

Solid waeta rerycling strateplas axercised at the ragion's larpest wastewatar traatmant plants (\WWTPs)
may also be applied in egricultural lendscapes and nwal residential communities theough decentralized
fagilities of new logistics networks. These approaches can mitigate pollution levels from the region's
mnst wida-spraad water rasource impairment, £ coll and panarate naw ravenua that may suppart
defarred infrastructure maintenance as well as innovative infrastructure and water resource stewsrdship
imvestments. Opportunities to expand existing coal ash encapsulation practices into nom-structural
pnncrate can craate new matarial resourcas for praductive watar resource infrastructuras such as
straam bank revatmants, artificial ageregate for green infrastructure installations and compact-able base
matarial, reducing demand for virgen aggregate quanyng, Similer marketplaces and exchange notworks
for racycling waste peaducts whils raducing landscape disturhance for raw material axtraction are alsa
poszible in other industries. Innovative in-situ waste water managemant, wasta harvesting and waste
rewse natworks will also benafit regional water quality by reducing the amount of discharge procossod

at WWTPe, raducing thair aperating costs and incraasing thair capacity to accommadate naw aconamic
prowth,

Each of tha following recommended stratagies seak to shift attitudes towards waste managamant,
reduction and recycling by all stakeholders, individual residents and industry alike. A new view of waste
managament is a necessary step for the future quality and security of the region’s water resources,

Landlills translomens —— wtrwer bork

The territories identified above include those landscepes where the following water quality improvement
strategies may be implemented,

MTRODUCTION






GUIDING PRINCIPLES

LOCALIZEECONOMY: Production Through Reuss
+  Toreduce raw material extraction and impartation by maximizing local waste recycling
= To mitigate legacy pollutants through entreprontunial rouse of local wasta resources

REDEFINE INFRASTRUCTURE: Innovate Use
« To continuadly reassess production within the community
+ Toanalyza the functions of infrastructura hasad on tha value of its produscts

COMMODIFY WASTE: Create New Goods
+  Toaxtract ugahla componants for revenos
* Toreconsider the life cycle of products for improved efficiency of resources
= Toextraot usable components for revenue

REVITALIZE ENVIRONMENT: Waste for Focological Benefit
+ Torestore degraded landscepes with waste products
+  To apply usable elements of waste to the environment for healthy vegetation

STRATEGIES FOR CHANGE

RECYCLE SOLID WASTE

Orpanic mattar fram solid wasta can ba converted to safs hinsalids for
s0il nutrification, providing an economic resource while reducing the
volume of disposed solid waste and its assockated water quality impacts

INCORPORATE COAL ASH

Coel ash can be usad as an aggregate for various grades of cancrete,
@ produsct that can then be used in many of the seme wiys o5
traditional conarete to produce traditional and novel products

REDUCEPOLLUTION PRESSURE

Extractod orgamc mutrignts from wastowator and treated greywatar
can ha distributed for productive wse and revenus, reducing prassure on
pallutant limits of impeired streams and potable weter demand

MONITOR HOUSEHOLD WASTE
Proper disposal of unwanted contaminants helps
ta raduca tha napative impacts of housahalde on

ground and swiace water resources




| LOCALIZE ECONOMY:
_ = production fhrough reuse

i -~ - i

Emphasizing localized waste reuse networks can reduce importation of matenial inputs to production processes. Mitigation
strategies ara gasier to monitor and sustain whan the pallutant eources are located within the region. The region is intrinsically

connected to its legacy pollutants and has the greatest capacity to recoda their history and levarage them for economic potential
. theough Incal rausa

REDEFINE INFRASTRUCTURE:

| innovmt use

s
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As tachnology continues to evalve, assessmant and refinement of axisting infrastructural approachas and adoptiong of new
infrastructures present economic, social and environmental benefits. Analyzing the performance of contemporary waste
manggement practices and making strategic, proactive investments position comnmunities and business owners for futurg
infrastructura innovations and efficiencias,

¥



COMMODIFY WASTE:
create new goods

T T TR
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Tennessee has long fostered a culture of innovation and technologicsl advancement. Tha region is poised to spearhead a future
of waste commodification and now economic opportunities. Reconsidaring the material flows and life cycles of indestrial and
rasidantial by-products of tha Seutheast can shift parceptions and advanca new uses for matardals praviously concaptualized as
wasie.

REVITALIZE ENVIRONMENT:
waste for ecological benefit

The snvironmant benafits fram bath wasta raduction and rause. Praper dispasal of industrial and residential by-products has tha
potential to mitigate environmental damage while recycled materials can be applied in constructive, ecologically repenerative or
restorative ways that steward water resource health.
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CONNECTING

PRINCIPLES & STRATEGIES

RECYCLE

SOLID WASTE

INCORPORATE
COAL ASH

A W N -

REVITALIZE

LOCALTE

REDEFIMNE

COMMODIFYT

Procezsing regionsl animal and human solid waste
into Biosolids can create o local mutrient cycling
propram that pramates healthiar landecapas whils
providing sconamic pain,

The region's industrial past has stockpiled a
dengerous concentration of idled legacy pollutants
that cantinua to prow at xponantial ratas; howevar,
new cementation techniquas addrass this pallutant
a3 both respurce and commodity.

By isolating a step in the process of wastewater
trgatment and proposing safie reuse, waste can be

raconceptializad a5 a rasource and provide a new
function to the overall waste reclamation system.

Framing coal waste as a productive resource can
shift negative perceptions of the enargy industry and
its hy-praducts, raliaving comrmunities of tha fear of
nearty toxins and mining the ash until other energy
alternatives ane available,

Tapping into existing waste systems can
henefit efforts to protect both urban and natural
anvironmants whila apening naw aconamic avanuas

of praduct development and distribution,

Cortain grades of coal ash have proven valuable

companants in a variety of applications, but this
region is uniquely situated to realize the economic

potentials of the resowce in its entirgty.

Refined biosolids contain the necessary nutrients
to improve living envirnments or accelerate their
function, raimdgorating damaged landscapas, local
neighborhoods, and urban centers.

Addressing coal ash and encouraging its safe reuse
a5 construction aggregate or wildlife habitats

nan simultanenusly ghve life to stagnant energy
landzcapes and the natural environment.




REDUCE

POLLUTION PRESSURE

Reconsidaring the wastewatar trastment procass
aims to extend nutrients to more places within
the repion and bettar connacts urhan and rural
communities,

MONITOR
HOUSEHOLD WASTE

Urhan, suburhan and rural homeas have aqual
responsibility towards safeguarding the region’s
natural rasourcas and can halp by ahiding by
Iocalized waste regulatory standands.

Capturing nutrients and greywater befare they reach
a water treatment facility breaks the conventional
eyela and allows the potential for thesa resourcas to
be utilized for household applications and irrigation.

Residents have an unrecognized authority over
waste flows and must be conscientious of the
environrnental raparcussions of modern ape
CONSUMErism.

In the face of a rapidly growing population, the

use of greywater can help reduce the demand on
conventional water supplias and prassune on sewage
treatment systems.

Stronger demands for environmentally friendly
products or recycled matenials can influence
industrial manufacturing and practice,

The combination of a localized sowce of nutrient
fertilizer and established greywater diversions for
irripation can banafit enviranmental aesthetics and
ecological health.

Residantial zonas can benefit from richer natural
emvironments that are devoid of waste effluent and
reinforced by recycled materals, reinvigorating local
neipghborhoods and adding life to wrban centars.,

.+ PRINCIPLES
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HYDROLOGIC BENEFITS

Processing solid wastas as hiosniins recalfraras the repinns most widesoread warar quality rhraar as a
valued commuodity. Keeping waste within the cycle of production reduces the volume that is embedded in
vulngrable, docentradizod and lposely-regulated storege facilities throughaul th region, reduding feaks and
failuras and contrilitting fo ananm-afficiant soil nutrification, seabilization and reduced sedimantation,
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ANIMAL WASTE

Solid weste concentrates

in storage areas at regional
CAFDs (eonfined animal

feeding operations). Developing
methods for en-gite troatment,
procassing or sals, and
economically transporting waste
to contral treatment facilitios
(for eorvarsion inta hinsalids)
can create sale, economical
fertilizers and roduce threots to

| gurface and proundwater

PASTURE HEALTH
Tha health and covarage
of farage crops impects
the quality of noarty
‘water resgurcas
Healthy pastures
promate infilteation gand
raduca tha amount of
sediment and waste

| garried by runoff 1%

FERTILIZER

Waeta can ha harvestad
from CAFDz and recycled as
fertifizer Lo improvg pasturg
health. Processed hiasolids
cen be purchased by farmars
for use on pasture of Crop
fialds. Par EPA repulations,
Cle=s A hiozolids are
suitable for all landscapas.
while Clags B hava certain
restrictions for food crops
and graging 1@

| SEWER + SEPTIC

| Sanitary sawars convay solid

! waste to WWTPs where it may
| be processed into recyclabile

| compast of hinsalide. Septic

| systems can be converted to

| septic tank effluent pumps

| that sarva as decantralizad

! wastawater treatmant,
|
|

reducing the potential for foulty
saptic eystams. Solid wasta in
| septic tanks can be harvested
{ for centralized processing.
| stewarding water quality in
| headwater landscapes.



RECYCLE SOLID WASTE |

Improperly constructed, operated, and maantaingd repositones of solid waste from humens and swmals
{euch as CAFD waste stockpiles/lapoons and saptic tanks) randar the region’s ground and surface water
resources vulnerable to impairment by biological pethogens and elevated levels of nutrients. Solid waste
can be recycled in @ number of econamically- and enaronmentally-productive ways. Equipped WWTPS
can procass solid waste from a ranpe of eourcas, including CAFQs, septlc sanvices, or smallar reglonal
treatment plants, as biologically-stabilized biosolids products. Cless A and Cless B biesolids can be used
a5 afertilizer and 2 soil conditioner for disturbed landscopes that reguirg reclamation and soil regeneration
as parmittad by EPA ragulations ¥ Traatad solid waste can alsn ba composted with arganic matarial to
produce commercially-viable soil amendments. On- and off-farm wses for recycled animal waste can raduce
the size and poliution theeat posed by manure steckpiles and legoons, '™ By considaring solid waste as @
cammaodity and a part of a repional nutriant cvole, less ovarall wasta may ramain embadded thraughout the
regional landscape, mitigating threets to water resources while creating local exchange merkets and novel
gconamies, Revenues frpm these exchanges con fund infrastructurg improvements and other water quality
invastmants, furthar compounding the watar quality hanafits of racyeling solid wasta

|
=
RECLAMATION

DIGESTION + PATHOGEN Binsalids applied to former COLLABORATION
STABILIZATION COMPOST mining sites ar athar Small WWTPs without

Solid wasta procassad at the Processed salid waste deforested landscapes provide acanomies of scale to
wastewster treatment plant can be composted with nutrients that facilitate process hinsalids thamsalvas
undergoes aerabic or enaerobic | woodchips or othar sacondary succession and soll can partner with other

digastion, procassas that braak
down solid arganic material,
Methan is @ commodifiable
ty-product of this pracass of
reducing theze valatile zolids.
Additienal pothogen reduction
and stabilization may ba raquirad
for safe application to the land.™

nrpanic matarials to
produce nutrient-rich
soil amendmants.

stabilization

rigrenal facilitios to achiove
afficiancies, panarate ravenuss
(that may be used to support
sanitay infragtructure repairs
or upgradas), and raduce
operating costs.,



136

IMPLEMENTATIOMN TERRITORIES

Wastawatar traatmant plants of all sizes can facilitate or participata in salid waste sxchanga
networks for economical biosolids production.

Zeplic Tank These decantralized wastewater systems arg vioble alternatives 10 oging septic systems inrural
Effuent syslems areas that threaten water quality in haadwater landzcapas

With the vast acreaps of apricultural land in tha ragion, CAFDS can be harvastad for solid waste
resources while land applications of biosolids offers locel nutrient cycling for healthier soils.

Reclomation Areas Former ming sites ond other orges impected by deforestation can be revegotated or reforested by
applying hingnlids ta reintroduce arpanic matter and vital nutrition to the sail.

Landscape Planfings Clase A hingalids can provida a local and Inexpansiva fartilizar for larpe areas requiring
+ Turfgross suggplernentary nutrignts, such as golf cowrses and cemeternies.

STAKEHOLDERS

athvocate Bor the uee of biosoids
Fox el recleseation and wses Tor
recycled waste thiough ressarch
and ot progects

horticelturists

e biscompast on spplicable
inanalistions and in nurseny
CrOp production

farmers
propery apply fecycled
anensl waala of badol
il Tor Crop and borage
priduction o minimize

lisschinng and rungtt

ANTICIPATED CHALLENGES

Infrastructure Increasing biosolids processing may require new or larger facilities.

Transport Waste transparted from rural areas may initially ba cost-peohibitive.

Demand Processing facilities must develop and penetrate markets in order to increase biosolid demand.

The public must be educated on the proper uses of Class A vs Class B biosolids.



Althouph hinsalids have haan available for soma time now, many peonla are aithar unawara of its axistance or concamad shout the potential
heaith hazards posed by the use of & commadity derived from wastewater. The biggest hurdle preventing widespread application of biosolids
i5 the percoivid nsk associoted with it Interventions focused arownd education and sccessibility would be helptul in promoting biosolids
a& a safa and viable fartilizar option, Damanstration plots Iika the one shown above in Fipure 1 can be used as a tool to teach farmears
sbout the benefits of using biosolids on their crops. Proper signage on participating tend plots would provide transparency and direct
poophe to mare mformation on the vse of biosold lertilizer. Figures 3 and 4 aro methods that gan bo used (o dewator shedgo end improve
the economics of traneporting the wasta ta processing faclitiae, making the system mara financially and erdronmantally afficiant ##

Prior to Moccasin Bend's biosalid land
application program, the city was paying
to transport and disposa of 100,000 wet
tons of biesolids into landfills annualky.
The program has effectively reduced the
amount of waste by producing a safe
fertilizer thet can be used in various
gituations for land cover while reducing
tha facility's oparating costs,

Encompassing more than 75,000 acres
of farmland, the Boulder Park Project
iz the nation's largest farmer-owned
binsolids co-op. Boulder Park serves
a5 an on-gaing lahoratary for the study
of biosolid use on cropland. Among
other benefits, studies have shown
that whaat permination and survival
rates have increased with biosolids,
witimately improving overall crop yields.




