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Environmental Management in Richmond, Virginia: A Case Study of Reedy Creek

In 2009, the U.SEnvironmental Protection Agency (EPA) issued updated rules regarding
Total Maximum Daily Load (TMDL) levels for three primary pollutants in the Chesapeake Bay:
nitrogen, phosphorus, and total suspended sediment (TSS). Originally required under the Clean
Wa er Act, the EPA issued these updated rul es

push for a cleaner Chesapeake Bay watershed.

The EPA required Richmond and other municipalities to draft Watershed Implementation
Plans (WIPs) detailing individuabfiution reduction goals and specific actions required to
achieve those goals. The Richmond Department
TMDL Action Plan in 2015, describing the city

projects on five urlrastreams in order to achieve necessary pollution reductions.

Reedy Creek is a stream | ocat e(deekigure Bi ¢ hmon
and was one of the five streams included in D
private consultig company to complete erosion analyses and recommend stream sections for
restoration. The City planned to finance the project with existing funds allocated for stormwater
management projects and additional money obtained through the Virginia Department of

Environmental Quality (DEQ) Stormwater Local Assistance Fund (SLAF).
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Figure 1: Map of Reedy feek, created by Jared GoldbaBhmer and Andrew Loesch.

The Reedy Grek restoration project facsynificant opposition from the ¢al
community, particularly Forest Hill residents and members of the grassroots groupdReekly
Coalition. Though the coalition and otheassedmany issuescommon complaints includex
lack of planning or consideration of alternative locations, aaratesof watersheldvel analysis
and a need for a peststoration maintenance plan. Reedy Creek Coalition amassed 821
signatures on a petition against the restoration, and at the time of this writing, the restoration has

not taken place.



This report analyes the Reedy Creek restoration project through four distinct lenses and
aims to achieve a fuller understanding of the
We hope this report contributes to a greater appreciation of the complex anchoast af
decisions both cities and stakeholders make when complying with environmental regulations.
Moreover, we hope to provide invaluable learning opportunities for future environmental

projects undertaken in the City of Richmond.

This report is split ito four sections:

Section lexamines the rolesf the various policymaking bodies involved in the Reedy
Creek restoration project, aadalyzeghe influence formal and informal policies can have on

smallscale environmental management projects suthissne Page 4.

Section Il contains a short review of the relevant literature in the stream restoration field

today, and connects current theories and analysestbyReeCr ee k 6s | ocal cont e x

Section Il examineghe relatioship betweespatialstream statistics and land cover
management practices over the current scenario and the alternative planned scenarios using the

spatial atigics program iTree Hydro. Page 20.

SectionIVexamines he et hi cal factors compipazityi Si ng 8
to climate change and usthis analysisto provide an explanation as to why the adaptive

capacity of Reedy Creek was overestimaRate 30.

A conclusion and acknowledgements can be found on page 41.



Section t The Influence of Formal andformal Policies on the Reedy Creek Restoration

Emily Onufer

The Reedy Creek stream restoration endeavor involved numerouspeleys and
stakehol ders, al/l of whom influenced the proj
force behindthepoj ect from its inception, from the EP
Chesapeake Bay pollutant inputs, to the sieimmal policyma ki ng aut hority of R
Department of Public Works, City Council, and Planning Commission, to the informal and
unspoken rles governing stream restoration projects across the United Stategh stream
science is obviously central to an understanding of restoration projects like this one, policy has
equally strong leverage in the restoration disciplMany analyses, espatly in the field of
sociology, have debated the influence of informal groups such as nonprofits, coalitions, and
consultants on formal poliesnaking bodies, mainly government agencies (see West 2004,

Verloo 2016).This section will examine the roles aimfluence ofthe various stakeholders
involved in the Reedy Creek restoration project, and attempt to analyze the ieflaemal and
informal policymaking bodiegan have on smaficale environmental management projects

such as this one.

The Environmera | Protection Agencyds updated rul e
Daily Load (TMDL) for several pollutants in the Chesapeake Bay watershed are the most formal
and structured policies affecting the Reedy Creek restoration project. The Clean Water Act
requires the EPA to establish these TMDL regjidns, but the new 2009 rulakso reflected a
push from former President Obama to clean up the Chesapeake Bay (EPA 2Q)0TIES
EPAG6s specific responsibility i s fdrteoehtoel d: (1)

Chesapeake Bay watershed, and (2) approve watershed implementation plans (WIPs) for
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individual jurisdictions, then monitor progress. In this latest iteration, the EPA set total
watershed pollution limits of 185.9 million pounds of nitroge2,5 million pounds of

phosphorus, and 6.45 billion pounds of sediment annually, with a target completion year of 2025
(EPA 2010: ESL). The city of Richmond, Virginia falls within the Chesapeake Bay watershed,
and was therefore tasked with drafting a WiRlining specific actions the city would take to

reduce its pollution contributions.

