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ABSTRACT

The goal of this graduate terminal project washiow how tdalance the needs for urban
development with stormwater managemwithin limited land space bgpplying the concept of

the Low Impact Development (LID) networksvhich is developed byhe University of

Arkansas Community Design Center (UACD®) a new gegraphy (urban watershed level).

LID networksmainly utilize public open spacder stormwater managemeinturban

watersheds. Tumblin Creek Watershed, an urban watershed located in Gainesville, Florida, was
selected as an example for addressingthisGaslt o t he compl exi ties of
stormwater management issues, this project designs LID retfarthe Tumblin Creek

watershed be examining various types of public open spaces and how they relate to the LID
strategiesThe research objectives were to (1) identify public open spaces in Tumblin Creek
Watershed that could potentially be used formt@ater management, and (2) analyze issues and
stormwater features of the Tumblin Creek Watershed to figure out suitable LID facilitiety then

combine them to form a LID network.

The primary method for this graduate terminal project was-aejth litgature review along
with multiple case studiesind applying in design to demonstrate the possibility and issues of
creating a LID network in the Tumblin Creek WatershHuk literature review providansight
into understanding LID netwoslandtheir paterns, while the case studies analyzed and
identified how to choose suitable LID facilities for public open spaces to form LID network
under specific conditions. In addition, site analysis was utilized to measure the suitability of
Tumbl i n Cr e eplblicwWpen spacsshcecrkdiesa LID network that balances local
communi t i ereddordavelopmentasendll aenvironmental protectiofMoreover,
developingdesign guidelines offers the opportunitiesfiguring out how LID networks can be
applied to the Tumblin Creek Watershed and revealing issues that would be encountered in

creating the LID network.
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Theprojectconcluedthatthe vegetated open spaces (including parks, greenways, and self
organizingconservation areas), rigbf-ways, and parking lotsf the Tumblin Creek watershed
couldform a connectedlID network. Designersand developersanlearnfrom thestrategies
discussed in this projetd create sustainablgbanenvironmentith LID networksin the

future
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CHAPTER 1: INTRODUCTION

1.1CONTEXT: FLORIDA BACKGROU ND ABOUT STORMWATER MANAGEMENT

* Unique physilogical )
conditions: il

* Lots of rainfall = 53 ]
in/yr avg.

e Florida Aquifer &
surficial aquifer
limestone

* Hydrology — high water
tables in some parts of FL

¢ Five quasi-

independentwater - different permitting

management districts requirements

* Ongoing operation and maintenance of decentralized water
management

Fig. 1-:1 The Floridan Aquifer
Source: 2008 City of Ocoee

As aresult ofurban sprawlmany cities irFloridahave a growing number &dw-density
development aredbat arecomposed oimpervioussurfaces thablock natural hydrologic
processs leadng to stream ecosystedegradationln addition, dueté he st at eds uni gt
geographic conditionsuch as lots of rainfall, Florida Aquifand surficial aquifer limestone,
high water tables, and different permitting requirements in gndspendent water management
districts,various problems that complicate the continuing operation and maintenance of
decentralized water management systalss arise (Penniman, 201(2ge Fig. 11). To counter
these problems, a limited number of pioneering counties in Florida are in the process of
developing Low Impact Development (LID) Design Manuals and Applications. Hovibeer,
initial process did not@as smoothly as anticipated. Accordingte Florida Watershed

Journal unclear LID design and approval criteria are the major challenges to implementing LID
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in Florida (Kipp, Lathrop, Hostetler, Clark &nes, 2011). Conflict between public works,
urgent management standards and ways to integrate different stormwater facilities is an
important issue that calls for more research as well. Moreover, most of the LID manuals in
Florida are currently limitedbta single site. How to deal with these problems and design an
appropriate approach to integrate LID faciliteesa watershetevelin Florida is the challenge

and purpose of this study.

Category of Challenge/Solution, Lised by Overall Importance Rank

1 Insufficientand/or unclear LID BMP design and approval criteria, including 246
maintenance requirements (by FDEP, water management district, regional
planning council, county and/or municipality); This category includes
establishing requirements and standards for maintenance, back-up storage,
retrofit, joint use of stormwater facilities, and addressing potential conflicts
with public works and emergency management standards.

2 Lack of public awareness and acceptance of LID, uncertainty about LID preferences (homeowners, 194
agencies, government staff, etc.).

3 Economic and market factors: uncertainty regarding costs and benefits of LID 156
features.

4 Incompatibility or potential conflict (in intent and/or design) of LID with existing 148
local government standards, Comprehensive Plans and Land Development
Regulations.

5 Unclear framework to ensure (legally, administratively, financially) long-term 142
operation and maintenance of LID systems, including plant material.

6 Lack of political will/commitmentto LID and the need to overcome the status 126
quo of conventional development. *

Lack of LID experts/practitioners with appropriate technical training. 108

8 Lack of LID research, constructed projects, and demonstration sites to 95
establish BMP performance and efficacy.

9 Lack of communication, collaboration, and coordination among stakeholders 61
(regulatory agencies, local governments, general public, etc.).