HYDROLOGIC BENEFITS
Shifting tha perception of coal ash ro that of a valuahle construction resourcs will raduce the amatnr
of hazardous waste stock-piled immediately sdiscent to major walenvays, as well a5 encowage fly ash

coment use in non-glreciural congrate for stream tank stabiization and habital segongralion projoets in
urhan and rural anviranmants, and artificial apereparas, raiucing demand for guarriad rock
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COAL PLANT HAZARDS IN-5ITU + EX-5ITU CEMENT RECYCLING

wost codl pigeres seve aging TREATMENT By outfitting cement plants

?nfrpslruclura that was In-gitu traatmeant requires less with the appropriate technalogy

imitigfly constructod without transportation by addressing cosl naaded to procass cnal ash

the xfety standaros ash at its source, Slurry ponds various :emer;t forms can

in plgce today. Broken can ba reinforcad with peofiher Be rhaniictared b sult the

levees, unhned ponds, and textiles and proper andfills can damands of the city. High prade

inadpcyate oy GLorage contain the waste within the cement can be aﬁpiind to roads

have led Lo @ number of landscapa. Ex-gitu treatment atnl E5davalics eile lowar

dovastating envirgnmental removes the ash from the plant grade s5h fome Cemsnt battsr
| Betastipheaclt 10 be processed at other facilities suited to crush into ertificial

ar huriad in discrata landfills

i ote,
| elzewhere. EEoE
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INCORPORATE COAL ASH |

Coal agh from fossl-fuel power plants remadns ong of the largest types of manufactured pallutants m the
nation **® Tennaesas has a rich histary of energy production, bt has consanuantly stackpilad danparaus
concentrations of this byproduct waste within its lendscape. As coal s burmed, its non-combustible
components fall 1o the bottom of the incinerator as bottom ash or escapes up the stack as My ash. Fly
ash g incomporated in savaral EPA rapulated camant racyeling facilivias, but only cartain classifications
are utilized to produce high quality masonry or roads. The cemantation process effectively suspends the
toxing found within the waste and makes it safe for human uge, However, the majonty of this matenial is not
processad hecausa lower-prade ash creates less attractive texturas in the rasulting camant ** Whiks the
public may be wary ol the material in buildings or bridges, other useful applications, such s the production
of artificial aggregates of cost ogquatic habilats, can bencfit the natural envinement withput pregsures of
hurman inhahitation. Tha craation of aggrepates can localize the crushed stane aconormy and alleviate mining
prassures from regions! landscapes. This incorporation of coal ash into broader svenues of reuse opens
opportunitios for sofer regulations of coal plant waste and begin the harvest of this legacy pollutant that
currently ramaing ambaddad in iy ash ponds and landfills

STREAM REVETMENT
Streamn revatments and
other low-cost cemant

RIPARIAN ELFFER

Levaraging rivers a5 matarial
tranzpart infrastructures, all
regional coal plants are locotod
at tha watar's adpa and thus
necessitate robust riparian
buffers that protect sgainst
wat agh leaching and can slow
slury flow in the event of &
levee brook.

applications ang practical
projects that can tast the
salety af non-structural
conerete made with
racyclad, low-grada coal
ash. By proving coal
waste con create haalthy
adpa conditinng, cities
can ensure the safety

of eonsumers in more
Infrastructural vanturas

AQUATIC HABITATS
Porous cement craated by
lowar prada fiy ash is an
ideal matenal to construct
witland habitats ™ Thoge
fly ash blacks will ba part
of &n ongoing research
endeavor that seoks 1o

| racharactarize coal waste

MASONRY

Fly ash bricks

ara alroady being
manufacturad,
but cities must
foster o larger
dermand within its
CONSUIMESS.



IMPLEMENTATION TERRITORIES

Decommissioned Inactive or decommissionad eoal plants can ralinquish the stockplies of coal ash wasts that ata
narmally stored on site without disrupting the flow of power to tha region,

Coal ash landfills created befors contemporary regulations o the creation of geotextile materials
ara unlinad and rizk laaching taxing intn nearhy water resourcas 24

Artificial agpregate craatad fram coal ash can substituta typical structural fill materdal to eraate
new lendforms and topography in public landscapes such 8s recreationsl areas.

& number of construction projects have vsed row goal #sh ag strugturdd Tl for highways, but
artificial apprapata made fram coal ash ancapsulatas the matarial for safer depleyment,

Naw hahitat stricturas and articulated concrata bincks can restore stream hanks, cantral atogion
and promote ecologicel health of creeks, streams and rivers in both urikan and rural communities.

STAKEHOLDERS

ity afficials +
homemurors emironmental apencies
pachase consumar enmain the use of meycled

ﬂ'm“m“ﬂ‘ wnstn matwinls and products;
muzyrd fiy sh contend ’mﬂwmh
i petentisl ectnminatinn

— - coalfired indestring
— : I v ! . SUEpOM infovalive coal

] ash recycling mansge
BCtive Stockpiles to enable
recycling, protibin lesching
el eliminate spills

hareast snd encapsulate coal
a5k ifbo Construction msenals

'mmmﬂ-m

ANTICIPATED CHALLENGES

There is a reluctance to recycle potentially hazardous waste even if end products are deemed safe. '

Applications Applications of fly ash materials must he site specific and carafully administared,

Facilities Dutfitting cement plants with infrastruecture to process coal ash may initially be cost prohibitive.

Only about 50% of coal ash is recycled commergially, Research is needed to identify mone uses.,




Low-cast pilat prajacts in lsolated streams can test the safety of recyclad fiy ash matarial with littla risk for human exprsura. Figurs 1
illustrates a speculative brick habitat that iz perforated and includes surface articulations that suit different aquatic species. Mew cement
rovotments, a5 show in Figure 2, not only reinforce deteriorated stream banks, but olzo act 95 aquatic hebitat for stream vegetatien ond
wildiife. In more urhan sattings, small parks can be bullt using specified coal ash as etructural fill Contaminatad soils can be usad in urhan
parks and other landscapes that accommodate public activities as long &s the material is properly compressed, as demonstrated in Figure
3, and sealed from contact vsing geotextils ond soil separation layers. Uitimatoly, the futwe of ool fly esh waste in coment applications
depands an further innovativa resaarch and testing, Empirical data that claary damanetratas tha eafaty of the racyeled material will prove
its worth within urban and natural environments.

Class F and T fly ash has been used for
years in high grade masonry. Though
this addition of coal waste as a
pozzolan in cement production is more
effigient, the process still reguires
intenge heat. EcologicTech's Fly Ash
Brick has patented a new method of
manufacturing that is able to use ash
complately and without haat-firing, This
opens new potential for fly ash bricks in
construction propects,

B e

= P T s In efforts to address concems about
e B SRS o = S coal waste production and recycling,
Duke Energy transported sbout 4 millien
tons of coal ash from its Asheville plant
to the site of the Ashavilla Rapional
Airport for use as fill matarial. Although
this reuse is accepted as @ safe and
cost-affactive dispasal of coal agh, this
project has had some risks and issues.
Encapsulation is a tested 2 process
that would take tha rauss anathar stap
further.

e




HYDROLOGIC

BENEFITS

Altarnative wasta streams for autiant pollurants and graywarar raduce the amacnt of ground and surfacs
water requivad to support irrigation and fertilizing. By diverting these pollutant loads from impaired
streams, waler guatity is improved, TMOLE can be rodueed or move NPDES parmits can be issued.
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WASTEWATER PLANT

Wator is processed ot troatment
plants and then discharpad into
surface water or deep injection
widls, carrpng permitted lovels
af pollutants based on the athar
dischargers in the area. WWTP
can instead partially treat
wastawater and distributa for
reusse at other sites.
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BIOMASS GROVE
Advanced secondary
treatod wigtowater

nan be used to irigata
harvestable biomass,
reduging pollutants

in WWTP affiuant and
providing revenug for the

| wastowater facility.

M54
Citins with M54
deszignations maintain

| parmits for discharging

palltants, but
decentralizing stormwater

| manggemgnt through green
|infrastructurs can lessen

{ the strain on traditional

| groy infrastructung gnd

| TMDL straams

INDUSTRY
Wetlands or other
nature-bagsed
filtration systams
on site can provide
an altemativg to
traditional process
witer treatmant
Systems o redule
discharga tn WWTFs



REDUCE POLLUTION PRESSURE |

Total maximum daily leads (TMOLS) are pollution discharge limits pleced on impaired streams 1o provent 1
winrsaning water quality conditions. Theee limite raflect dilution lavels desmed compatile with a waterway's | il
designated uses. Limits are placed on the levels and types of pollutants that industries, cities, and other

pomnt sowces are permitted to discharge into these wateradys. I lgad lirmits hive boen met or exceoded,

acanamic prowth may be limitad along that watarway or within its contributing watershad ** Tn mitigate

the loed of pollutants discherged to receiving waters or sant to centralized wastewster traatment facilities,

some industries manage process water on-site. Mor-peint sowce pollution loads from communities

with M54 dasipnations ara alsa included in TMOL calculations. Decentralizing starmwater manapemeant

throughout the city using green infrastrecture can reduce the impects to receiving waters. Reclaimed water

can be dverted from WWTPs and sold Lo goif courses. farmns and other Hnd gwners Tor lgndscape inmgation.
Concentratad nutrients fram wastewater can ba harvested, pallatizad, and sold as fartilizer In each cass,

poflution pressure on receiving waters is reduced, improving water quality end creating spece in existing

TMOL limits for nipw economic developmant.
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LAWNS

URBAN VEGETATION | INFILTRATION e arare | phospharus can be sald
In addition to managing | Maintaining spwar fartilizars can ba usad for | £ 1M for @ low cost to
stonmwater on site, it | esidential maintenance, | [ArMErs. providing rovenug
reclaimad water can reduces thie amount GOLF COURSES for the city. Likewisa,
ba retumed to urban of starmwater that Reclaimad water and reclaimed water can be sold
londscapes for irgation, | May be camied to pelletized nutrients from | to Tormpss 3

and potentially wastewater facilitiag can

overhurdening ba uzed to imigate and

WWTE reducing their fertilize golf coursos
treatment capacity,



IMPLEMENTATION TERRITORIES

Hutriante such as nitrapen and phosphanis can he axtracted from wastawater treatmant facilitiee |
and pelletized through sltemate steps in the process of wastewater trestment.'™®

Cropland, pasture, goll cowses, and extongive landscaped arcas ae landscapes that could benefit
frorm tha use of recycled praywater, as wall ag pellatized fartilizars from nutriant axtraction,

Industry (n-site wastewater traatmant can raduce the amount of palluted discharpa entering surface and
groundwater and the resulting greywater can be utilized on-site.

L R T Breywater and recycked autrients reduces the nead for fertilizers and potable water, and may be
dasipnad a& preen infrastructures that mitipata etormeatar poliutant inads.

Vapatatad landscapee halp to naturally absorh and filker nutriants and pallutants out of surface
waler resources.

STAKEHOLDERS

nir-site treatment facilities against

W_qm ey
mmlr:t implamanT 6-Sitk TeRMTAAE Aol
oty reuse of process wotn; safeguond
Inaching and spills

sppleabie and practical

ANTICIPATED CHALLENGES

Transparting greywater requires new, separate underground pipelinegs or vehicular transport.

Infrastructure Palletizing nutrients into fartilizars requiras naw processes and machinary.

Filiration Greywater must have soaps and other toxins removed for safe use in irrigation.

Incentives may initially be neaded to encourage graywater use for inigation over municipal Sources.




TMOL limite ara set in ordar to protect tha health and ecosystams of streame. To avoid pxceeding thase limits, wasta water that would
otherwise be discharged to protected waterways can be trested or reused. Greywater systems (Figure 1) capture used water that can be
uged for londscopl mantenance of 1o supply water 1o the lovatorios (Figure 2). Vegetation and plantings (Figure 3) can also be used to
filtar pollutant Inade in runaff through & process calied binfiltration or to metabolize pollution in indestrial process waete water. Facllitias
that produce & high volume of greywater can also pipa it to nearby locations where watar iz in high demand or in short supply. Landscapes
such a5 residentiol neighborboods (Frgune 4) and golfl cowses may find greywatar recycling a more effordable option for irigation than using
potable runicipal watar supply

The Mayfield Dairy in Athens, TH uses
thousands of gallons of water on @
daily hasis in their repular processes,
including cleaning equipment. The creek
where they discharge water is impaired
and the wastewatar facility has limited
capacity. To offset the TMDL in their
receiving waters and reduce slug loads
ta tha local WWTP bayfisld treats some
of itz wastewsater on site and reduces
runoff rate with detention ponds.

The City of Woodburn WWTP uses a
fd-acra prove of poplars a8 a nature-
bazed solution to meeting stricter
effluent discharge standards, The trees
are irigatad with praywater from the
plant to protect groundwater sources
and reduce nutrient lpads discharged
to  local  waterways.  Groundwater
samples are checked each day before
the biomass plantation is watered. The
traes ara avantually harvastad for prafit




HYDROLOGIC BENEFITS

A repinnal shift in housshold consumarism and wasta is nacassany to safeguand the land and watars of the
state. By promoling more enviranmentally conscientious behaviors, residents can mitigate waste flows
from poliuting loce! waler resowces.
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| Neighborhoods i ; ;
| Neighborhoods in close | ACCESSIBLE RECYCLING | strategies that include

| provimity to larga waste-

| scapes are the target

| communitios for wasts

| reduction stratepias. Thasa
| regidents have the most to
| gain from sguwce reduction

| and materlal recycling

| Enguring that recycling is

availabla to all residents s
&y to fulfilling the desire
fior gtended life eycles of
manufactured products and
develop & culture of total

| cammunity invohement in

WaEtR managamant and

| water guality improvement.

gingla straam racycling
and large recycling centers
guip regidents with the
rREOUFCAS T properly
dispoze of consumer goods
inchuding bomedicsl waste
and alectronics racyeling



MONITOR HOUSEHOLD WASTE

Though waste is often addressed ot & city scale, indiwidual neighborhoods and households must also .

assurma tha responsbility ta contral wasta flows In 2nd around their ncal anvieanmant. By sxtanding watar

-

stewardship principles to urben, suburban and rural homes, all residents are included in the discussion of
water quality, The treatment and disposal of solid or effluent waste represents one of the final stages of the
wastawater traatmant cycle, hut source reduction within the consumer sector is an equally critlcal slamant
Simple bahavior changas such 83 reducing plastic consumption, using less electricity, snd following septic
maintenance regimes wall reduce the pressures at the industrial scale. Other behaviral adjustments such
as peoper fertilizer and pesticida storape and application as well as rasponsible pharmaceutical disposal
will lzo yield water quality benefits. In general, residents must take ownership of their influence over the
market and craate the demand for gnvirgnmentally congcious products and industrial practices. Resdential
zones can hanafit fram subsequently haalthiar natural anvisonments that ara void of waste efflusnt and

reinforced by racycling initiatives.