The Richmond Department of Public Works (D
ATMDL Action Plan. o0 The action plan btiefly t
practices and other smalscale pollution reduction strategies, but focuses most prominently on
the citybés decision to achieve pollution redu
restorationgocated within city limitsDPU 2015: ix). This angkis focuses on Reedy Creek, a
James River tributary stream collecting water from a 3,075 acre watershed (DPU 2015: ix). The
proposed restoration project would restore 2,200 linear feet of Reedy Creek located on city
owned land, and DPU estimates pollutreductions of 165.00 pounds nitrogen, 149.60 pounds
phosphorus, and 98,736.00 pounds suspended sediment annually upon completion (DPU 2015:
iXx,43) . Though the DPU report clearly states th
TMDL requirements ttough stream restoration projects, the city retains the option to substitute
alternative projects at its discretion (DPU 2018:63 42). This formal policy implementation

document reinforced Richmondés authority in t

Richmord hired a private consulting company, the Timmons Group, to conduct an
erosion analysis and make recommendations abo
Though the Timmons Group is not a formal polilogking entity, the authority conveyed in its

scientific analysis of Reedy Creek allowed the city of Richmond and other stakeholders to treat



the consultantsd analysis as a for mal policy
di verse set of stream f act oetlandsiadjacdntuodhie Repdyfit h e
Creek stream reach that would need to be avoided with a wetland creation design, the need for
undesirable impacts to the existing mature forested community to construct these wetlands, and
the potenti al (Tinemons@Gtoupl2015: 8). Theorepdrtlamassed adsignificant
amount of field work and professional knowledge, and the recommendations within were almost

wholly adopted by the city of Richmond for the remainder of its planning process.

The Richmond City Counkcand Planning Commission, two branches of Richmond City
Government, hold responsibility for policy facilitation and implementation. The Planning
Commission reviewed an ordinance on September 19th, 2016 outlining a $1,270,000 budget for
the Reedy Creek regation- $635,000 each from the Richmond Stormwater Utility and a
Stormwater Local Assistance Matching Fund grant from the Virginia Department of
Environmental Quality (Planning Commission 2016). The ordinance was forwarded to the City
Council, with an pproval recommendation from the Planning Commission. The City Council
reviewed the ordinance on September 26th, 2016, but declined to make a decision at that time
(City Council 2016a). On November 14th, 2016, the City Council once again reviewed the
ordinance and declined to accept the grant funding (City Council 2016b), putting a temporary

pause on the Reedy Creek restoration project.

Informal policies also affected the Reedy Creek stream restoration, the most prominent of
whi ch was Dayv e Chuonsl @esignd(NCDN dGDusrwalély considered the best
available stream restoration method in the United States today. Many companies will only

consider project proposals containing NCD, and several federal agencies have adopted NCD and

excluded all othemet hods (Lave 2012: vii). Rosgends con



implemented over 70 larggeale restoration projects to date (Rosgen 2017). NCD has two main
phases: classification and restoratiormes Strea
based on features such as their slope, sinuosity, relationship with the floodplain, width:depth
ratio, and bed material o (Lave 2012: 33). I n
in the stream provide stability and prevent futureieroLave 2012: 1). Despite its widespread

use across the United States, asardferencesis v ocal
Lave2012) and available evidence cannot concl usi Vv

actually work.

NCD permeatethe Reedy Creek restoration project from start to finish. The Timmons
Group reportoéds introduction states clearly: A
bank erosion it is recommended to use the Bank and Nonpoint Source Consequences of
Sedimen{BANCS) Model developed by Dr. David L. Rosgen (2001). This model is a part of
the EPAOGs technical tools for watershed asses
(WARSSS) developed by Dr. Rosgen, for stream restoration practitioners to use atiegalu
streams and rivers iIimpaired by excess sedi men
February 27th, 2017, Reedy Creek Coalition member Bill Shanabruch gave this research group a
tour of the proposed project site, and mentioned NCD during the touongd&natting just how

ingrained the NCDnethodology has become in this particular restoration project

Though it seems the restoration project has been driven solely by formal policies,
informal groups with the ability to affect policy have been instrumental as well. The Reedy
Creek Coalition is a grassroots group, composed mainly of Forest Hill neightdodsidents,
who are passionate about protecting their nei

formal policymaking entity, and has less geographic reach than any other stakeholder discussed