[y

Other: additional challenges, unspecifid topics, etc. 21

Table. 21 Major Challenges and Solutions to LID Implementatiofriorida

Source: The Florida Watershed Journal, winter 2011, Volume 4, Issue 1

Because of recent change in Florida's regulations on stormwater management, more

opportunities for development LID design become possiblEhe new regulations allow people
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to use more innovative solutions suitable for urban development, including permitting LID
designs. Under the new regulations, redevelopment projects are able to devise master plans that
are different from the traditional "greenfield" development planhAtsame time, state

regulatory agencies are starting to emphasize the quality, rather than the quantity, of stormwater
management. These changes in the

primary challenge in implementation of LIDktoridai Aii nsuf fi ci ent

design and approvd)l criteriao

Tabl e.
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The city of Gainesville is located in Alachua Coumtyiorthern Florida. Gainesville was

T e

Fig. -2 Gainesville Location Map

SourceGainesville (Florida), Wikipedia
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officially founded on January 24, 1854, and named after General Edmund Pendleton Gaines
(17771849) (Mccarthy and Laurie, 1997, The University of Florida, which has more than
50,000 students now, established its first campus in Gainesville in September 1906 (Ufl.edu,
2014). As of 2012, Gainesville had a population of 126,047 (Quickfacts.census.gov, 2014).
Gainesville is in the Slohns River Water Management District. Since Gainesville is situated on
a flat region, its fAdrains to sinkholes conne
Gainesville constantly needs to improve and maintain drainage facilities to prevemtdltoat
comes along with increased urban developmélity of Gainesville 2015).
There are several significant existing problems in Gainesville's stormwater management.
First, stormwater conveyance systems are undersized in some parts of Gainesuhlécads
to the flooding of roadways during intense raining seds@y, Harris and Walls, Inc., 2001)
Secondaging stormvater infrastructure hagsulted in pollution and sinkhol€B.
Gilreath personal communicatiohlovemberl3, 2014). The sanitary sewer lines around the
College Park/University Height Area are old and leaky, which may cause an increase of E.Coli,
int he Tu nebklWataréhedCOver the past twefig years, sinkholes have been
increasinty common, primarilyduetb eaki ng fr om-andpadddi onalt aBpr pi
Upgradingand replamg this infrastructures a vital issudor Gainesville. Without a proactive
look at our needs and solutions to address them, the stormwater infrastructure will fail, especially
with continued population growth
Third, suitable lands/locations for stormwater management systems that treat water quality
are hard to find because these lands/locations require percolatin@s@ilgreath personal
communicationNovemberl3, 2014; GIS analysis by authprUnfortunately, some urban areas
of Gainesville lack this kind of soils in small lot sizes.
Fourth, spatial requirements of land development, stormwater management and wetland
mitigation/restoration are difficult to balance due te wetlands of Eastside of Gainesv{ll2
Gilreath personal communicatiohlovemberl3, 2014). These components while interrelated

are often competing against each other for limited urban space. Gainesville was home to
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numerous wetlands, also called marshes or swamps, befodeirbanization. Wetlands, as an
important part of ecological systems, offer habitats to organisms and help to control stormwater
by slowing down storm surges and assimilating surface runoffaidtlalso help to filter out
pollutants in stormwater before it reaches fragile waterways (St. Johns River Water Management
District, 2003). Over the years, failures to address stormwater problems and overdevelopment of
land have led to the destructionveétlands and other natural drainage systems by blocking
stormwater runoff from recharging back into ground water. The destruction of wetlands and the
increase of impervious areas heightens the danger of flooding, since it leaves stormwater without

any natwal outlet.
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Finally, with the limited number of stormwateonds and basins currently in place, an
expansiorof stormwater infrastructuris imperative in order to alleviate the pollution issues and
flooding risks that have plagued Gainsville. For example, in the University of Florida, there are
almost 400 storm dins to only 11 ponds and 2 basins. This kind of uneven @atidt®©0
centralized stormwater infrastructure often caeseirring storms to flow through more areas
than necessary, thus, has led to increased pollutarts as fertilizers, pesticideaptor oil, and
heavy metalsn stormwater runof{St. Johns River Water Management District, 2008
polluted stormwater runofffastesoff of lawns, si@walks, roads and parking loteen flowes
into natural waterbodiesyhich should be addressed byma decentralized stormwater

infrastructurg/St. Johns River Water Management District, 2003)

1.3GOALS, OBJECTIVES AND RESEARCH QUESTIONS

This terminal project explores adaptive Low Impact Development (LID) stormwater
treatment approaches for urbaatersheds for the purpose of balancing land development and
stormwater management demanding Gainesville as an exampleadlypicalFloridacity. This
studyapplies the concept of LID networks, which is developedlhmsy University of Arkansas
CommunityDesign Center (UACDGQC)o a new geographyt he | ar ger context of
watershed scalénstead of a site or lot scalé also attempts to integrate different treatment
facilities based on the water shedgbsalsgalei que co
stormwater management systems. Hence, the LID network could contributes to the entire
watershed, instead of a single develop&CDC recommends the consideration of different
scales while designing LID approach, from buildings to open speesuse, as Wendell Berry
reminds us, AA good solution in one pattern p
(UACDC, 2010). Each scale offers suitable stormwater treatment technologies. Their interfaces
or ecotones provide opportunities creating LID networks. LID networks connect urban