FACILITY PLANTINGS
Peripheral tree plantngs
sorve 05 bioindicators of
straam health, decelarators
of runotf and experimantal
ecosysiems for termative
recytlad matarial
reinforcements.

RIPARIAN BUFFER

A vepetated boundary is
oipde 1o provent grouncwaler
migtation and contain
waste in the event of
infrastructural malfuncton,

HOMEOWNER

MAINTENANCE
Rosidents should bo
incentivized to maintain
septic systems, reduce
plastic goods, set up
starmwatar and compasting
facilities, and pursue angrgy
consumption reduction.



IMPLEMENTATION TERRITORIES

Divarting or eending lese wasta to [andfills can allaviate the strain on tha sita’s capacity and
reduces infiltration of water through waste.

OSSN e T Agcessible recyeling conters o municipal collection services with clear instrugtions for disposal of
aach material can reliava landfille of unnaceseary capacity in neral and urhan communitias.

Homeownens Educating hamaawnets in all communitias about the proper disposal mathods of harmful housshold
waste can help to lessen problems in the wastewatar treatment system,

Consumerns Educating congwmers about the products they purchose, their packaging, ete. can raise owarangss
and ean ultimataly halp raduce the amaunt of waste sent to landfilie.

Combined Sewer Mlaviating tha amnunt of starmwatar and wasta that antars comhbined sawers reducas tha
patential for combined sewar overflows.

STAKEHOLDERS

ANTICIPATED CHALLENGES

m Incentives may initially be necessary to change curnent household consumption and waste rates. :

Efficiency Efficiant collection sarvicas or sites may be difficult to implament in rural communities.,

Marketing Promoting waste programs and water quality benefits to dispersed populations requires marketing.

m Individuals may minimize the conseguences of benefits of their actions,




Thera are many ways hauseholds and individuale can ba engagad to halp alleviate water quality issuas. Education and outraach (e an
impartant step in changing behavior and decressing household wastewater output. Informative fliers or water guality cheat sheats (Figure
1} org useful tools to help citizens make informed decisions about their home wator usage. Pert of the outreach can include teaching
rasidants ahout producte that halp consane water. Fipures 2 and 3 are sxamplas of aquipment that help Individuals harvest ralnwater
Figure 4 addrezsas the issue of medication disposal. Comventional WWTP systems are not capeble of treating increasing concentrations
of trage chermicals in fownd i mumicipel wosto streams that origenote from pharmaceuticals ™ Public programs thot coflect and dispose
of unugad medications can halp keap the madicine out of tha public water supply

TDEC's Mobile Household Hazandous
Waste Collection Service provides all
Tennassas rasidents a mathad for safe
and responsible household hezandous
waste disposal. Residents can check
the collection schadule and take their
umwanted material to the event in the
meargst county. The program has been
aperating since 1883 and has hosted
over 1,000 one-day collections, properly
disposing over 20 million Ibs of waste.

In addition to organizing medication
collaction evants, the City of Knoxville
has apermanent location where citizens
can safely to dispose of their unused
madicing. This drophox is locatad at the
Knoxyille Police Department’s safety
building and receives deposits 24/7.










The Tennessee Aguanum Conservation institute is part of the region’s
foundation of water resource education and mnfarmation,



EDUCATION

Al erakeholders, repardlass of socio-political status and residancy in urban or rural communities — from
high-level decision makers, property owners and developers, regulatory officials, to ordinary citizens
must be empowered to recogmize and engage their role in préserving the futung intogrity of the region's
water resources theouph contamparary aducational initiatives. The facus of this aducation must include
building recegnition of the relationship between the health of the region’s water resources and economic
development, regional compatitivenass, and quality of life,

Effectiva educational initiatives must also suit 8 comempoerary sudience, emplaying experiential,
collaborative and technology-based metheds of instruction that suit changing loaming styles and moet
lsarnars whara they ara intallactually and penpraphically. Infarmed and aducatad individuals ara tha
building tlecks of communities willing to support leadership and policy capelle of stewarding the long
term vitality of shared water respuwces,

The current condition of the region’s water resources — its success stories and its enduring challenges
and threats — is an outcome of individual and collective choices, the accuracy and comprehengiveness of
the infarmation upon which those choicas are baged, and the leval of understanding of the individuals and
groups empowered to make and act upon those choices.




The SETD region boasts a legacy of water quality improvement success stories and is home to local
and national weter resourge champions, The City of Chattanooga, once considered the United States’
mnst palluted city, (s now a nationally-racopnizad destination for water-hasad racraation and is hama
to multiple water resource facilities and advocacy organizations. The upper reaches of the Dcoee Rivar
Watershed hag benofited from one of the largest landscape regeneration efforts awver attempted in

the world. The City of Athans has astablished multiple productive partnarships and made strategic
imvestments in education and green infrastrecture demonstration projects that continue to yield
measurable water guality results '

These are but a few of the many communities and initiatives that have in part been made possible by
an elevated social consgiousness regarding the value of water resourges, by visionary beaders, and
hy accassible axpartise. They have kelped build an anduring infrastructurs of aducational rasnurces,

axparience, and proof of concapt around affactiva water rasowrce stawardship. The Consarvation Institute
at the Tennessee Aguarium has become & robust center for scientific research and thought leadership
with a focus on putreach and stewardship of the Tennessee River's unrivaled froshwater biodiversity 18
The aquariem and the nstituta are both & praduct of and & catalyst for the repion’s reconnaction with

its water resources, each coming to existence throwgh some of the nation’s best examples of regional
planning, urban design, and watarfrent revitalization.

These success stories and the infrastructure of experts and knowledpe capital built through them will be
furdamintal to addressing the widespread water quality challenges and threats that persist within these
eommunities and remain largaty-unaddressable in smallar communitias throughout tha SETD region

Though all communities in the SETD impact regional water quality and have a part to play i thew
stawardehip, not all hava tha ragulatory Impatus, knowladgs capacity, human reeourcas, infarmation



infrastructurs, and financial capital necessary to analee and react to current water rasouwrce challanpes,
to effectively anticipate and understand future theests, and proactively take action to mitigate their
potential impacts. Even larger communities with mora robust infrastructure and axpertise may stll lock
all of tha contamparary resnurces nacessany to addrass the totality and complaxity of the water resourna
challenges and threats within their physical, finencial, and socio-political landscape.

All communitias must racopnize the valua of cantinuing aducation, salf-critiqua, and cantinuous
imgeovament in the evolution af their policies and infrastructures. As tha water resource challenges and
anvironmental dynamics that communities face change over Lima, 50 too must the polioes, approachas
and technologies vsed to addrass tham

APPROACH

finvernments, apancies, and individuale ars ampowerad to make sducared dacisions about the futurs
of the region, their communities, and their water resowces through access to accurate infosmation, a
respect for scientific research, ond engaging crodible exports,

All stakeholders must be empowered to recognize and engage thair role in preserving the future integrity of
the rogion's water resgurges through contemporary edecational initiatives, mobile resources, and locally-
ralevant infarmation. The focus of strategies proposad in this alemant is to build on past succass, to
equitebly expand the reach of existing resmerces, and develop naw capacity and cutreach infrastructures
that can become catalysts Tor ongoing innovation and capacity building. Thege strategios aim Lo leverage
enntamparary tachanlogy to eollact, synthesize, vieualize and shara infarmation, and position tha SETD
region to write new chaptars in its lagacy of national laadarship in water quality improvemant.

The territories identified above include those landscapes where the following waler quelity improvement
strategies may be implemented,

INTRODUCTION






GUIDING PRINCIPLES

SCALE: Regional Capacity and Legibility
+ Toenhance legibility of water guality manegement and education resources
= Toemphasize @ regional trans-jurisdictional attitude toword resource capacity

RESOLUTION: Hydro-informed Decision Making
« To synthesize existing data into infrastructural and community planning
* Ta holster a natwork of informatinn exchanga
+ To project a future built on 8 foundation of multidisciplinary expartise

CULTURE: Water Quality Reconceptualization
+  Toaccept watar quality and resnurca health as faundational rights
* Tounderstend cornections between water quality and econemic developrent, social
heaith, and guality of life

DISCUSSION: Facilitating Cooperative Strategies
+ To establish a framawork for & database callective
+  To elevste responsive educational partnerships between communities and their
administration

STRATEGIES FOR CHANGE

MOEBILIZE THE CREEK SQIUAD

A team of cantrally-orpanized water rasource axparts
thet travel to communities in need of water quality
consultation and who offer techmcal support on-demand

PILOT MOBILE LEARNING

A diverse fieet of mobile resources deplovable
oeross the region capable of providing practical
educational axpariencas to a ranga of sudiances

ESTABLISH THEHYDRO ACADEMY
A teaching, roserch and outreach acadomy
focusad on basoming a lacal, ragional, national and
global resource on water resource stewardship

SYNTHESIZE + VISUALITE DATA
Accessible real-time infermation systems that
conrdinate, synthesize, and apprepata atharwise
separate hydrofogic moenitoring data sources

STRATEGIES + PRINCIPLES [EEGN



GUIDING PRINCIPLES

The: region's heavily-populated Phase | and Phase | M34s (Municipal Separate Storm Sewer System) communitios ang required to
implement ragulatory, aducational and water quality manitoring programs, enhancing local capacity and infragtructura to steward
water guality, Access to similar resources and legible information empowers communities of all sizes to effectively steward local
water resaurcas, improving watar quality throughout tha ragion,

RESOLUTION:
hydro-informed decision-making

T +
A watershed's hydrology and water quality affects its capacity to sustain populations and maximize lang-ranga aconamic growth
potential. Planning and land use decisions typically driven by short-term economic opportunity and social need should be informed
by their long=term hydrologic impacts and opportunity costs, Communities should be equipped and empowened to put water
quality at the forefront of their decision-making processes.




CULTURE:
water quality reconceptualization

Water resource education and research should extend beyond an emvironmental focus to more clearly astablish water quality's
connection to local and regional econamies, lifestyle sustainability, and its vulnerability to human impacts and climate dynamics.
A coordinated scosyatam of adaptabla and enpaping aducational initiatives enahlas a mare contarmporary, widespraad and sharad
conceptualization of the layered values of water quality in the region.

DISCUSSION:
facilitating cooperative strategies

Trangparant dialogue, coordinatad data sharing and & spirit of collshoration batwasan national and state apancies, municipalitias,
non-profits and citizens enables an environment where the capacity, technology, information resources, reach and infrastructure
of gach can be collectively leveraged to keep water quality information current, easily accessible and accurate, to identify
common salutions to shared challanges, and to build a culture of cooparation.
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PRINCIPLES &

MOBILIZE
THE CREEK &

SQUAD

l RATEGIES

PILOT
MOBILE LEARNING
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Regional technicians can be availatle on damand
to smaller communities that have an ogqual stake
in regional water quality but currantly lack the
infrastructural or knowladpe capacity for effactive
stewardship.

Portability of high guality educational matenals,
programming, and fecitators provides eguel leaming
appartunitiss to urhan and rural communitiss acres
the region.

Current, accurate knowledge of water resource
conditions throughout the region enables
eommunities and apantios to avaluate initiatives,
prioritize resource allocations and make hydro-
informed planning policy decisions,

Mobilized programs provide access to information
neaded to empower citizens to make weall-informed
dacisions an the davelopmant that accurs in their
communities.

Accassible networks of expertise helps to elevate
undergtanding of water resource networks and 1o
astahlish the understanding of hydralogiz haalth in

relation to other aspects of community development.

By spreading edecation and awarenass throughowt
the ragion, communitias can make decisions hasad
on a mare holistic watershed approach.

A mobile strategy will create a relatable resource
that can disperse knowledge synthesized from
cooperation hetwaan gxparts in various fislds.

Increased awareness facilitates discussion among
citizens, agencies, and arganizations which leads to
the enpaperment of all stakeholders in choices that
affect the watershed.




ESTABLISH THE HYDRO

ACADEMY

This hub of water quality aducation, ragearch and
outrgach is home base to the Creek Sguad, mobile
laarning units and other initiativas that offer
technical assistance and build capacity within the
region's diverse communities,

SYNTHESIZE +
VISUALIZE DATA

Mapping and monitaring systams that function an
a multi-scalar watershed level provide a regional
pictura of water rasource quality, threats, and
relationzships that is both comprehensive and
currgnt.

The Hydro Academy'’s purpose is to promote water-
centric communities and egquip them with current
infarmatian and contemparary undarstandings
essential to decision-making through continuous
education and research,

The data gathered through research systems creates
the foundation for a legible, customizable, and digital
tonl that apgragatas infarmation by watarshads

and prepares & community to make hydro-informed
decisions.

In addition to hydrologists and environmental
seientists, experts associgted with the hydro
acadamy should include professionals in natural
resource economics, business, sociology, and other
allied disciplines.

A synthetic digital resource can be an essential

tool for education initiatives and development of a
cultura that racopnizes relationships batwaan watar
quality and the built environment, policy, and human
behavior within watersheds.

The Academy's infrastructure, network, and
notorigty cultivates a community copable of
daveloping relationships, facilitating the axchange of
information, and building awareness of opportunities
for collaboration end efficiency.