thus f ar. Despite t Ipieiceandreconmersatiergluericédeéhe c oal i t i
restoration project nearly as much as the formal documents produced by the Timmons Group,

city government, and Dave Rosgen. The coalition isdaching in the Forest Hill

neighborhood. On November 14th, 201& doalition presented City Council with an 821

signature petition against the restoration project (RCCa&0P8imary critiques included a lack

of planning, particularly with regard to site selection, a failure to consider alternatives, especially
nonstreamrestoration alternatives, an absence of waterhad analysis, and a need for a
postrestoration maintenance plakiter receiving the petitionCity Council declined to accept

the grant funding necessary foditdednsthg r oj ect 6s

coalition is at least partly responsible for this significant halt in progress.

Despite the Reedy Creek Coalitiondés organi
stakehol ders someti mes di s mi thiswag, the dogitomhag t he
had a mutedhfluence on the Reedy Creek restoration project, despite holding the biggest stake
in the projectbés outcome. City government in
coalitionbs requeswstad,i tasonedwi draunadd d | ey Ftrheee d o m
(FOIA) requests filed for citgenerated documents. The coalition has also not always operated
within the cityds procedures and deadlines, h
comment s o nnal DNPOU éction planidegailing specific concerns, but the comments
were submitted late. DPU included the following statement towards the end of the final
published TMDL action pl an: AWe did receive ¢
Reedy Creek Coaldn (www.reedycreekcoaltion.org) with concerns about the ultimate success
of the stream restoration in Reedy Creek. Even though the comments were received outside the

allotted public comment period, the city provided a response to the organization andeiae



a partner with them in analyzing the samples collected in the creek, we hope that we can address
the concerns expressed by them with future co
2015: 51). Communication between the coalition and the ltity clearly been inadequate at

times.

The Reedy Creek Coalition has admirable objectives, and undoubtedly would like the
city to consider nostreamr e st or ati on al ternatives to meet t
regulations. Political economist ElinorGstm6é s common pool resource th
potential for segenerated stakeholder groups such as the Reedy Creek Coalition to serve as
effective custodians of otherwise ungovernable resources, such as Reedy Creek. Ostrom
proposed eight principles feffective, local seHjovernment of common pool resources (Ostrom

1990):

(1) the group must have cleaidiefined boundaries,

(2) the rules established to govern the resource must be adapted to the local conditions,

(3) people affected by the rules mbstable to participate in an established process for changing

the rules,

(4) the group must be respected by the relevant authorities,

(5) the group must establish systems for monitoring the behavior of its members in regards to the

common pool resource,

(6) rule violators must face sanctions,

(7) dispute resolution must be available at low cost to members, and



(8) responsibility for governing the common pool resource must be integrated at every level,

from each individual person to the entire interaeetad system.

The Reedy Creek Coalition could benefit si
(1990)principles, and potentially achieve their goals for Reedy Creek in the process. The
coalition successfully fulfills principles one, two, five, andtgithrough clearhdefined goals
and membership qualifications (RCC 2017a) grounded in a local context (RCC 204déythn
stream monitoring activities and residential watershed assessments evaluating the environmental
impact of homeowner behaviors (RQG17c, RCC 2017d), and consistent reference to Reedy
Creekb6s influence on the Chesapeake Bay water
the coalition falls short on principles three, four, six, and seven. Though the coalition holds
monthly medngs (RCC 2017f), processes for dispute resolution, rule modifications, and
sanctions are not <clearly established in any
|l ocal authorities do not consi s yearadfVoigedr espect
concerns, grassroots organizing, constant presence at city government meetings, and a victory in
the City Council déds rejection of available gra
for a federal permit for the stream restamatwork at Reedy Creek in February 2017 (Oliver
2017). Though the restoration stil!l has not t

remains unclear.

The Reedy Creek project is an interesting case study for how the city of Richmond
manages # natural assets and respsiid environmental regulations, but it is just one example.
A simple key word search of Richmond City Cou
to water issues. | executed a word search for three key tdinite e ke kCro A Chesapeak

Bay, 0 a nidnl62Rxhmomd&ity Council agendas comprising the full years 2015,
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2016, and 2017 tdate. None of these terms appear on more than 29% of City Council agendas
in any given yeami the search range (see FiguyeThaugh newlyelected President Trump may
reverse the Chesapeake Bay TMDL regulations, Richmond has a real opportunity to surpass
federal environrantal legislation and make significasitides in the realm of water pollution and
degradation. Unfortunately, thkey word search suggests the city has not made urban water

protection a priority.
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Figure 2: Key Term Research, Richmond City Council, 20Z5Produced by Emily Onufer.