hydrologic systems and achieve sustainable urban water management.
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In this study, Gainesville's Tumblin Creek Watershed is selected as a sample for exploring
adaptive Low Impact Development approacheba scalef awatershedThe Tumblin Creek
Watershed is selected because it, like most urban areas of Gainesville, was built before
stormwater regulations. With urban development and population growth, stormwater
management systems must be implemetdesatisfy current regulations while redeveloping and
infilling urban areas. Gainesvillebdés Tumblin
demand for stormwater management and contains the various conditions of developed urban
areas, such as tilgt sizes, existing infrastructusand tight rightof-ways, whichrestict
stormwat er management strategies. Tumblind Creek
extensive impervious surfaces, but also due to its elevated levels of E.Coli, présiraed
symptom of old, leaky sanitary sewer lines within the watershed. LID network presents an
innovative and effective solution for these issues.

The intent of this study is tevelopdesign guidelines for implementingA C D Q.Ds
stormwater strategigs the public open spaces (community, conservation, parks, and greenways)
ofGainesvilleds Tumblin Creek Watershed in ord
of the roadways during intense rain, based on Gainesville's situation and Flomda's ne
regulations. To achieve this goal, it is essential to incorporate the terrain surrainediogblin
Creek Watershed while designing its LID networks, insofar as the surrounding conditions affect
the integration otheTu mb |l i n Cr e e k Wajper spacéseTtedLtD netwotkecart i a
not only help small lots, redeveloped lands, and infill projects to manage stormwater, but also
maximize available developing areas and preserve natural landscapes (such as wetlands).

The research objectives were to (1) identify public open spaces in the Tumblin Creek
watershed that could potentially be utilized for stormwater management, and (2) analyze issues
and stormwater features thfe Tumblin Creek watershed to determine which facilities are most
suitable to form the LID network. In order to recommend how the urban watershed might utilize
the public open spaces as a basis for a sustainable way to conduct urban stormwater

management, thiresearch will address these questions:
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(1) What are the characteristics of public open spaces that are suitable for implementing
LID facilities to reduce pollutants?

(2) What are the characteristics of public open spacestbatiitable for implementing
LID facilities to prevent flooding?

(3) What are the characteristicstbe Tumblin Creek watershed that affect stormwater

function and the connectivity of LID facilities within the LID network?
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CHAPTER 2: LITERATURE REVIEW

2.10VERVIEW

Based on the researtibpic, the use of public open spaces in forming an LID network that
balances urban development and stormwater management, the literature review consists of five
parts. The first section details the impacts of urban stormwater to a watershed of a city. The
second section describes traditional stormwater management strategies and their shortcomings
under urban watersheds setting. The third section provides an alternative sbbmtiompact
Development facilities for urban watersheds. The fourth sectionegeliow Impact
Development networks and discusses related LID methods that form the network. The last

section compares the LID network approach with building LID facilities only on a single site.

2.2CONCERNS ASSOCIATED WITH STORMWATER IN URBAN WATERSHEDS

Urban stormwater typically causes multiple problems, two of which are especially relevant
to thiswork: erosion and flooding, which disrupt water supplée=l the pollution of rivers and
streams from stormwatéWang, 2012)

Those problms are particularlgignificant incities undergoing urban development. The
large amount of construction and industrial waptesluced by developmegtadually pollute
stormwateiand in turn, stormwatecarriesthose pollutants into urban hydrological systems.

Furthermoreurban development inevitably increases the size of impervious surface areas, which

consequently decreases natur al per meabl e surf
runoff wvol umes, peak fl ow ratesonWeissl®® a degr ad
Gulliver, 2013). Increases in contaminants®o c
degradation of runoff quality, and AdAthe i1 ncre.

bodies can be quite detiver,b@dE3).t al 0o (Erickson, W

Urban stormwater could significantly impact both the quantity and quality of water
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resources. As one of the main causes of water
15% of i mpaired river mil esvel 2013} AsearlysS 2982, ( Er i ¢
theUS Environmental Protection Agency (EPA) found that, among hydrological, biological,
chemical, and physical impacts of stormwater, the most worrisome one is biological integrity and
habitat changes that are caused bydladihg of pollutants, such as sediment, nutrients, bacteria
and metals (US EPA, 1992). Although the extent of impacts usually deperle pace of
urbanization of watersheds, it is more and more common to find less urbanizedtackesre
polluted dudo stormwater mismanagement. Accordingtecent study, even watersheds with
below 10% urbanized areas would likely to show significant signs of negative impacts (Erickson,
Weiss & Gulliver, 2013).
More importantly, urban stormwater also causes flowcnashnel alteration. The study of
Erickson, Weiss & Gulliver (2013) summarized related information as follow:
iUr bani zation, as repected by increased
hydrology in several ways @ne way is anincrease intherunofb ef yci ent (r at
inches of runoff to inches of rainfall) as the percentage of impervious surface in the
watershed increases. Increasing imperviousness also leads to hydrographs with shorter
durations and greater peakbaswofaulaad ger po
Meyer,2001).iSome of t he effects of altered pow o
temperatures, altered sediment discharge, unstable channels, fewer pools, and degraded
habitat due to channelization. Evaluations of stream habitdtsandt e t hat pow ar
channel alteration are major contributors to the observed decline in biological integrity
often associated with increased imperviousnéaul and Meyer 2001; Pitt 2002; Booth
et al. 2002; an&chueler 2000a(P. 12)
Lastly, the dangerof urban stormwater are not only limited to natural environsntdray
are also detrimental to the public health of urban inhabitants. The expansion of urban areas
Acol |l ect][ s] pat hogens, metal s, sedi mkemto, and