Real-tima data relayed fram shared monitoring
systemns will provide all regional stakeholders with
the knpwledge and impetus to continually pursue
water quality stewardship,

STRATEGIES + PRIMCIPLES
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HYDROLOGIC BENEFITS

A rapinnal sandce will have the alility ra reach ail commonities and professional entitias thar require
water improvernent and consuitation. This centralized team of water speciglists works at mulliple sceles,
empoworing the region’s stakeholders to make mae hydro-wnformod decrsions,

Q@

STERILE STREAMS CONSTRUCTION
Chennelized streams
hawe major soological PROJECTS _
COnSAOUARGES AN AQUATIE Land development. projects
wildlife and physicsl water that raguira majar land
behavior. Consultation dlterations must comply
pan halp bullt manitoring with mgvlaltuunﬁ 10 crlwsurc
programs, identify vegetation watar quality ﬂfﬂ_TﬂGTIM_
pptimizatien stratogies, and from excess sedimentation
novel hahltat opportunitias o fubbile contamination.
for the banafit of nesrby Regular manitoring and
watar resounces that an informed consultation
mizy laad to maore robuest can help all partios
restoration efforts. maintain compliance far
shared waler resource
slowardship.



MOBILIZE THE CREEK SQUAD

The Creek Squad envigions a non-profit arganization of troined water resource gxperts that ensures
stakahalders around tha region have equitahle and affardable access to specialized, situation-spacific
technicel assistence. Qualifying communities, business owners, developars, consultant teams, farmers,

-

and homeowners miy request assistance from the Creek Sguad 1o help them moke infommed decisions
ahaut pratacting their investments and stewarding sharad water resaurnes. The squad would be hasad from
& central location end respond to client needs on demand by sending individuels or & team of specialists to
255055 the situation and offer appropriate recommeandations, This mobile resource ams Lo leave 3 logacy
of anhancad capacity and empowars communities or individuals with limited rasources to contribute to
broader regional-scele water quality stewardship efforts. Its goal is to become an importent human element
of the region's wates quality monitoring infrastructure, bringing an-the-ground kngwledge back to agencies
1 Infarm ragional initiativas, policy dacisions and resourca allncations

SEFTIC FIELDS
Homeownars that dopend
on saptic systems should
have eccess Lo a water
quality technicien who can
advise an propar syatem
operation and maintenance.
A regional squad soving
remnte headwater
communities benefits all
downgtrgam waters and
BLOEYSIAMS

TRANSITIONAL ZONES
Cagraded edge conditions
Frve thi graatest potential
for acosystam restoration
and protection, A mobile
reGource can iﬁ\lﬂﬂ[ﬂl"f'
wrhan and rural comminitias
for areas that would benafit
from structural, eoological,
of aasthatic improvamants

T -}I.'r ) HF
g
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AGRICULTURAL LAND
Farmars have a closa
retationship with their land,
and should have agcoss to
& water quality spacialist
whao can supply them with
tactical intervantions that
help halance watar rasource
sccess need with water

quality stewardship,



IMPLEMENTATION

Seplic Systems

TERRITORIES

hs tachnolopy advancas. tha Crask Squad can promota altarmatives and madifications to
traditional septic systems that enhence system efficiency and reduce incidents of failure.

Development

Creek Squad can help develop innovative compliance strategies ond monitoring programs that
radise tha Impant of devalopmant in proximity to critical watar acosystams,

Agricullure

Agricultural practicas have had to adjust ta changas in anvironmantal policy and ragulation; water
guality technicians can provide support in maintsining complianca with naw lews.

Ecological Habitat

Donudod stroambanks, rerouted waterways, inadeguate buffer zonos are prolific wator regouce
canditions In a ranpa of community contests that could banefit from ar-demand expartisa

Emall Communities

STAKEHOLDERS

TS

Ectahlishing a rapional eourca of hydrolopic assistanca can help ansure that all communities are
included in strategic infrastructure development and understand their benefits.

oy e
participatn in cresk soud

wirkshops to hecome o

educated sbout stakefuldes —
-"--—-l
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l provision of resowrces e porestruction sitn
'I- such &5 the use of sediment managrment
. n underutiiized buikdings for sirningies
b 7 hishy o ationd:; promote
4 cresk squad engagement
:~ citizen ciantists sl communtins . 1 COMTUNITY MesTibers
’ mdlum ' ﬂmln:b&“ IMI Erpage "
Eha resgion's aaknr and l:n.“k M Tor
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tirerslop sustainably avdidance, minimization, snd
‘ﬁ Mardgemint
farmens
W Ergagn croel souad
bn jgain assistance
W with strnaen bt aee
mstoention pojects

ANTICIPATED CHALLENGES

Non Compete

Consultations should position clients for professional services, not serve in lieu of them.

Funding

Synergy

Flaxible fes structures and craative multi-jurisdictional funding machaniems are nasded,

Care will be needed to establish synergy, not redundancy, with existing extension enterprizes.

Comprehensiveness

Proper consuitation often requires an extensive paniod of research, analysis and fallow up.



TACTICAL SITE INTERVENTIONS

The gaal of the Creak Squad |s to provide assietance to commuonities of differant scalas. For smaller townehips that may not hava the
resouwrces to develop their own water quality department, the Creek Sgued will serve a3 consuitents to aid in the understanding of effective
regulations. bn addition 1o assisting with regulatory complrance, expets will be available to help build knowlodge sround best menagement
practice implamantation, manitaring and maintenance. Survaying demand would help idantify which communitias are the mast in nead or
interested in the service. The assistence would be available on flexible fee structures end may run on & funding mode! similar to existing
community degign centers. implamenting this concept without tochmiciens con be done by offering o self-dirgeting website or mobile opp
to assist people in troublashaoting their issuas or conceme, Factary and farm walks (Fipura 4) can also ba offered to communities 26 a
low-pressure way of learning more sbout what can be done (at individual sites) to protect water guality.

PRECEDENTS

HelloTech
Multipks Locations

HelloTech has been referred to as the
“Uber” of tech support. Their service
model makas it simpla to  share
knowledge and expertise. Technicians
offer non-proprigtary, at-honve Support
to customers in need of various tech
support services. This makes them a
valuable resource for people that may
not have had access to a nearby tech
support location.

SETD
Southeost Tennessea

The Southeast Tennesses District was
actablished as a povernment antity
comgrized of municipal and county
governments. SETD s a shared rasource
for the repion that provides sarvices
to communities of varying capacities
within it service arga, The agency
#ids in the planning and devalopmant of
areas that do not have the governmental
infrastructure of larger townships.,

MOBILIZE THE CREEK SGQUAD



Raaching panple of all apas and occupations i the community creares a culture facusad o fmproving
water quality and protecting water resources for 8 heslthier region. By engsgmg businesses snd local
organizalions, expertise extonds boyond the means of exsting sgencies for a greater netwonk of partngss
wirking rowand haalthy watarshads

o
DFPERSAL ECOSYSTEMS
;SEE:"E;;:ES Nan Matural envirgnments guch
halp to E;n:rimrg s !NI:IUF:-TE‘I" as tributaries, wetlands,
education equally Inm.usmas anrnxﬁlthn and fur_ests prl::-'fde )
throughout the ragion, Filgu clit Snig fia Risamingisfosnepe
inngrvative wiays in which for camprahansive
they usa and traat watar understanding of haw
in their processes and wildlife, plants, people, and
how proximity to water aconamias rely an healthy
i& considerad In eita fresiwaler resources
devalopment.



large can provide 8 measurable imgact on the haalth of the region's water resources.

AGRICULTURE

Az one of the lorgest
indugtrias in tha ragion,
farms can provide good
ingight Lo existing water
quality manapameant
strategies and beceme
laboratonies to develop
futwra innovatinns

PILOT MOBILE LEARNING

Mobile leaming suggests to bring hands-on education Lo all communities in the region. Deplaying @ .
coordinatad and diversa flaat of snpapad laaming tools may enahle ts orpanizers to travel and aducate
audiences about hydrologic science, watar resource velue, water quality threats and improvement stretegies
i a tangible way. Delivery methods moy include @ river-based leaming barge. portable workshops and
currlculum modules, traveling libearias, labs, exhibitions and dizplays, and athar sita-specific, landscaps-
based learning opportunities. Stops for any of these educational experiances aim to include healthy and
threatened natural and doveloped landscapes, such as o crook's confluence with a river, @ hoalthy ripanan
huffer, alpas-covared watlands, urhanizad strasms, wastewatar traztmeant faciiitias, and ather industries
that rely on heslthy surface or groundwster resources. The purpose of this system is not only to educate
traditional students by supplementing in-classroom cumricula, but also inform the businesses, industros,
agancies, non-peafits and othar comemunity arganizations. The comhined reach within the community at

LEAHMING BARGE

LEARNING VEHICLES
In eddition Lo providing
BCERRE t0 laarning
landscapes, barges,
buses, rail cors and other
tranepartabla modules can
themselves be designed
&5 mobile laboratories,

classroomes and axhibits far

walter quality education.

POWER PLANTS

Tha consumptinn and
processing of water in
the process of power
production, as well as
industrial processes
and innovative waste
MARARRMENT Sirataping
cen provide one leeming
opportunity as a stop for
the lpaming harpe

EXHIBITS

Dewmtowne, schanls
museumns, and other
public places are locations
for mobile water quality
guhibits and programming.

EARMIMNG



IMPLEMENTATION TERRITORIES

'\
Public Spoce Maohile axhibits and informative avents can invigarate plazas, museums, and govarnment bulldings |
to bring awaseness to water resowces in the region.

Local and regienal industries and farms ane valuable partngrs in educating the public about safe

and sustainabla water resourca practices,

Reglonal Natural Cornrmiinity mambars can visit natoral ecosystams to hettar understand the function of haalthy
Habitats versus impaired systems that sre pert of the water cycle.

Rivers Contact with the region's icome nvars 15 ang of the most valeabla ways 1o understand its
dynamics first-hand,

Mabile curriculum can balster etandard curriculum in schoals throughout the replon to aid teachers
in water resource education.

STAKEHOLDERS

wBldF FEgeuncE pofesgisnaly
{ovide expertics and
Bkl T reche anead of

i wallr quality impact
SducHong
inbegrate waler resource
shgwardship ko
currscului; leverage mokile
leanieg Dpporbunities as

exfeneans of the cliaoom

[PeRETTATE ApECies

+ incal busimesses

bt mobiln sehibits

nnd partrae with mokile

learming for incennsmd

communily davelogment support and solidarity

arpanizations

ukibze mobils leaming
nesouces 1o edacate

aibinst gtakehikder rokss commininy mpmbnns

and the mmportance of ENgape and panticipate in

waler quality slewandship 'mumw:m
in thir community

ANTICIPATED CHALLENGES

m Shared infrastructures required shared investment from multiple commamities.

Farticipation Even well-designad, well-fundad exhibits and mohile clagsrooms raquire participant affort,

Methods Educational traditions must be challenged to meet contemporary leaming preferences.




Mohila leaming can take shapa in many differant waye, One of the maln focuses of mobilized leaming s to maka aducation avallable and
sccassible to communities &l throughout the region. Tectics incluce low-investment ways for any community to get involved in water
quality education, Water walks (Figure L)can be given os self-guided tours of urban and roral water conditions aided by mobile epplications.
U Participante can laarm mora about local watarways and bepin to understand the ralationship batwaen the community and the watar
gystem. Traveling exhibits (Figure 2) ere educations! tools that can be taken from location to location. Temporary instalistions (Figure
3) call attention to particular arees and can also be taken to vonous plages in and out of the region. Mobile leaming con also e mailed
to locations, Learning erates (Fipure 4) with turn-iey Iessons and experimante can ba sant out to repional schonls and arganizations, =2

PRECEDENTS

The Leaming Barge Project
Chesapeake, VA

2009

The learning barge was designed by
UvA and travels on the Elizabeth River,
working ta inform guests ahout the
significance of their water systems.
Hot only is the barge a mobile piece of
infrastructurs, but it allows puests to
engage with the source of water that it
is on, This is an unigue way of bringing
the classronm and subject matter to
its audience and to locations in need of
stewardship attention,

Water: H2O=Llfe Exhibit
Multiple Locations
2004

This traveling exhibition serves 25
a learning tool for all visitors. The
installation has been on display at
varipus museums all gver the globe, The
exhihit'’s companants tall a compelling
and engaging story of the importance of
water and how it affects every life form
on Earth



HYDROLOGIC BENEFITS

A water quality ackicarion sysram conrdinarad within 2 sinpla command canter, the Hydro Acadamy,
ensures continuity of information and profocol with water guslity strategies. With ong agency o pionger
waler quality effarts in the region, intarvontions can be imphemanted accurately.

EXHIBIT HALL
On-going exhibits

continually educate

LABORATORY VIsitors on the basics OFFICE SPACE

Permanant and temporary

of watar quality as A
MEETING SPACE wall 3k up-to-dete positions at the academy

A sehool founded en water
nuality provides a unique

leaming opportunity for This “9’_‘":"' epace '_5 Uead research findings I'H'm-ide_l profacsionals

children in the region, for public programming and from the acadarmy from diverse sectars the
meatings of watar quality gpportunity to collaborate,
Intarast prouns
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ESTABLISH THE HYDRO ACADEMY

The Hydro Academy is a conceptual propesal of @ local, nationa! and mtemational center lor water guality
with & mission ta conduct innovative rasaarch, increase awareness and capacity theaugh aducational

initiativas, and catalyze water quality improvement through community engagement. This centrally leceted
hut, shown below on vacant parcels next 1o Chattanooga's Renarssance Park, would loverage growimity
o eisting water rasource knowladga centars and bulld on tha repion’s lepacy of radafining relationships
between communities and water resources. Home to 8 community of scholars of emvironmental sciences,
gconamics, planning. design. engineering, ond Sociol stiences, the Acadenty would work acress economic,
social and emdranmantal apandas while positioning Chattannoga 1o be to watar resaurces what Dak Ridge
is to energy. Its laboratories, meeting spaces, non-profit snd business incubator, classrooms, Hydro-STEM
school, monitoring capabilities, exhibition spaces, mteractive displays, and lgaming landscapes could areate
a dynamic campus where multi-dissiplinary collaboration, learming and innevatian is possibla. it would alsa
serve as home to the Creek Squad, & Leaming Berge, &nd other mobile learning initigtives, extending its
influgnce an water guality throughout the regron and byond,

LEARNING BARGE

Tha hydro acadarmy
SHIVES 85 @ home-base
fior the learming boarge, and
aasy river accass makas
this i a valuable amenity
for the acadermy.