The Reedy Creek restoration project involved numerous stakeholders, each with varying
|l evels of formality and influence over the pr
Agency issued updated regulations for pollution entering the ChesapegkenBahe city of

Richmond Department of Public Works drafted a-sitgle implementation plan specifically to
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meet those regulations. Formal environmental policy, therefore, drove the entire restoration

project, from inception through implementation. liwond commissioned a private consulting

company, the Timmons Group, to conduct a scientific analysis of erosion potential and make

formal recommendations forbestandi dat e stream restoration sec
final report was treated as a fahpolicy recommendation, despite its actual status as one
company6s interpretation of a dynamic, compl e
complex urban environment. The Planning Commission and City Council facilitated the financial

and logistical ipplementation of the project, and pressure from the grassroots Reedy Creek
Coalition influenced these governing bodiesbd
particularly Dave Rosgendés Natur al Channel De
permeatecavery step of the Reedy Creek project. Despite holding less formal authority than the

EPA, all of these other stakeholders had a significant impact on the restoration efforts.

The Reedy Creek stream restoration was much more controversial than angtbéthe
four proposed restorations mentioned in the DPU report, and it begs the obvious question: why?
No other stream had a neighborhood group nearly as dedicated, passionate, and organized as the
Reedy Creek Coalition. The coalition, lacking any formdigyemaking authority, was able to
influence a project almost entirely controlled by formal pehtgking authories because of this
dedicatonThough <city government does not al ways r e
though more formal internalgoveni ng pol i ci es would strengthen
coal itiono6s eecartantypnpiessitemeRichnondauthorities ultimately choose
to abandon the Reedy Creek restoration project, the cityonkyack on this experience as an
exampe of poor planning, inadequate communication, and unrealistically simplified

environmental management. Richndas a rapidlygrowingcity, and should be doing

12



everything in its power to cultivatthe talent, knowledge, and passion already present here.
Better policies for cityresident communication and improved processes for evaluation of
environmental restoration, conservation, and preservation projects would certainly be a step in

the right direction.
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Section I: Situating Reedy Credhkto the Literatire of Stream Restoration

Andrew Loesch

Often surrounded by controversy, stream restoration projects face a variety of challenges
associated with biological processes on local, watershed, and regional scales. Defining goals,
setting restoration parameteasid ensuring the success of a project remains a difficult process,
in large part due to consensus on a dedicated restorative process and careful, critical study of
restorative projects. Situated at the center of local controversy, the Reedy Creekaestorat
project finds itself at the intersection of national policy, local stream health, and the interests of
an engaged community. According to Phillip Roni and Tim Beechie (2013) of the National
Marine Fisheries Service in their boSkream and Watershed ®Reration healthy stream
restoration projects require a mestep process including analyses, design, adjustment, and
implementation of project goals. Using this comprehensive methodology as a template for a
healthy stream restoration project, this settims to explore the biological and geological risks
and challenges associated with the Reedy Creek restoration project and assess the overall quality

of the proposal.

A variety of physical, chemical, and biological processes spanning a wideoaggatial
and temporal scales support and drive riverine ecosystems, requiring impactful stream restoration
projects to adopt a multiscalar approach to establishing goals. In developing and implementing
stream restoration projects, Roni and Beechie3p8adiggest a hierarchy of natural processes
reliant on relative spatial and temporal scale. At the top of the hierarchy, spanning the greatest
spatial and temporal scale, geological processes like tectonic activity determine landscape and
basin geographyroregional and national scales. Regional and local processes characterize the

next hierarchical rung, comprised primarily of hydrological and lithospheric processes such as

14



surface erosion, subsurface flow, and precipitation regime. A shift from prirpaybical and

chemical processes to biological processes characterizes the next hierarchical layer, as locally
scalar riverine and riparian processes, according to Roni and Beechie (2013), involve primarily

plant growth, dispersal, and health. Biologicalqasses pertaining to wildlife, particularly fish

and crustaceans, characterize the final | ayer

of natural riverine processes.