receiving waters during rain and snowmelt events. Thispoamt source pollution is one of the
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major threats to water quality in the United States and is linked to chronic and acute ilinesses

from exposure through drinking water, seafood, and con¢éareation. Impervious surfaces also

lead to pooling of stormwater, increasing potential breeding areas for mosquitoes, the disease
vectors for dengue hemorrhagic fever, West Ni
Reynolds Foundation to ®erLink, Inc., 2014). Urban stormwater contains many pollutants,

including toxic metals and insecticides which come from impervious surfaagsas roads and

parking lots As medical researchers pointed out, they are the likely causes of carcinogenic

effects and disruption of hormonal systems to human body (Z. Smith Reynolds Foundation to

RiverLink, Inc., 2014).

2.3TRADITIONALS TORMWATER MANAGEMENT STRATEGI ESO
DISADVANTAGES FOR URBAN WATERSHEDS

Traditional stormwger management strategies refethose approachess i n g-andpi p e
pondodo infrastructure to col | ec tcenralizeckite,rsaim s por t
asanatural waterbody, stormwater basin, or the sewer systeiwastewater treatment plant
(Epa.gov, 2012).

Traditonal strategies focus on the quantity of stormwater, ignoring the quality. In other
words, traditional strategies lack the function of purifying stormwater (Wang, 2012). The lack of
Al arge infrastructure i nvest mesomeobthedurdlesidi f f i
that force traditional strategies to shy away from implementing effective control over stormwater
pollution and treatment of drinking water (Z. Smith Reynolds Foundation to RiverLink, Inc.,

2014).

In spite of their effectiveness reducingthevolume of stormwater runoff and preventing
flooding, traditional stormwater strategies create various environmental problems (Wang, 2012).
First of all, aging sewer systems under conventional management give rise to the volume of

untreated war, which may cause sinkhole formations. Secondly, water quality degradation is
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also a byproduct of constant downstream flooding caused by traditional strategies (Wang, 2012).
Moreover, fAstream bank erosion, degldsttoreambed
indirect results of traditional strategies (Wang, 2012). In addition, traditional stormwater

strategies could even threaten public health to some degree because untreated sewage flows
directly into natural waterways along with excess stoatewin cities that have a connected

sewer overflow systems (Wang, 2012). Therefore, it is imperative to develop a new strategy that

would both reduce pollution of stormwater runoff and protect public health at minimal cost.

2.4LOW IMPACT DEVELOPMENT STRATEGIESOADVANTAGES FOR URBAN
WATERSHEDS

CONVENTIONAL LID

Rain Water

COLLECTION, NATURAL
CONCENTRATION HYDROLOGIC
& DISCHARGE PROCESSES

Fig.2-1 Conventional vs LIDStrategies

Source: Diagram by author
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LID strategies offer a way to manage stormwater by closely mimiciangral processes,

thus, reducinglependence on traditional centralized water management facilities (Fenwick and

New England Environmental Finance Center, 200@yeover, LID provides recourder

decontaminating stormwater, making it useful for irrigation and any other purposes short of

drinking. At the same time, cleaner water througfsibe treatmentanrecharge urban

hydrologic systems. Furthermore, LID facilities present more options for creation of an aesthetic

landscape.

D R L LA | |
. PRECKITATION, b
oy | "
LS ‘ ; ! I p ‘ |
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3 i, E Fgga N RANSPIRATION & TRANSPIRATION
> s |
i E{ERLAND SURFACE BY PLANTS BYPLANTS 4@
: . EVAPORATION FROM P
: fobd e ESTUARY
wMER TABLE -,_I)RUNOFF »',:, SR "o/ FROM OCEAN

ﬂﬂr

P~
<Ll
.........

TO DEEP AOUIFERS 4

Fig.2-2 Hydrologic Cycle
Sourcelivingston, E.H., and E. McCarron. (19938tormwater Management: A Guide for

Floridians. Florida Department of Environmental Regulation, Tallahassee, FL.

According to AHBL, URS (2011) in theakima Regional Low Impact Development

Stormwater Desigivlanual LID strategies focus on fAevapor a
stormwaterors i t e0 t o Areduce and treat urban runoff
management strategies, LID strategies-address
effed i ve | andscape features, evenly distributed
these | andscape features, the building blocks
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vegetation, and minimized devel @aproadendcalef oot pr i
LID strategies are tremendous] glogiednd esalogicav e i n
functions(Wang, 2012).