FLOODPLAIN FOREST
Healthy riparian plant
communitics and
corridars protect

water guality and
alrugtural integrty

of water resolrces. A
demonstration lendscape
on-5ite provides o
classronm and labaratory
for adaptive management
practices.

SCHOOL

A STEM academy
with @ water
resaurcs focus
provides 8 unigue
[parming opportunity
for students in
the region and
cultivates @
community of
professiongls.

CONSTRUCTED

WETLAND

Watlands ars valuahla
resources for water
obsorption ond filtration
and far carban absamtion
from the atmosphere. A
witland on-gite provides

HYORO ACADEMY

With access to constructad
wetlands, the Tennesses
River, and other learming
landscapas, the Hydro
Academy will house labs,
classrooms, exhibit halls,
and offices to support
quelity water rezearch and
education in the region.

an apportunity for Mohile laaming and the
experigntial learming. creek squed will also be
housed hero,
ESTABLISH THE HYDRC ACADEMY m



IMPLEMENTATION TERRITORIES

Leaming Landscape

Riparian Zones

Professional
Partnerships

Cenhrolized Locaolion

STAKEHOLDERS

Or-gite acosystams that contribute to water quality can provide hands-nn isharstory sxparience
far students gt the Hydro Acedemy and for public demonstrations.

Adjaconcy to @ major river makes the lsaming barge accessibie and opens up communication with
communitiag along the rives,

Flnadplaing and thair fiparian habitsts ara critical landecape typologies that contributa to tha
understanding of the greater river system,

Local and regional partners can provide expertise for @ morg woll-ngunded public water quality
aducation,

Tha Hydra Academy should be Incated within 3 central metropalitan area for the benefits of urhan
resource networks and trensportation access.

ANTICIPATED CHALLENGES

Community Trust

Redundancy

172

A mizsion of education, job training and value-added outresch must be established and promoted.

Partnarships will be critical to attracting up-front investment.

Miggion and value must be distinet and complimentary to existing centars and rasources,

Research and other proprietary activities require consideration of public access limitations.




TACTICAL SITE INTERVENTIONS

Estahlishing a watar quality centar can ba achiaved by racognizing tha cancantration of ralavant knowiedps and Infrastructure that alraady
exiats in the City of Chattanoogs (Figure 1). Conceptualization of the scedemy’s program and design could be explored as en academic
axeroise by regional design programes, the outcomes of which (Figure 2) can help rally support for the project. Vacant lots ot Renalssance
Park (Fipura 3) are a patantial site lacation that boasts immadiate fvar and stream access, a ranga of praan infrastructure demanstrations
and leaming landscapes (including & constructed wetlend, green roofs and rain gardens), and is itself @ demonstration of groundwater
stawandship through brownfighd reclomation, and graen infrastrugtung 25 o catalyst for odjacent infill devolopment. Access 1o auisting
infrastructure, knowledpe netwarks, and proximity to [eaming landscapas should be coneldered whan identifying alternata Incations. The
Academy’s branches, remote collaborators and mobile infrestructures expand its reach regicnally. Temparery infrastructure (Figure 4) can
b utihzed as an ntenm meating and leaming spaca. This also halps the hosting community visualize @ pormanent structung.

PRECEDENTS

Oak Ridge Naflonal Lab
Ook Ridge, TH

1743

This i the largest energy and science
laboratory in the United States’
Department of Energy. The laboratory
has become a global resource for various
scigntific findings and has  become
an authority on energy ressarch, s
community of scholars both leverages
and  complements  other  regional
partners, including the University of
Tennessee, Knoxville.

Salk Institute
La Jolla, CA
1957

The Salk Institute of biclogical studies
i an indapandantly run research facility
The center was a concept dreamed up
by the creator of the first safe polio
vaccing, Jonas Salk. His hope was
to creste a collaborative space for
research ewplorations  of the basic
principlas of life. This independent lab
has become world renowned for its
research in bipmedicing, neurostionce,
and hahavioral seiance.

ESTABLISH THE HYDRO ACADEMY



HYDROLOGIC BENEFITS

A multi-user watarshad analvsis raal nor anly infarms and educaras the pitilic, but also providas decision
making analysis for planning agencies, policy makers and envirommentsl advocates. As many entities,
metnics and discrole mformation systems ane wsed Lo monitor water uality data, this tool croates @
cantral datahase that organizes and displays raal-time infarmation by watershed houndariss

OIC)

REAL-TIME DATA
Monitoring systams

174

BIO-MONITORING
Repular assassmants of
aquatic bio-indicators will
provide & quick assessment
of stream vitality. Thasa
crowd-gourced evaluations
will offer @ broader
perspactive of upstream
conditiens and regional
watgrshod hoalth,

installed around the region
can rolay nformation

that will be anatyzed in

& centralized location,
Theso technological
natwarks will requira
minimal maintenance and
envirammantal disturbance.



SYNTHESIZE + VISUALIZE DATA

Though information agcessibility hos increased in recent yoars, challenges posed by data decentralization
and coardination parsist, Many valuable data sats that provida infarmation aboat landscape charactaristics,
permitted water quality impacts, and resl-time weter resource conditions are sdministrated by states,
lgcal municipalities or non-profits, posing difficulties 1o vsers who seck @ complete picture of watershed
health and thraats. Hyden Parcaption is a proposad intaractiva database and visgal dashhoard that focuses
on information coordination, legibility, end synthesis. Centralized sharing of real-time information already
availoble from soparate agencies such as USGES, EPA TVA, and TOEC and locations of permittod waters
rasourca impacts would be combinad with municipal GIS databases, input from citizen scientists, and
other deployable menitoring infrastructures, creating 8 powerful watershed assessment tool The design
of the dashboand's interface would plage a pronity on information legibility and user education. Its ability
to appragate and analyze watarshed health Infarmation fram divaree sourcas at a rangs of scales aimes to
Empower gency, municipal, and citizen users to consider watershed conditions and threats when making
planning, poficy, resource allocation, ond lifestyle decisions,

INDUSTRIAL WATER
Testing industrial wasta
waters will ensure that
mfrastrugtural standards
ara maintainad and affluant
waste does not excesd
hazard lmits, These
manitasing systams and
gctive reports on industry
performance will keep
naarky communitias
infarmed and sate from
passible containments

DATA STREAMS
Existing mandtoring and
waler resource data
streams from ggencies
such as USRS, TVA, and
state environmental
agencies ong sgeragated
in watershad houndarias
and synthesized Tor
comgechonsive, regl-
time agsassments of
watershed health

DIGITAL INFORMATION

Administrators, technicians
and citizen stewads alike
can contribute information
and obzarvetions to a
digital mterface that will
translata raw data into a
legibte instrument of hydro
fiteracy, Hydro Perception
will ba an intaractiva tool
to understand watershed
systems and the
Infrastructural natwarks
within them,



IMPLEMENTATION TERRITORIES

Naw tachnalopy allows for the ability to record and caloulate stormwater ninoff data from varying
sowrces such as sgncultural lands, M54 outfalls, and impervious surfaces.

Digtributed monitoring systems can provide supporting evidence Tor mare sustainable development
practices and infrastrectse approaches.

Data collection fram vulnerahla lacations within water systams can indicata whan there am
changes in the entire system.

Information gathored from data can prevent futwne wastewator infrastructurg failures and
ovarfiowe,

Induetries have an opportunity ta minimiza tha impacts to water resourcas by using information
from new data collection technologies.

STAKEHOLDERS

o~

EVFpATEantal agencias
BduCHtE DOMMUNITY o
here 1 s moniaring
o0ls snd intempnet dats

Agencies and other monitoring sources may use different data coding languages.

Differing methods of data collection and analysis by contributors may create synthesis challenges.

Citizen + crowd-sourca contributors must be educated to provida accurate data,

Synthesizing and analyzing large data sets in real-time requires significant processing power.




TACTICAL SITE INTERVENTIONS

Multiple apancias and organizations (Figure 1) ara in charge of the water quality issuas within the region. It s impartant to assass what
agancies have data that can be supplied to the regional index. Inter-agency efforts for mapping (Figure 2) and data collection could help
streambing the information and make it mone easily sccessiblo, Monitonng is also an imbegral part of data collection and maintaining healthy
waterways. Watar monitaring kits (Flpura 3) allow interastad citizens to take part in collacting samples and data to expand the peographic
reach and comprehensiveness of regional water guality inventories and sssessment (Figure 4), providing a more complete picture of water
rogouce health and naed for improvament initiatives,

PRECEDENTS

Living Ligh! Structure
Sedill, Koréa

2009

This structure is part of & larger system
of real-time air quality display around the
city of Seoul. There are 27 blocks that
represent the different air monitoring
station areas. The map lights up at
repular intervals to display the hest
to worst air quality performers, and
also lights wp individual blocks when
improvements  are  baing  recordad
The structure slso has an interactive
comgponent and responds to infarmation
requests by the public,

Ephalar — =R T EcoAllas.org
e Californic
- - e > 200

AR

g California’s  Ecodtlas  provides  on
A interactive map that grants frea public
access to information about California’s
+ fydrologic resources. The map features
s ) ! include spatial data, paneral condition
information, and detsiled data on
: specific waterway conditions, This site
4 \ anzhlas the intepration of infarmation
\ Fl. in the consideration of the state's

| o Ui hydrology.

[T
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IMPAIRMENTS

The follewing are identified by the EPA &s impairments to the study area’s water resources and are included
in the Regional Surface Water Impairments chart in the Introduction of this book (see pg 22). Impairmants
ara listed according to thair prevalance in tha ragion as reflactad in tha chart, baginning with tha mast wida-
spresd impairmants &t the time this research was conducted.

E. coff E. coli iz & bacterial pethogen that iz often spread through
feces. It is mtroduced to surfoce waler reSOWCes via Sower
averfiows and improper disposal of wasts, including animal
and human waste. It serves a3 an indicator for other types of
bacteria.

Sediment/{Silt  Sediment from construction sites, agricultural land end other
disturbed landscapes enters waterways via runoff. Sediment
ie also mobilized by straam hank erosion, This pollutant can
restrict proper light infiltration and harm micreorganisms that
are indicators of healthy streams. Accumulated sediment
degrades aquatic habitats, Other pallitants are mohilized in
waterways by binding to soil particles.

Altered Vegetative Cover  Remaving vegetation from riparisn aress during construction
or for agricultural use destabilizes stream and river banks,
incraasing efosion and sedimantation. The result is low oxypen
levels and higher water temperatures, impairing the habitat of
aguatic life and reducing the water-absorbing capacity of the
flnndplain,

Dissolved Oxygen  Common causes of low dissolved oxygen (D0} include increases
in watar tamperatura, the impoundmeant of water in resenairs,
and algae blooms triggered by the nutrification of the water by
phosphorus and nitrogen. Low DO levels inhibit the health of
anuatic life, including fish.

Phosphorus  Phosphorus in water resources often originates from runoff of
improperly-appliad fartilizer, laaking septic tanks or sewags, or
erosion of natwal sources. Drinking water contaminated with
unsafe levels of phosphorus is especially harmful to infants,
causing hraathing problame, blua-baby syndramea, or death,

Mitrate [Nitrite These forms of nitrogen result from runoff of improperly-applied
fertilizer, leaking septic tanks or Sewage, or the erogion of
natural sources. Drinking water contaminated with unsafe
levels of nitrate/nitrite is especially harmful to infants, causing
breathing problens, blue-baby syndrome, or death,

Physical Substrate Habitat  Steam flow alteration, artificial banks, wetland infill, and
Alterations  disruption of streambade can increase sadimentation and
water temperature as well as reducing nutrients, dissolved
oxygen, and shelter for aguatic life. Changing these habitats
can also negatively impact the storage capacity of natural
flnndplaing, potentially incraasing incidents of flaoding up and
down stream, and reduce the quality of recreational spaces.
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Low Flow Alterations

pH

fron

Manganese

Eutrophication Indicators

Temperature

Zinc

Water withdrowals o stroam  dwersion for  imigation,
eonsumption, of Industrizl usa can rafuce the amount of
waler in & waterwsy, impacting sguatic hebitats and their
productivity.

Flustuations in pH can be caussd by excess familizer and
improper disposal of household waste. Incressed acidity can
lead to chemical reactions that release other toxins into the
water. These imbalances interfere with the normal biological
functinns of aquatic life,

Iron is a naturally occurring element, making up 5% of the
Earth's crust. Precipitation dissobves iron in the landscape
and introduces it to waterways, causing adverse taste and
color. Private well water may be susceptible to these impacts,
though it is nat a health concern if consumad at normal trace
amounts. Toxic levels of iron can enter water ways through
drainage from abandoned mines. Elevated levels of inn in water
can ha causad by rusting stesl. Abnarmal iron levals can causs
algae blooms, unsafe bicaccumulation in fish, and fish kills.

Similar to iron, manganese is naturslly occurring and causes
changes in odor and color, and though unpleasant, it is not
ungafe to drink at normal trace amounts. Well-water usars
may encounter manganese more freguently. Unsafe levels of
manganese in water have been comelated with proximity to
ferrnalloy production facilities and areas of high vehicular traffic
density. Consumption of water with unsafe manganese levels
can cause damage to the central nervous system over time,

Excess nutrients {nitrogen and phosphores) can lead to
autrophication, which is a hypar-supply of orpanic biomass.
Increased algae or plant growth and low dissolved oxygen levels
are indicetors of such conditions, Inattentien can lead to toxic
water conditions harmful to hurnans and lethal to fish.

Remaoval of streamside vepetation, heated runaff, industrial
discharge, low flow alterations, and dams or other
impoundments can raige the average water temperature,
facilitating a rise in bacterial and alpal populations toxic to
humans, wildlife, and aguatic life. Higher temperatures reduce
dissolved cuygen and impact fishing and boating economies.

Zing s naturally occuring but also results from improper
disposal of metal appliances, industry, mining, and runoff,
Prolonged sxposure can cause arpan damage in humans and
impact the lifespan, reproduction, and behavior of aguatic
life. Removal of zing can be costly and thus limit industrial,
recreational, and household use.