Most of the essential components of an wurba
parking |l ots, streetscapes, street medians, s
LID strategies (AHBL, URS, 2011). With that in mind, a wide ranggrofects, from new
development to revitalization projects, are able to utilize LID strategies in innovative ways
(AHBL, URS, 2011). In addition, accordingtieeEPA, fAby managi ng stor mwa
small, distributed facilities, LID can enhance the emwvment, protect water quality, and improve

community livability al/l at a cost savingso (

2.5DEFINING LID NETWORK

Defined by UACDC,a ur ban LI D network contains fAtree
regionally scaled systems of stormwater manageneen ( UACDC, 2010). An LI D
requires a holistic plan that would Acoordina
interesto (UACDC, 2010). These open spaces 1in
ecological areas, forested preservesijtage farmlands, street rigbt-ways, and park and trail
systemso (UACDC, 2010). Today, fAmany agenci es
space plano for those open spacesByumegtiesef or f u
openspacegsn LI D network Acreates urban and region
demands between open space and urban | and use

Not only do these networks preserve open spaces with recreational, aesthetic and
ecological functiongthey also provide more comprehensive ecological services (UACDC,

2010) . fBesides filtering and treatment, open
watershedds ability to recharge the aquifer a

flows. Open space connectivity is crucial for maintaining wildlife habitat and migration
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corridors, which support urban biodiversity and ecosystem resiliency. Some climax mammalian
species familiar to urban areas require over 50 square miles per adulimdodantly, healthy

open space networks house robust local genetic pools, sustaining ecosystem development and
maturityo (UACDC, 2010) .

Urban open spaces also contribute to the re
study released by The Trust #8ublic Land, revealed that for every 10 percent increase in forest
cover, treatment and chemical costs decreased

The LID design manual of University of Arkansas Community Design Center suggests
four differentapproaches to integrate public open space with LID strategies: conservation
development, treatment parks, water harvesting parks and greenways (UACDC, 2010).

The onservation development approachginally developed byrandall Arendtis
usually reserveébr residential development or new developments. Just as its name suggests,
conservation devel opment emphasizes preservat
vegetation, sensitive ecological habitat, and
(UACDC, 2010). Under conservation design, public or gpasilic interest are prioritized,
conservation areas, such as fdwetl ands, waterb
deeded (UACDC, 2010). Then, 0 simeagriouttusatlgnd,conser
forested areas, critical ecological habitat areas and upland buffers, should also be considered for
preservationo (UACDC, 2010). Finally, the tec
residential and other areas that donis$athe criteria for preservation. Unlike sprawl
devel opment, clustered development i s more co
infrastructure costs due to shorter street | e
impervious parkindots, preserved trees and pervious pavement conserves ecological
functioning. ACompact res8@emen aé¢ntdewvfel @ psnetne
as permanent, wundivided open spaceo (UACDC, 2
During design stages of conservatione&lepment, the primarsteps ncl ude fi dent i

all potential conservation areas, 0 Alocating
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trails, o0 and Adrawing in the I ot Iineso (Aren
Thet eat ment par ks a pdpce st@anewaterimanagermentds anatherii i nt r
ecological service delivered by wurban parkso

new developments and retrofitting existing development. Incorporation of treatment parks is a

trendy choiicreg feoxri sitrienng ouribtan i nfrastructureo
the existing parks can easily Aintegrate recr
environment al perfor mance, greater community

(UACDC,200) . As interdependent and interconnecte
stormwater from surrounding public streets, which is currently being piped and transferred to
another site or treatment planto (WACDC, 2010
retention, treatment, filtration, and recreation areas with climate regulation and

evapotranspiration functions. Through these parks, communities would foster better awareness
about public ownership and ecological stewardship (UACDC, 2010).

Thewaterhar vesting parks approach Arecycle stor
mai ntenance parks, such as community gardens
stormwater runoff can be fia source for househ
(UACDC, 2010). This approach efficiently redsctke cost of transporting runoff, as well as
making stormwater runoff a valwuable water res
organized sports and | ocal foad oparoo d uUcAtCGDoCn, €& 0
The recycled stormwater runoff, considerably cheaper than potable water, provides a sustainable
alternative for irrigation. The water harvesting parks are commonly developed in the vicinity of
agricultural areas so the process of whtawesting can beasier and more cost effective
AWhen the water i s needed, a wind driven or m
storage for distribution through an irrigatio

The geenways approach is an innovative wayaireecting open spaces, and maintaining
Anutrient, natur al resource, and habitat fl ow

constructed, greenways incredlsevalueof adjacent properties; generate economic and
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recreation activity; and areidels an fdal ternative transportatio
(UACDC, 2010). To accomplish largeeale stormwater treatment and flood protection,
greenways play an i mportant role as fAvegetate
damagef om fl oodi ngo (UACDC, 2010). Greenways ar e
fa rails to trails conversion, o0 and Aripari an
Ai mportant ecotones between | and dreathsandht er , O
watershedso (UACDC, 2010).

Greenways crossing design aiftectsgreenway function fiReducti on i n t he
crossings and designoflewmp act crossings are particularly
example, replacing vehicular crossingith pedestrian and bicycle bridges would, without a

guestion, improve the preservation of natural features and topography. Stream crossing intervals

should also be restricted to major roads and should not be in close proximity (UACDC, 2010).

2.6LID NETWORK APPROACH VS. LID FACILITIES ON A SITE

As shown above, the unique and innovative design of LID facilities is likely to produce
many positive results, including but not limited to stormwater clean up, infiltration of
stormwater, and more aesthatlg pleasingandscaps; however, integration of independent
LID facilities into a networks would exponentially magnify the resulting benefits.

First, formation of LID networks would inevitably guide more developers toward LID
implementation, giving a boo#t a city's overall environment and reducing the amount of
money the city has to channel into pollution reductld® networks follow a systems approach,
which can maximize the benefits of LID because integratumgeroud.ID stormwater
strategiexan bemore effectiveand savenoremoney(Lehner, 1999)

Second, design of LID networks take into account existing ecological conditions, future
patterns of development and stormwater management to create a balanced approach toward city

pl anning. According to Arendt, Aof fotere pgtter@esat a d v .
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of development and conservation is the opportunity it offers tadergify the most logical and
fruitful ways of connecting conservation | and
Similarly, LID networks offer to prédentify the most logical and fruitful ways of connecting

stormwater treatment areas in new subdivisions.

Third, LID networks offer an opportunity to create an interconnected network of
stormwater treatment areas. Instead of simply building isolated sites wittadilfies, LID
networksprovidea chance to fAcreate a true fabric of o
new subdivisions, as more and more properties are converted from fields and woodlands to
residenti al devel opmentsodo (Arendt & Harper, 1

Fourth, LID networks can become invaluable assets when it comes to preservation of
wildlife habitats, such as wetlands, and preventing them from becoming fragmented and
nonfunctional (Arendt & Harper, 1996). Thes; i t y wi th LI D networks can
function in more natural wayisthey can be restorative, renourishing, and replenishing of nature,
and in short I|ike natur al ecosystem: cities |
2000). For example, Vitori&asteiz, as the European Greeni@éjpor 2012, implemented
AiGreenbelt Strategyto provide a rich ecosystem for a variety of local flora and fauna, and
improved its water management by utilizing urban green infrastru@esley, 2012)

More often than not, erite water qualityreatment is an impediment to redevelopment,
particularly in places where lands are at a premium. With the help of LID networks, public open
spaces offer opportunities to help adjacent sites deal with stormwater management problems.
Moreover, reaching thieest solutions with the lowest life cycle costs will require rrudtck
innovation in LID. A single LID facility will probably not meet the performance requirements,
while networks formed by facilities with varied levels and functions will offer pollatant

treatment andolume reduction (UACDC, 2010).
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CHAPTER 3: METHODOLOGY

Selecting Watershed for Stud

Identifying Stormwater
Management Problems

Analysis

Classifying Related Hydrolog
Control Functions

Identifying Adjacent Public Gathering Information about
Open Spaces Related LID Methods

Application

Conducting Literature Review Conducting Case Studies

-
-
-
-
-
-
-
-
-
-

-
-
-

-

Developing Design Guideline

Reviewing & Revising

Drawing Conclusions .
Source: Diagram by author
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3.10VERVIEW

Thisgraduatdgerminal project uses the qualitative approach with mixed methods to
explorethe waytoapplyUA CD C6 s L | Dn apaeticularositektise Tumblin Creek
watershedResearch methods this projectmainly include literature review, case studies, GIS
site analysis and design projectiés.shown inthe above diagram of research methodaqltuy
process of this projecs as follow:

(1) Select awatershed as the study area of thigjgxt to apply LID networkghrough
investigatinghe stormwater management condition&Sad i ne s vi | | &ypsblisealt er shed
materials

(2) Identify stormwater management probleratated to the selected waterdlihe
Tumblin Creek watershethrough literature andoniversation withaselectedstormwater
specialist of Gainesville;

(3) Classifyfocuses ohydrologic control functionfor various parts of this watershed to
deal with different stormwater managemprablems based on the analysis of phasge (2)

(4) Gather information about relatédD methods for LID networks by conducting
literature review and case studies in order to understand the defirggpphisationsand
principles of LID networksandexisting conditions of this watershed

(5) Conduct GIS site analysis in context, land use, hydrologic characters, erosion,
contaminants, public open spatesynthesize site conditions to identify available public open
spacedor stormwater managememsite constrains and opportunities for generating LID
networks;

(6) Develop design guidelines based on site synthesis, literature review and case studies to
implement LID networks within this watershed

(7) Integrate design and researclsyathesize anteveal possibilities for LID networks
within the Tumblin Creek watershdohsed on results oite analysis, literature reviewase
studiesand design projectionyhich isa research strategy in landscape architecture for mapping

new geographySwaffield& Deming, 2011)
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(8) Review andevise design guidelines based on phase (7)thamtonclude thelesign
priorities and lessons learnffdm creating a LID network in the Tumblin Creek waterstaed
discuss th@ext steps to progress the design further

In this chapterthe first sectiomainly examinesuccessful applications of LID strategies
in three similar projects in order to use these strategies for design guidelines. The second section
analyzes existing conditions of the Tumblin Creek watershelliding stormwater management
situations and existing LID projects. The third secgnthesizes and explains principles for

selecting suitable LID strategies to form LID networks.

3.2CASE STUDIES

Three case studies are conducted in this graduatensdrpmdject to obtain appropriate
information and data to formulate an effective guideline for the stormwater management of
Gainesville's Tumblin Creek Watershed. In order to do so, it is important to select cases that
consist of different types of publapen spaces and that work with the existing framework of the
selected urban watershed. The selected cases carefully examine how past development plans
integrated LID strategies into their developmental blueprints with specific focus on how they
connect vaous publicopenspaces together to address the problems facing by stormwater
management of urban watersheds.