Aluminum  Aluminum is naturally ocourring in the Earth's crust and is used
in many man-made products including automnhiles, cookwars,
and deodorent. It /s slso used in the process of purifving
drinking watey. [t presence con couse some discoloration of
water and ie not harmful in trace amounts. Bioaccumiulation
can be & concem in fish, especially when consumed.

Sulfates  suMates are salts that originate from mining, road de-icing,
wastewater, and imigation. Salts are necessary for life in
moderation but excess is harmful to human and aguatic life.
Ramaval is difficult, 0 avaidance is critical,

COQPEF Copper is naturally occurring but also enters the environment
from mining, coraded plumbing. metal and electrical
manufacturing, agricultural and domestic pesticides and
fungicides, and brake pads, In the short-term, copper can cause
pastrointastinal distress, but prolonged exposed can laad to
liver or kidney damage in humans. As with other metals, excess
amounts impact the lifespan, reproduction, and behavior of
aquatic life, Remaoval of thase matals can be costly and thus
limit industrial, recreational, and household use.

Pﬂf}fCthI"I'ﬂGfEﬂ Biphenyis fPCESJ These organic contaminants originate from  electrical
transformers, landfills and waste incingrators, and chemical
waste, Contact may causa problame with the skin, thymus
gland, and immune, reproductive, or nervous systems. They also
increage the risk of cancer.

Mercury  Mercury is an inorpanic matal that is often relaased into the
atmosphere through the combustion of fossil fuels or enters
surface waters through landfill and agricultural runoff. Natural
panlopic deposits may degrade and erode over time, This
element can cause kidney damage.

Paolycyclic Aromatic Hydrocarbons  This group of chemicals can ocour via natural fires as well
(PAHs) s through the degradation of asphalt binders and sealcoat
toppings and the anthropogenic combustion of coal, gasoline,
wood, and trash. These are known carcinggens and enter water
dus ta laaching throuph waste storage tanks. Binaccumulation
in consumable fish is a potential risk to human health.
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303 (d) list

A list maintained by eech State, as requined by Section 303(d) of the Foderal Clean Water Act, of the water bodies that do not
suppart their desipnatad uses. The Tennessaa Departmant of Envimnmant and Consanvation publishas this list evary twi yaars:
http://tn.gov/envimnmentwpc/publications/,

aquifer
An undargrownd feyer of permesble or porows rock containing or conduting groundwater. Sub-surfoce rock types commonly
nantaining aquifers include sandstons, conglomerats, fractursd limastone and unconenlidated sand and pravel.

hasin
A physical facility desipnad to parmanantly or tempacarily hold starmeatar,

best management practices (BMFP)
Interventions and cultural practices recognized as an efficient, effective, and practical means of protecting water and soil resources
from physical, chemical, or biological degradation.

bipaccumulation

The process by which contaminants accumulate within the tissues of a living organism over time. Bioaccumulation occurs when
contaminants are absorbed by a single organism more guickly than they can be metabolized, The contaminants can be passed to
larper arganisms higher in the faad chain, including humans, through a saparate yet ralated process callad hismapnification.

biofiltration

The use of microorganisms to filter pollutants from contaminated air or water. The surfaces of biofilter media, including organic
and ingrganic substrates such as wood chips, soil particles, compost, seashells, pumice, and plastic micrg-structures, allow
micronrpanisms to attach, grow, and avolve inta a pollutant-metabalizing biofilm. Comman hicfiltration applications includa
wastewater treatment, stormwater quality management, and the microbiotic oxidization of contaminants in air.

bivindicator
A living organism whose presence and health can be used to interpret the qualitative condition of the environment that it inhabits.

biological diversity (biodiversity)
The number, variaty and distribution of living organisms in a definad study area. Biediversity includas the numbar of unique spacias,
genetic diversity within a species and their geographic distribution across a discrete landscape.

biosolids
Solid waste that is treated and processed to EPA-regulated standards by waste water treatment plants. These nutrient-rich organic
raterials can ba appliad as fertilizer to improva soil health and to stimulate plant growth.

blueway
Water trails that are developed with launch points for canoeists, paddle boarders, kayakers, and others seeking water recreation.

bottom ash
A coarse, angular ash partiche that is too large to be camied up into the smoke stacks So it fornes in the bottom of the coal fumace.

brownfield
Real property where hazardous substances, pollutants or contamingnts ang present or are potentially present.

channelization
1) Hydralogic modification and straightaning of & stream’s shapa that may cause dastabilization of its banks and bed;
2} The formation of steep channel walls through erosion or other forces that separate the stream from its primary floodplain.



GLOSSARY

The primory fedaral baw in the United States govarning water pollution, This legislation and its amendments provide the basic
rapulatary framswork for the prataction of wates quality through contral of discharge of paliutants inta surface watars, including the
management of stomwater runoff. Farmally referred to as the Federal Water Pollution Control Act, Public Law 32-500

coal ash
#eo roforred to a5 coal combustion resideals or CORS, coal ash is produced by the burning of coal, most sbundantly by coal-fired
power plants. Coal ash Includes a numbar of by-products praduced fram buening coal, including fly ash and hattom ash

cambined sewer overflow (C50)
The discharpe of the co-minglad of stormwater and sanitary wastewater to a receiving watarbody during starms when the capacity
of a combined sewer system to transport or store the increased flow volume is exceeded.

combined sewer system (C55)
A sewer system that comveys both stormwater unoff and municipal sewege simultaneously with shared infrastructure to @ waste
water traatmant facility,

complete creek

Riparian coridors that are holistically planned, designed, built and maintained te enable the efficient use, shared access, and
healthy ecological condition of the watar body and its surrounding landscape. Complete Craaks accommodate multiple functions,
including wtility rights-of-way, pedestrian and bike access, and water-based recreation. The Complete Creek planning construct
may be used to rehabilitate impaired watar bodies in urbanized argas or as a proactive means to protect water bodies in the path of
urhanization.

complete street
Street rights-of-way that are holistically designed, built and operated 50 a3 to accommedate a diversity of uses and safe occupancy
by usars of all apes and abilitias, including padastrians, hicyclists, motarists and public transportation.

contaminant
A substance in @ concentration that adversely affects the physical, chemical, or biological properties of the natural environment.

creek squad
A propased non-prafit arganization of trained water resourca axperts that providas equitable and affordable access to spacializad,
on-demand and situation-specific water resource technical assistance.

developed land
Land that has been altered from its native, undisturbed condition to support human uses and activities.

discharge
Tha raleass of water, somatimas contaminatad, inta raceiving waters through permittad or non-permittad activitias,

district stormwater management

An approach to stormwater management that allows hydrologically-defined districts to satisfy quality and quantity requirements
collectively, alleviating pregsure for requinements to be met by individuad property owners if they have been offset by rungff
avoidance, minimization or management investments elsewhers within the district.

drainage area
The area of & site that contributes runoff; used to calculate dimensions for structural SCMs.
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gasemant
A land usa Instrumant through which tha lagal rights to accass a property are prantad to a desipnated user or proup of users, but the
legal title of that proparty remging with the owner of the Iend,

gcosystem
A disceete, interconnactad, and dynamic system of interactiong hatwasn all living orpaniems and the shintic phyelcal anvifanmant
within & defined area.

ephemeral stream
A stroam that has flowing water only during, end for @ short duration after, precipitation events, Runoff from grecipitation is the
primary source of watar far aphameral strasms.

erosion
The wearing eway of rock and soil due to wind, water, ice, or other physicsl, chemical, or biologicsl forces. The rate of erosion mey be
incroasad by devalopment,

eutrophication

Procass by which a waterbody undergoes an increase in dissolved nutrignts, often leading to algal blooms, low dissolved oxygen, and
changas in community structure. This naturally-occurring procass can accalarated by incraasad nutriant levals in raceiving waters
due to human activities.

evapotranspiration
The sum of watar vapar antering the atmasphars through the evaporation of watar from land and water surfaces and the uptake and
release of water by vegetation through transpiration.

filtration
Process through which contaminant levels in water arg reduced by means of physical removal or chemical decomposition during the
rmovemant of watar through a madium, Examplas of filtering madia includa soils, roat 20nas, vepatatad areas, sand, and pravel,

first flush
Stormwater that rens off an area during the beginning of a rain event. This runoff is widely expected to be more polluted than the
stormwater that runs off later during the same event. Generally considercd to be the runoff from the first inch of rainfall,

flow rate
A measuramant indicating 2 valume of water per unit of time, most often cubic feat per second, Somatimes used interchanpaably
with velocity.

fly ash
Avery fing, powder-like material composed mostly of silica that is a by-product of the combustion of finely ground coal in 2 boiler.

global positioning system (GPS)
A systam of satellites ochiting tha sarth that enablas the pracize Incation of receivers and ather aquipped devicas ta he determinad,

green infrastructure

A gystem of open or green spaces distributed throughout @ watershed that provides ecosystem senvices and environmental benafits,
including racreation apportunities, to enhance averall environmental quality and peovide utility sandces, Graen infragtructurs
includes preserved natural spaces and constructed landscapes such as wrban parks and waterfronts. As a general principle, green
infrastructure uses soil and the natural hydrologic metabolism of plants to infiltrate, uptake, evapotranspirate, and/or recycle runoff,

greywater
Wastawater that may ba collacted from sinks, tubs, showers, dishwashers, clothes washars, and athar nan-tailat sources. In
cammunities that parmit praywater recyeling, it is most often reusad for irrigation of non-adible landscapas.

groundwater
Water occurming beneath the earth's swiface, typically in aguifers, that supplies wells and springs and is @ key source of drinking
water,



headwaters

Spring-fad o ephemeral straams that are the odging of a river systam and ara tha tributades furthast from tha rvar's endpaint or
canfluence with another water body. Hesdwaters make up the majority of river miles in the United Stetes and combing with ather
tribistaries to form larger, more recognizable and iconic streems and rivers. The landsoape within which these tributary streams ang
Incated ara referred to as headwater landecapes

heavy metals
Elemonts such as zing, mancury, lead, and copper. These elements can become mobilized in stormmwater and sre prone 10 accumulate
i urban watar hodiss due to human activitiss—maialy automobils use and the decomposition of matal strusturas.

hydro academy
A proposed locel, national and intemational center for water quality with a miszion to conduct innovative research, increase
awareness and copacity through educational initiatives, and catalyze water quality improvamant through community angagement,

hydrocarbons

Organic chemical compounds mede up of sokely carbon and hydrogen. Predominantly vsed as combustible fuel and, in solid stats,
asphalt; a pollutant of concem in wrban areas due to its contribution to ground level ozone and smog and persistence in soil and
wiater,

hydralogic cycle
The eontinuaus movemant of water on, above, or halow the sarth’s surface through processas including pracipitation, cannmy
interception, condensation, plant uptake and evapotranspiration, runoff, infiltration/percalation, and storage.

hydrology
The study of the movamant and distribution of surface water and proundwater in a system,

hydromadification
Alterations to the natural hydrologic cycle that result from changes to the landscape’s physical condition, incleding soil compaction,
cangpy or ather alterations to native vegetative conditions, stream channelization, and the introduction of impervious surfaces such
as huildings and mads.

impaired water body
Awater body, or segment thereof, that has been identified as failing to support one or more of its designated uses. See: 303(d) List,
Thraatanad Water,

impervious surface

1) A surface that either prevents or limits the movement of water into the soil as would naturally occur in @ pre-development
condition; 2) A surface that couses water to runoff in greater quantities than that eccuring under natural or pre-development
conditions.

infiltration
The movement of water into the ground through air spaces between soil particles.

infrastructure

The basic facilities, networks and systems necessary for the functioning of @ community, society, or ecosystem. Traditionally,
infragtructura has been thought of a5 man-made structures such as highways, power plants, and sewer systems. Contamporary
conceptualizations expand this definition to alzo include systems that permit data sharing, the exchange of knowledge, and the
mgvenent. of wildlifie.

land use

The activity that is enabled on a landscape because of the menner in which it has been developed, such as the types and number of
buildings, the presence or absence of paved surfaces, vegetation, and supporting or specialized infrastructure. Certain land uses are
commonly associated with specific water quality threats, such as ydrocarbons from refueling stations,
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low impact development
An approach to site planning, design, amd development that seeks to evoid, minimize, and menage impacts to water resources by
stowarding and reintroducing natural hydrologic processes into devaloped watersheds.

mitigation bank
A watland, stream, or other aquatic resourca area that has besn restared, astahlishad, anhancad, or presenvad for the pumosa of
providing compensation for unavaidable impects to aguatic resources permitted under federsd, state or locel wetland regulstion.

municipal separate storm sewer system (MS4)

A storrwestar drainape netwark (including road drainape systams, municipal streats, catch hasing, curhs, puttars, ditches, man-
made channels, or storm draing) that is owned or opersted by 8 locsl government or designated entity (such &s & stete, city, town,
barough, county, pansh, district, essociation, or other public body).

national pollutant discharge elimination system (NPOES)
A repulatory program in tha Fedaral Claan Watar Act that prohibits the dlecharge of polutants into surface waters of the Linitad
Stetes without & pemmit.

npdes phase 1
Igzued in 1930, the Phase 1 regulation requires medium and large cities or certain counties with populations of 100,000 or more to
obtain MPOES permit coverage for their stormwater discharges.

npdes phase 2
Izsued in 1999, the Phase 2 regulation requires small M54z in wrbanized areas, as well &8 small M543 outside the urbenized sreas
that are designated by the permitting authority, to obtain NPDES permit coverage for their stormwater dischiges.

nonpoint source (NPS) pollution
Pallution that originates from diffuse sourcas and is often canveyad ta recalving watars by etormwatar runoff, rendaring it mora
difficult to monitor, manage or regulate than point-source pollution.

nutrients

Substances such as nitrogen and phosphorous that ane required by plants and evimals for growth, In some circumstances,
excassive nutriant additions to surface waters may rasult in excassive algal ar plant prewth and, subsaquantly, the accumulation
and decay of increased organic matter. See: Eutrophication,

pathogen
A MICrosCopic organism, Such 25 certain vinges, bacteria, or fungi, capable of causing disease in another erganism.

peak flow reduction
Paak flaw is the rate of highast stormwater voluma that flows during a storm avent. Cartain SCME reduca pask flow and decreass
the risk of floods, reduce pressure on stormwater infrastructure, and protect stresm channals,

permeable / pervious surface
Material or medium that allows the infiltration or passage of water or othgr liquids.

phytoremediation
The mitigation of contaminated sail, water, or air using plants to sequester, deprade, or remova pallutants

point source pollution
Pollution that can be treced to & single point or output, such &z a pipe at an industrial fecility.

process water
Water that is used in commercial and industrial processes including materials fabrication, cooling, product or by-product
conveyanca, processing and waghing, and tha claaning of facilitias or instrumants.



receiving area

A landscepe ares designated through a formal Transfer of Development Rightz program, Owners of property within a receiving area
miay purchase development rights fram participating ownges of property owners in sending ancas, Receiving arees e commonly
Incatad whaera axisting public earvices and infrastructuras are adaquate, or may readily and aconomically ba enhancad, to support
adiditional developmant intensity and population density.

receiving waters
Any rives, straam, rasanal, or other waterhady into which etormwatar o athar material [s discharped,

reclaimed water

Wastewater that has beon treated o o regulated, non-potable level at o wostowater treatment fagility to remove solids and
impurities. Whars parmitted, raclaimad water may be used ta irigata landscapas and non-adibla crops, and to maat demand for
compliant residential, commercial end industrisl water uses, including conveying wasta (toilet water).

right-of-way (ROW)

A typa of eesement granted or resorved over the land for specified purposes. Common types of rights-of-way accommodate roads
and highways, public footpaths, rail transport, canals, as well a5 electrical transmission lines, oil and ges pipelings, and other
utilities. Rights-of-way agraamants may be rensgotiatad and the affectad landscapes reorganized to accommodate naw uses.

riparian area (corridar)

Waterbodies and their adjacent landscapes whose ecosystems are influenced by the perennial, intermittent, or ephemeral presence
of surface or groundwater from the adjacent waterbody. Riparian areas characteristically include both temestrial and aguatic
ecosystems, commaonly have high water tables, and are vulnerable to occasional flooding.

river basin
Thie watershed encompassing all the land that drains to a major river. Water that falls within the river bagin flows into the major river
via lower order watershads. Sea: Watershad.,

runaff
Water that runs over the surface of a landscape to a receiving waterbody when the volume or rete of precipitetion exceeds the
infiltration capacity of the landscape surfaces on which it falls.

sending area

An landscape area dasipnatad theough a farmal Transfer of Developmant Rights program. Ownars of proparty within a sending araa
may veluntarily sell their development rights to participating progerty owners in receiving areas. Sending areas are commanly
lpcated where the productive, scenic, or ecological value of the landscape in its curment condition of use wiirants its presenvation.

sediment
Particles of dust, soil, and debris, commonly referred to as suspended solids, that have been moved and subsequently deposited by
weater, wind, or gravity. Sediment also trangports other contaminants that bind thomselves to the particles.

shared space

An urhan desipn stratagy that seeks ta minimize the segragation of matoriste, cyclists and pedestrians through the remaval of
curbs, road markings, traffic signals and signs, creating an environment that shared space advocstes suggest is safer due to the
traffic calming effects of the resultant proximity of users and o decluttered visual environment.

silviculture
A process through which forested landscapes are managed, harvested, and regrown, resulting in a forest of distinctive ecolegical
structure and physical form.

silvopasture
The agricultural practice through which trees, forages and livestock are simultaneously grown on the same acreage.
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stormwater control measure (SCM)

A specific type of BMP thet is @ permanant intervention, including special management of the soil end vegetation and/or a physical
faility such a5 o rain gardon, constructed wetland, or raimwater cigtam, that is specifically designed 1o avoid, mimimize or manage
stormwater nmoff quantity and quality

stormwater runcff

Procwpitation that does not soak into the surfece on whsch it folls, but insteed runs along the surfece downslope to stommwater
Infrastructura and/or raceiving watars, Generally, the voluma and flow rata of etorrmeatar runaff is increasad by imparvious surfanes
such g3 rooftops, parking lots, roadweys, and compacted soils from which deposited contaminants may become mobilized.

surface water
Warar collactad on the landacaps in any waterhndy such a8 & straam, river, rsarain, [ska, or ocasn

threatened water body
A water body, or segmant thereof, that has been identified es likely to not support its designated uses. See: 303(d) List, Impaired
Watar.

total maximum daily load (TMOL)
The maximum amaount of a specific pollutant that can be discharged to a body of water that if exceoded, the quality of that reconng
hady of watar will ha halow its articulated water quality standards for the spacific palltant.

transfer of development rights (TOR)

A program that allows landowners within designated sending arneas to sell development rights from thel land (sending site) to @
davelaper or other interastad party who then can use these rights to incrases the dansity of devalopment on a recelving sita within
designated receiving areas. TRD programs are voluntary and incentive-based.

transit oriented development (TOD)

Davelopment within a walkahla distance from a transit station (whether axisting or plannad) and complementary transportation
options that offers a mixtwe of housing, employment, and shopping opportunities and a density of populstion adequate to sustain
transit service.

treatment train
A zerigs of structural SCMs sequenced to achieve quantity management and treatment of contaminated stormwater runoff,

urbanization
The process thraugh which land usa and landscape surface conditions are changad fram rural characteristics to urhan and sub-urban
characteristics; typically associated with an increase in population density and impervious surfaces such as roads and buildings.

water table
The depth at which soil is saturated by groundwater.

watershed
Tapngraphically defined land area within which surface water drains to a single outlat paint. Watarshads are dasipnated with
Hydrologic Unit Codes (HUC). See: http://water.usgs.gov/GIS/ huc.html

wastewater
Water that is used to convey, and is thus contaminated by, solid waste (human and animal excrement). Waste water must be
traated through regulated procasses and facilities befare it is discharged to surface or ground water,

wetland

Landsc:ape araas whera the soil is inundated or saturated by surface or proundwater year-round or at intarvals during the yaar,
Wetlands may support both aguatic and temestrial vegetation. The conditions of a wetland favor specially adapted plants capable of
living in hydric soils. Wetlands include swamps, marshes, bogs, and similar aneas,



Glossary Sources
Definitions within this glossary have been informed by, and have occasionslly sdepted wording frum, the following sowrces:

Collate, B, et al “Low impact Devalopment: Opportunities for tha PlanET Rapinn " Publishad 2013, Accessad Februsry 2017 htepe
pleneastin.org/LID.

Oepastmant of Envirenmantal Resawees, Programs and Planaing Division, ‘Low-impact Davelopmant Desipn Strategies: An
integrated Design Approach.” Prince George’s County, Mandland. Published 1999, Accessed January 2017, https//nepis.epa.
gov/.

Ludwig, A, J. Buchenan. "Tennesses Sterm-Smart Glessary of Terms for Commamities.” University of Tennesses Extension Sarvice
Publication W301. Published 2015, Accessed Jonuory 2017, https/fextension tennessee.edu/publications/Documentsf
Wan1 pdf

Mationgl Associetion of City Transportation Officials. “Urban Street Design Guide,” Accessed February 2017, http.//nactouorg/publi
eatinnfurhan-strest-decipa-pulda/

Perrin, C., gt al. “Low Impact Development: A Guidebook for Morth Carolina (AG-716)." NC Cooperative Extension Service, NC State
Univergity. Published 2009, Accessed February 2017, hitps:/fwww.ces.nesu.edu/depts/agecon/WECD/ lid/documents/
NC_LID_Guidahook pdf.

Smart Browth America. "Transfer of Development Rights Policy Primer.” Accessed February 2017, https:/fwww.smartgrowthameri-
ca.org/app/lagacy/documentstranster-developmant-rights-policy-taolkit pdf.

United States Air Fores. *Frequently Asked Quastions.” GPS pov. Acceseed Fabruary 2017, http:/fwwew gpe govisupport/fag/.

United States Army Conps of Engineers, “2012 Nationwide Permit Information.” Accessed December 2016, http:/fwww.usace.anmy.
mil/Partals/2 /docs eivibvarks/mwp/2012/NWE2012_corractiong_21-sap-2012 pdf.

United States Departmant of Agriculture. “Thesaurus and Blossary.” National Agricultural Library. Accessed February 2017, hitps.//
apclass.nal usda poviplossary. shtmi,

United States Environmental Protection Agency (USEPA). “Temminology Service.” Accessed January 2007, hittps:/fofmpub.epa.gos/
sof_intamat/registry/termrap/saarchandratriave/tarmsandacronyms/search.do.

LUSEPA, *Mationa! Pollutant Dischargs Elimination System (NPOES) Permit Bagics.” Accessed December 2018, https:/www.opa.gov/
npdas/npdes-parmit-basics.

United States Geologic Survey, "Beologic Glossary.” Accessed January 2017, https://geomaps. wiusgs.gov/parks/misciglossara.
htrl.

United States Departmnt of Agriculture Forest Service. “Reforestation Glossary.” Accessed Febmuary 2017, httpso/fwww.fs fedus/
rastaration /raforastation/plossary shtml,
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ABBREVIATIONS

BMP
CAFD
CWA
oar
EPA
GOAT
Gl
GPS
HUC
LD
M54
NPOES
NP5
PSRPs
RO
301
BLM
SETD
STEM
TOEC
Tonar
TOR
TMOL
TaD
TVA
z0s
USGS

Best Menagement Practice

Concentrated Animal Feeding Operation

Claan Watar Act

Department of Transportation

Emaronmental Protection Agency

Georpia Department of Traneportation

Grean Infrastructure

Global Positioning System

Hydrologic Unit Code

Lenw Impact Devalopment

Municipal Separate Storm Sewer System
Hatienal Pollutant Discharge Elimination System
Honpaint Sounce

Processes 1o Significantly Reduce Pathogens
Rights-of-Way

Smart Communities Initiative

Stormwater Control Measune

Southaast Tennasses Developmant District
Science, Technology, Engineering, and Mathematics
Tennessee Department of Environment and Consarvation
Tennessae Department of Transportation
Transfer of Development Rights

Total Maxirum Daily Load

Transit Qrientad Davelopmant

Tenneszee Valley Authority

United States Department of Agriculture

United States Gaolopical Survey

University of Tennessee, Knoxville

Wastowater Treatment Plant



FUNDING

The following have been identified by the Southeast Tennessee Development District as potential
funding sowces for water guality improvement strategies identified in this publication,

AGENCIES

ARC- Appelachian Regional Commission

EDA- Econpmic Development Administration

EFA- Environmantal Protaction Agancy

FEMA- Federal Emergancy Management Agency

HUD- Housing and Urban Developmant

TOEC- Tennesses Department of Environment and Congervation
TOOT- Tennessas Department of Transpartation

TEMA- Tennessee Emergency Mansgement Agency

THOA- Tennessee Howsing Development Agency

TNOPA- Tennassee Dapartment of of Apriculture

THNECD- Tenneszee Department of Economic and Community Development
TvA- Tannasses Vallay Autharity

USACE- United States Army Corps of Engineers

USDA- United States Department of Agriculture

LISFWS: Linited States Fish and Wildlife Sarvica

PRIVATE

Lyndhurst Foundation

ADDITIONAL RESOURCES

grants.gov
*Contact SETD for aid in identifying funding for lecal governments
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ADDITIONAL RESOURCES

The following are scurces of general information about planning concepts fundamental to HydrolIT's water quality
improvement strategies, a5 wall s detailed informetion about the specific projocts and initiatives referenced in
aach stratepy's pracadants and suppested tactical Intarventions

DEVELOPMENT

INVIGORATE UNDERUTILIZED LAND

Tactical Interventions:
1. Pocket Perk: Nationsl Recreation and Parks Assec.
https:ffwwwonrpagrgfcontentassets/ (T804 28530004 03500 5502001137 261 7 fpocket-parkspdf
2. Pog-up Plaza: San Francisco, hitp:/fsfrecpark. orgfreservablefacility/union-square/
Boston, http:/fpavernanttoparks.arp/plazas/plaza-projects/jack-london-pop-up-plaza/
3. Rooftop Farms: http:/f'www.rooftoprepublic.coms

Precedents:
1. Densa Manufacturing: http:/fweww.densomedia-na.com/news/shaw/id /538
http./ fervewmiakeitinmeminn.org/news view 34/ denso-partners-for-nzw-gcopark
http://clevalandbannar.com/storias/densa-opens-phase-i-of-athens-acapark, 33342
2, DyeScapes: hitp:/fwww.dvescape.org

RECLAIM BROWNFIELDS

General Resources:
1. EP&: https=/fwww.epa.gov/brownfields

Tactical Interventions:
2, Pollution containment: http:/fwww ciranrp/Resources/Frea _publications/c7 36 asm
3. Development of Profitable Phytoremediation of Contaminated Soils with Biofuel Crops: hitp./fweew.scirp.
org/joumal/Paperinformation.aspx?Pape:|D=30858
Phytaremadiation Craps and Binfuals: http://ink sprinper com/ohaptar/ 101007 %3F878-3-318-16742-8_7

Precedents:
1. Brownfield redevelopment: Renaigsance Park, Chattanooge Mtpsd Mendscopeperformance.org/oase-
study-briefe/ranaizsanca-park

EXCHAMNGE DEVELOPMENT RIGHTS
General Resources:
1. TOR ganaral resourcas: http/fconsarvationtonls orgfpuidas 1 2-transtar-of-devalopment-riphts
2, TOR programs resources; http:/wew madisonga.com/index. aspx?NID=E626
3. TDR Smart Growth America; https./fwwa smartgrowthamernice orglfapp/legacy/doc
uments/transfar-devalopmant-rights-palicy-tonlidr pdf

Precedents:
1. Chattahonches Hill Country: https://paorgiaplanning. org/student_reports/2007/13-TOR%20and%20
Chatt%20Hill/CHC_TOR_repart.pdf
2. King County and City of Seattle: hitp.//www.kingcounty.gov/services /envirpnment/stewardship/sus
tainable-huildingtransfer-davelopment-riphts/racehving/Seattle-tdr.aspx
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USE DISTRICT STORMWATER MANAGEMENT