Each case provides valuable lessons that inspire ideas that would be incorporated into the
overall design guideline for Gainesville's Tumblin Creek Watershed. The first case study,
Porchscapes, is an excellent example of how to deal with concerns cassedyater during
community development with implementation of LID strategies at the watershed level.
Porchscapes focuses on transforming rafhvay, lawn, and other community open spaces to
meet thesocial and ecologicalemand of community. The secahcase study is the Gowanus
Canal Sponge Palk designed by dlandstudio llc. Since stormwater treatment and quality

control are so crucial to restore an impaired urban watershed, it is vital to learn from successful
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precedents that utilize LID strategies fvaterway restoration. The Gowanus Canal Sponge
ParKM is one such case; it used vegetated landscape buffers, remediation wetland basins, and
planted channels in streetscapes to recycle contaminated water and connected separate
community landscapes to lplic landscapes within the city. The third case study, the City of
Winter Haven Water Sustainability Program, is an exemplary modalsiastainable stormwater
plan. Its LID design greatly enhanced the ability to preserve existing natural hydrologingatte

and turned the previously impaired watershed into a beautiful living space.

3.2.1 Porchscapes: An AffordableLEED Neighborhood Development

Project Name Porchscapes
Fayetteville, Arkansas
Date Planned 2008

Construction Projected housingonstruction costs of $607ft

Cost

Consultants University of ArkansasCommunityDesignCenter
Gll=pla e e Habitatfor Humanityof WashingtonCounty

1 Neighborhoodlevelopednto subwatersheds

Source of Table text: Gerfen, K. (2009). Porchscapes. Architect MagRatreved from

1 Usesof streets and adjacent open spaces to create treatment et
1 Environmental consideration incorporated into lausé planning,

infrastructural desigrand community development

http://www.architectmagazine.com/educatiepedjects/porchscapdayettevilleark.aspx

Context: Porchscapes is a Habitat for Humanity residential project with 43 affordable

housing units, located south of Fayetteville, Arkansas (Gerfen, 2009; University of Arkansas
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Community Design Center, 2008). This pilot LEE@ighborhood Development (LEERND)

project aimedto combine affordability with Low Impact Development (LIEtyategies to

provide highvalue development that balances social, economic, and environmental issues in a
greenfield site, using modest ofteor, singlefamily residences (Asla.orgPR8; University of
Arkansas Community Design Center, 2008). Based on four prototypes, the housing units in this
projectweredesigned under Habitat for Humanity guidelines to integrate planning,
infrastructural design, and langse policy with ecologicaltsategies (Gerfen, 2009; Asla.org,

2008). The landscapes of this projegtreplanned in the regional watershed level (Du, 2012).
Inspired by Dutch conceptoonerf whi ch i s also called @dliving
Apar ks, not acegesig o createmultippr@Eose lasdscapes (University of
Arkansas Community Design Center, 2008). In this project, LID technelagutilized instead

of traditional stormwater management strategies to mitigate pollutions (Asla.org, 2008).

Fig. 31 UrbanEcological Context

SourceAsla.org,. (2008). ASLA 2008 Professional Awards_Porchscapes: An Affordable
LEED Neighborhood DevelopmerRetrievedirom
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http://asla.org/awards/2008/08winners/142.html

"+, 120 acres off- +
*. siteinput '
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>pre-development volume, highly impacted watershed:
sediment and nutrient load elevated volume, sediment and nutrient load

sub-watersheds LID solution existing hydrology

autocourt A treatment gardens 1 5 agricultural ponds
north shared street plaza B constructed stream 2 6 detention ponds
mews court C bicswales 3 7 conveyance sv
south shared street plaza D conserved wet meadow 4 LER

Fig. 32 Existing Site Hydrology, LID solution &leighborhood Sulwatersheds
SourceAsla.org,. (2008). ASLA 2008 Professional Awards_Porchscapes: An Affordable
LEED Neighborhood DevelopmerRetrievedirom
http://asla.org/awards/2008/08winners/142.html

Site Analysis:Porchscapewaslocated in a greenfield, which is rapidly developing and
only one mile away from the downtown area (Asla.org, 2008). Therefore, this projetaface
demand to increase density through small lot development while also meeting the stormwater
requiremerg. Slormwater runoff highly impacts the watershedho$ site, which causes

increagdvolume, nutrientand sediment load (Asla.org, 2008). The stormwater runoff from the
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adjacent 120 acreken passes throughidlsite, making its ecologies unique (Asla.orgp08).
Around this site, there are wetlands, floodplains, and drainage easements (Gerfen, 2009).
Conserving thre@acreadjacentands as a regionatunicipal parkwould preservdocal
hydrologicecosystemg§Asla.org, 2008)

More than 30%of thisareais made upof hard surfaces, which leads to irreversible
watershed degradation (University of Arkansas Community Design Center, 2008). Traditional
civil-engineered systems cannot resist-&&r storm event and often cause flooding
(University of Arkansas Gamunity Design Center, 2008 orchscapessal Smart Growth
Planning and conservation planning strategies, which support preserving open spaces in the
development of dense and walkable communities (Asla.org, 2008).

Every buildingin thePorchscapes projetias front facades near main entrfi@sing public
spacesuch as righof-way, park, and plaza, which offers opportunities to integrate public open
spaces anBorchscapes to regenerate community infrastructures (Asla.org, 2008). Building

typology andneighborhoodreatment landscapevelopmentveredesignedsimultaneously.

Program Elements and SolutionsThe University of Arkansas Community Design
Center(UACDC) integratel LID strategiedo answer thelemandor affordable housingn sites
with environmentatonstraintsBased orthe Smart Growth and conservation planning, this
project fosteedthe community by aggregating singbmily housing unit@round common
areado creatanoredensityin the neighborhoo{iGerfen, 2009). Pohes between houses and
common areawereused for extenidg private home spaces into the public realm (Gerfen,
2009). Through landscape and other engaged layers, surrounding collective spades link
inhabitans with one anothefGerfen, 2009).

This graduate termingiroject mainly focusesameP or c hs capiamvatve oj ect 6s
elements and solutions related to LID stratediesrder toensue thatthe overallwater flowof
the siteremainconrsistent with existing hydrologicaituatiors, this neidiborhoodwasdivided

into subwatershedshroughporch aggregation and buildimlistribution(University of Arkansas
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Community Design Center, 2008orchscapesainly formedfour subwatersheds: autocourt,
north shared street plaza, mews court and south shared street plaza (Asla.org, 2608). Soft
engineered systesnvereapplied to each sulatershed and the entire site to faaulD
network.Existing agricultural pondwerereserved for flow control and stormwater treatment,
while previous detention ponagreremoved. Existing conveyance swsaded easementere
transformed int@onstructed streasto link the subwatersheds ani directredundant
stormwater runofthat wasnhot absorbed bthe multiplesubwatershedsreatment landscapes
into aconserved wet meadow for infiltration.

All the stormwater runoffs lead to a treatment garden in salslwatershed, whiclwvere
created for filtration, infiltrationand treatment oftsrmwater runoff (UACDC, 2010). Alonthe
streets, bioswaleseredesigned to link pora@sand streets in tandem fthre conveyance of
stormwater runoff (Asla.org, 2008). Based on the concepboherf fAshar wale street s
introduced ino this projectwhich male street&nimportant componerdf the stormwater
treatment train (University of Arkansas Community Design Center, 2008). Strexetstilized
for connecting small lots along public greenways (Ellin, 2012). By applying LID facilities, such
as teatment gardens, bioswales, tree box filters and infiltration trenches, in thefrigay and
surrounding faced open spaces, the treatment network is createdenpilnrposesf
transportation, stormwater management, social gathenmpparking (Univesity of Arkansas
Community Design Center, 2008). Therefore, streets with attending open sparas bec
Aproductive parko spaces (University of Arkan.
filters wereinstalled in the shared street plazas. Sthaneets also cut the cost of this projbgt
about 40% than traditional stormwater strategies be@ysnsivecurbs, pipesand gutters
werereduced (Asla.org, 2008).

According to types of land uses, the Porchscapes project employed different materials of
pervious paving. For example, sidewalks were made of rubber, a kind of recycled pervious
materials, to enhance infiltration. Porous asphalt also allowed for storage and recharge with

higher performance for vehicle transport use. Parking lots were builgvasiscretes for
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improve recharge and filtration. Considering #estheticend functionality of shared street

plazas, crushed stone was installed in some parts of these plazas to help filtration (University of

Arkansas Community Design Center, 2008).

5. bioswales: 4. rubber
facultative vegetation aids in . e sidewalks:
. phy iation and p L | A el recycled pervious
6. wet meadow: removal—'right plant, right place” A material allows
infiltration basin - ~ for infiltration with
<, higher performance

provides a 100% reduction
in load discharge, velocity
attenuation. infiltration,
transpiration and high-
quality habitat

= 1
"\“ ) Rose Acaclﬂ‘_ o 2)1‘ e::'i::duse
Robinia Hispidiy
»

7. treebox filter:

used for natural

sediment trapping and
evapotranspiration

3. grasscrete:
permeable surface

: facultative

% vegetation provides

2 3 sediment control and

: 3 2. porous asphalt: recharge capacity
1. crushed stone: N - donated material,
provides a permeable X .- provides permeable
surface, which aids in Ny surface aiding in
filtration of stormwater storage and recharge

Fig. 33 The Shared Street
Source:University of Arkansas Community Design Center,. (2008). Porchscapes: between
neighborhood watershed and home. Retrieved from

http://uacdc.uark.edu/books/excerpts/18Porchscapes.pdf
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Fig. 34 Stormwater Facilities Menu
SourceAsla.org,. (2008). ASLA 2008 Professional Awards_Porchscapes: An Affordable
LEED Neighborhood DevelopmerRetrievedirom
http://asla.org/awards/2008/08winners/142.html

ThePorchscapegroject createsraLID facility menufor explaining the relanship
betweerhydrologic control functiogand suitable plants. According to drainage performance,
suitable plants are recommended for related LID facilities. This menu also shows that more
mechanical facilities are designed for aiding storage functwamte biological facilities are
good at helping treatment. For local authorities, the design team collaborates with government

and related organizations to form LID codes (Asla.org, 2008).