Tactical Interventions:
1. Community Engagement (Dyster tectura); https:/www.Bsgft com/living-brookwatars-an-gward-winning-
projact-brinps-oystar-tacture-to-the-shors-of-staten-lsland/
2. Claxton rain garden; http://tntodey.uthk. edu/2016/02/05 /claxton rein-garden: completed part-green-infre
structure-project/

Precedents:
1. Georgia Tech Foo Commans: http//nigue.net/news/2016/03/30/eco-commans-to-be-social-spaca-raser
voirf
2. Shoemaker Green at UPENN: http:/fwww.pennconnects.upenn.edu/find_a_project/alphabetical /shoemak
ar_prean_alpha/shosmaker_praan_overview php

TRANSPORTATION

EMPLOY REGIONAL TRANSIT

General Resources:
1. Smart commute: https:/fwww.tn.gov/tdot/topic/smart-commute-ridesharing

Precedants:
1. SETHRA (Southeast Tennssesa Rural Regional Transit): hitp:/fwww sethratransit ong/
2. Sound Regional Transit; http:/f'www.soundiransit.org/About-Sound-Transit

INMCREASE PEDESTRIAMN + BIKE ACCESS
General Resources:

1. Bike Infrastructure; http:/fwww.cityleb.com/commutes 2013/06/10-brilliant-pieces-bike-infrastruc
ture/BO0S/

2, Small Town and Rural Multimodal Networks Guide: httpe/faltaplanning com/rasources/small-town-ru
ral-multimodal-networks-guide/

3. NACTO Urban Street Design Guide: http://nacto.org/publicationfurban-street-design-guide

Tactical Interventions:
3. Open Streets: http://fopenstreetsknoville.com/
Open streets project: hitp:/fopenstrestsproject.ong/
4, Commumity Bike Ride: http:/fwwwnewarkpostonling com/news/articls_Gafeficle-fah3-Gchl-adda-afh
23ecdBEGE.tml

Precedents:
1. Market Square: https://nextoity.ong/dailyfentry/knanlles-market-square-shows-padestrian-only-spaces-
can-work-ton
2. Whitwell Multi-Modak: http://www.chattanoogan.comy/2015/6/9/302105/East-Ridge-Whitwell-Get-Large-
State.aspx



DEVELOP VIA TOD SITES

General Resources:
1. Transit Oriantad Developmant Institta: hitps/feww tod org/

Tactical Interventions:
2, Pop-up Markets: httg/fwwwnewsobservercom/living/fashion/article 68764432 htm

Precedents:
1. Hamilton Springs: http:/ feaw lshanondamocrat com/Local/20014/03/ 20/Hamilton-Springs-awarded-1-6-
million-grant-for-commuter-rail-station
http:/fwww tennessean.comystory money/ homes/ 2016/ 11123/ nas-re-transit-develop
mant-1127/34085276/
2, MLK Rail Station: https://www.austintexas. gov/sites/default/files/files/Planning/Urhan_Design/MLK_
Jr_Bivd._Final_SAP_Low_Res.pdf

ADOPT SHARED SPACE
General Resources:

1. Redesipn cities as shared space: http//wwe sharesbla nat/blophaw-can-we-radasipn-cities-as-shared-
Spaces

Tactical Interventions:
1. Georpatown Sidewalk widening: http://www paorpatnwnds com/sidewalk-widening-october-2015/
3. Parklets: http://pevementtoparks.org/parkiets/
http./fnacto.org/publicationfurban-street-dosigr-guide/finterim-design-strategies/porklot s/

Precedents:
1. Chicago Argyla Strest: httpe//chistreetsblop orp/ 2016/ 11/05/chicagas-first-shatad-straat-on-arpyle-is-
officially-open-for-business/
2. Downtown Eugene: http:/fnacto.org/docs/usdgshared_space_stroets_cdapdf

ECOLOGICAL PROTECTION

PROTECT HEADWATERS + RIDGES

Tactical Interventions:
2. Composting Toilets: http:/fwww letsgogroencom/how-composting-toilats-work itm|
Cormposting: https:/fwww apa pov/recyola/somposting-homs
3. Leach field plantings ¥T: https://pubs.ext.vt.edu/d26/426-617/426-617 _pdf pdf
Landscaping on Septic mounds: http:/fwww.eatensionumn.edu/gerden/yard-garden/lendscaping/landscap
ing-gaptic-cystams/
Landscaping an saptic fislds: http/fwwecclamson adufextansion/hgic/plants/fatharlandscaping hgic 1726,
hitml
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Precedents:
1. Senue Project: httpe://chattahooches ofp/our-work/headwatess-ragional-affica headwatars-straam-ras
toration/

2 Rin Granda Haadwaters Restoration Projact: http:/fwwew rloprandeheadwatars org/

SAFEGUARD WETLANDS
General Resources:

1. Chattanonpa Mackey Branch Wetland: hrtp://www chattanoogaaudubon org/mackey-branch-watland html
2. Renaizsance Park Wetland: http://152.874.98/river/neighbors,aug06/wetland.htm

Tactical Interventions:
3, Demanstration watland slides: https:/fwww bas.ncsu adu/programe faxtansion/wig/workshop/
Iwwetland pdf

Precedents:
1. Hatchie River Wetland: http:/fwww.twrf.net/hatchie-river-wetland-mitigation-bank/
2. Bartley Gravel Wetland: hitps/fwww.unh.edufunhsc/sites/unhoedu. unhse/files/pubs_specs_info/un
hee_pravel_watland_specs 608 pdf

DEVELOP COMPLETE CREEKS

Tactical Interventions:
1. Farm walk/tour: http:/fwwwmssagnet.net/2013/08/12/slabama-farm-tour-sprouts-ideas/
Self-puided rivar undarpeound tour: kttpe/fwwe townbranchwatanwalk com/

Precedents:
1. Mill River Park: http:/fwww.millriverpark.org/aboutus/
hitps./figsuu.com/niarhodesjackson/docs/the_plen_for_mill _river_park_v8_iss
2, Sand Craak Grasnway: httpe//sandcraekpreamsay.arg

GP5-GUIDED GRAZING
Tactical Interventions.

1. Alternative water sources for livestock: httpyfewwvacd ong/field/altemative-water-sources
Artificial/constructad spring: http/fwan cauky adu/apeommipubs/aen/sendfaanS8 pdf
Watering Systems for Serious Graziers: https://prodnres. usda.gov/Intemet/FSE_DOCUMENTS/stel
prab 1144213 pdf
2. Silvnpasture: Establishment and Managamant Principles for Pine Forasts: httpe//nac.unl adu/documants/
morepuiblications/sivopasturehandbook.pdfl;
General silvopasture information
http:finae.unladu/practices/sihopasture htm
3. Streambank plantings: http://www.ecswod.org/docs/ 04 -streambank.pdf

Precedents:
1. Altemative Grazing: hitp:/fwww.stonebamscenter.org/farm/news/
2. BPS Grazing: httpv-en-u-g.com/Invisible-Fences-An-interview-with-Dean-Anderson



Waste

BIOSOLIDS

General Resources:
NOTE: TOEC and EPA regulate and permit these types of biosolids prectices. Bicsolids processing and appli
gation must be compliant with the federal iosolids rula within 40 CFR Part 503 A guide 1o this rulg can be
faund at: hrepe://waw epa pov/sitesoroductinn/filas/2015-05/ documants/a_plain_enplieh_pulda to_tha
epa_part_503_biosolids  rule.pdf
1. EP&: https:/fwww.epa gov/biosolids/basic-information-about-bigsolids
2, Bingalids Managamant Pragram Manual: http:/fwwaw lewsatp.arp/Home/ShowDocument *id=T 364
3. National biosolids partnership: httpy/fwww.weat.org/Presentations/2014Eckenfelder_Moss.pdf
4, \Itilizing Biosolids on Agricultural Land; https:/fmsu.edu/-warncke/E2781%20Utilizing% 20Biosolids 20
an%20Apricultural¥20Land pdf

Tactical Interventions:
4, Dewatering sludge: hitp:/fwww.tpomag.com/online_exclusives/2013/03/reed_bed_technology_for_bio
solids_dewatering and_storage

Precedents:
1. Mocassin Band Wastawater Traatrmant Plant: http:/ fwww chattannnpa. gav/public-workefintarcaptor-saw
er/binsolids-management-system
2. Bowlder Park Project; hitpe/fwww kingeounty.gov/services/environment/wastewater/resource-recovery
Lonp-Binsalids/Projacts/Agriculturs. asp R BF

INCORPORATE COAL ASH

Tactical Interventions:
2, Streambank Revetment (without coal ash), Lake County, Chicago: http/fwewlrc.usace.anmy.mil/Port
als/ 36 /docs ragulatany/pdf/ StrmManual pdf

Precedents:

1. Ecological Tech Fly Ash Brick FADs: httpe/fecologic-tech.com/fags. htmi
2, Ashevilla regional airport: http:/feww citizan-times com/story/local/ 2014/07/08/tons-coal-
ash/12435649/

REDUCE POLLUTION PRESSURE

General Resources:
1. Graywater guida ALIS: hetpe/fwww thegraywaterpuide.com,tha-2-minuta-guide html
2. Information on greywater usage and comgposting toilets: hitp:/fgreyweteraction.org/contentabout-greywa
terreuse/
Precedents:
2, Popular plantation in Woodbum, OR
hittp:/fwww tpomag com/editarial (2014/07 ftreatment_with_treas
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Household
Tactical Interventions.
1. Water catchment: httpe//www wastowateroducation org/teacher_rasources htmi
2. Rain Barrel: httpe:/fwwwi watercache com/faducation/rainwater-harvesting-101
3, Proper Orug Disposal: hitpy/fwww.fda.pov/ForConsumers/ConsumerUpdates/ucm101653 hitm

Precedents:
1. Moblle Hezardous Waste Services  hitps:/fwww.tngovfenvirenment/topic/sw-mm-household-hozard
OUS-Waste-program
2, Unwanted Medication Callaction: http:/fwwe knoodlletn, gov/povammant fcity_departments_offices/pub
lic_service solid_waste/unwanted_medicings_collection

EDUCATION

CREEK SQUAD

Precedents:
1. HelloTech: https-/fwwwhellotech.comd
2. SETO: htep:/fwanw sedev.orgfwwar

FILOT MOBILE LEARNING

Tactical Interventions.
1. Town Branch Water Walk: hittps/ fwww. townbranchwaterwalk com/news htmi
2, VODAWATER: hitpe/ fwwewmpml sifen/city-mussum-of-ubana-377 feity-mussum-of-ljubljana,futura-axhi
hitions-523/water/
3, Amphibious Architecture: http/www.environmentalbealthelinic.net/xeoz/projects/amphibious-architee
turay
4., Biology in 8 Box: http:/ /hiclogyinabox.utk.edu/

Precedents:
1. The Learning Barge: http:/fwww.arch.virginia ede/lsamingbarge/
2, Water: H20 Exhihit: http:/fwww amnh.orp/axhibitionsfwater-h2a-lifa/

ESTABLISH THE HYDRO ACADEMY
Tactical Interventions:

3. Renaissance Park: hutp/fwww hargreaves.com/work/chattanoega-rangissance-park/
4, BMW Guggenhaim Lab: httpe feww browpugpanheimlab orpfwhat-ls-the-labfarchitecturs

Precedents:
1. Dak Ridge National Lab; hitps:/fwww.oml.gov/
2. Salk Institute: hitp:/fwww.salkedu/



SYNTHESIZE + VISUALIZE DATA
Tactical interventions:
3. Water Quality Monitoring Kit: www.caroling.comfanvimnmental-scionce-water-quality/lamotte-groan-we
tar-quality-manitoring-kit /52567 pr
4, Combining Big Dats and Crowdsourcing to Build a Smart City: http//www.newcitiesfoundation.org/ocom
bining-big-data-crowdsourcing-tuild-smart-city/

Precadents:
1. Living Light Structure: http://www.livinglightseoul.net/
2, EcoAtlas: http:/fecoatlas.onp/

OTHER RESOURCES

1. Small Town and Rural Design Guide: httpy/frurakdesignguide.com/

2. Strong Towns: http://www.strongtowns.org/journalf 20171/ 3/ five-law-cost-ideas-to-make-your-city-wealthierfutm_
content =bufferdd3eeutm_medium=socialGutm_source=Tacebook.comButm_campaign=buffer

3. Hamilton Co Water Quality Program: http:/fwwan hamiltontn pov/waterqualiny/

4, South Chickamauga Greenway Alliance: http://www.outdoorchattanooga.comy/|and/south-chickamauga-creek-green
WA TUnmng

5, North Chickamauga Creak Consarvancy: hitp:/fwww narthchick org/

6. Green|Spaces: http:/fwww.greenspaceschattanooga.org/

7. The Urban Design Studio; httpe/fwww.chattanoogastudio.com)

8. Tennassas Aquarium Consarvation Institute: http:/fwww tnagqua.arg/protect-frashwater
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Unlogs otherwise noted, alf sources were last sccessed and verified in Fetvusry 2017,

1. "Hickajack Reservoir, TVA: Tennessee Yalley Authority, Accessed August 2016, httpsy/fwww.tva.gov/Environment/Environmen
tal-Stawardship/Water-Quality/Resenvoir-Health-Ratings/Nickajack-Reservoir,

2, “Tannassan Water Quality Assessment Repart,” Unitad States Environmental Protection Apency, 2012, Accessad Aupust 2016,
https://fiaspul.epa_gov/waters10/attains_state.control?p_state=TH,

2. “Plants and Wildlife,” Tonnessee Valley Authority 2014 Matural Resources Annugl Report, Wttpd/flakeinfo.tva gov/welb/environ-
mant/201draport/plants-and-wildlifa hrml

4, Esther Parish, Benjamin Preston, and Yirginia Dale, "Sustsining Tennessee in the Face of Climate Change: Grand Challenges and Great
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HYDRO LIT

\hi-(,)dra-lits | noun

(1) hydrologic literacy; (2) a heightened awareness and
understanding of the interconnectedness between water
resources and urban, suburban and rural systems, thus enabling
enhanced decision making about short term behavior and long
term planning by individuals, agencies, and communities in the
SETD Region.
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