Comparison of a restorative p3jtioepreticat 6s goal
hierarchy of natural processes may constitute a preliminary assessment of the health and impact
of the proposed project. Despite criticism from local groups such as the Reedy Creek Coalition,
the proposed Reedy Creek restoration initiall§ilfsi two of the hierarchical layers. Adherence
to national policy to restore the health of the Chesapeake Bay by reducing incoming sediments
and pollutants qualifies the Reedy Creek restoration project goals as considering one of the
hierarchical layergescribed as regional and national hydrological processes driven by
topography. Additionally, initial focus on the vulnerability of soils at the stream to erosion
suggest the primary concern of the restorative project falls under the second hierangical la
Although the project proposes solutions within the upper two hierarchical layers of natural
processes, consideration of local and stream processes in the goals of the restoration become
convoluted and complex. For example, though the project redanest removal for machinery
transport and stream maintenance, the final goals indicate an intention to replant trees in the
deforested area. However, failure to provide a specific procedure for replddfhig2015)and
exhibited concerns for dispersiofinvasive species or replanting failure caused by extreme
weather eventRCC 2016a)nuddles the intentions of goals associated with the third

hierarchi cal rung. The projectbdbs engagement w
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samedifficulties, ultimately failing to address risks with habitat and invasive species, likely

foregone to maintain focus on soil erosion and stream velocity.

Organized using the hierarchy of physical, chemical, and biological processes, Roni and
Beed i €2018)stream restoration methodology follows several steps: watershed inventory,
watershed assessment, restoration plan design, and implementation and monitoring. Watershed
inventory entails the initial site selection, with consideration to muliscannections and
policy requirements. By selecting Reedy Creek and several other streams within city boundaries
for restoration in accordance to national policy under the Clean Water Act, the City of Richmond
successfully completed the first step tonfatating a coherent restoration project by Roni and
Beechiebds (2013) standards. The next step, wa
natural resources and processes within the designated stream or area to identify problems with
stream health, thesources, and potential solutions. As city officials contracted-garty
consultants to conduct analyses on Reedy Creek, city planning officials made motions to
complete the second step. However, issues arise with the completion of the watershed
asseswent, as resultsontained within soil analysigeports contradict the results communicated
by city officials. In essence, the health of the Reedy Creek restoration project begins to falter
with the transition from the second step, watershed assessnibetthird step, restoration plan
design. The restoration plan thus began the design phase focusing almost entirely on overstated
soil erosion potential, contaminating the health of the project for restoration of natural physical,
chemical, and biologicadrocesses in the stream. Evidence of overstateofi¢ing risk of soll
erosionalong the bed of Reedy Creek becomes evident when comparing soil analysis documents
obtained legally via Timmons Group and city documentation of project justifications and final

goals. Although the project has stalled with plans for its discontinuation, issues with the design
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and implementation phases already plagued the project before its execution. In particular, the
project failed to consider alternatives to stream restor&tioeduce TMDL levels running into

the Chesapeake Bay. Though a variety of alternatives exist, reduction of impervious surface to
reduce runoff, implementation of natural biological barriers such as marshes for water
purification, and modification to thencrete channel area to reduce stream velocity appear the
most attractive logistically and economically. We performed an analysis for impervious surface
reduction within the Reedy Creek watershed usihgee Hydro and ArcGIS (these analyses are
explicata further in Section lll)Figure3 below displays -Ineter Land Cover over the Reedy

Creek watershed, which serves as the extent for the runoff GIS analysis.

Reedy Creek Basin Land Cover
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Figure 3: Land Cover in the Reedy Creek Watersh@aeatedby Jared Goldbach Ehmer and Andrewekoh.
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However, miscommunication of soil erosion data and failure to consider alternatives
constitute only two of many risks common to stream restoration applicable to Reedy Creek. In
addition to soil erosiortheremoval of barriers to invasive species establishment and dispersal
would be irreversible consequence$obr stream restoration design (Grimm et. al 2008).
Invasive species have the propensity to infiltrate and dominate vulnerable ecosystems. In
generalstream restoration projects increase the vulnerability of riverine ecosystems temporarily
between the removal of vegetation and theg®blishment of vegetation and associated riparian
habitats (Bond and Lake, 2003). Reedy Creek acts as no exceptiemacasl of approximately
four hundred trees for machine thoroughfares increases the vulnerability of local terrestrial
ecosystems to invasion by invasive vegetation, disease, and insects. Several invasive species are
already established in the Reedy Creeltershed that threaten to overtake native species if
afforded the appropriate opportunities. English Ivy, for example, requires preventative
maintenance even under current circumstances. Particularly quick to expand its tendrils, English
lvy poses a thia to both currently forested areas and the development of new forested areas in
landscapes. Removal of trees without appropriate efforts to control English Ivy immediately and
throughout the process of reforestation cqudde a major threat tbe riparan and forest
habtats adjacent to Reedy Creek. The city and the Timmons Group only counted mature trees
above a certain width when calculating the total number of trees that would be lost in the
restoration process. Thiteger wording indicates an ignaree to the potential risks associated
with terrestrial invasive species. Although the Reedy Creek Coalition asserts that upwards of
four hundred trees will be removed during the construction and clearing stages of the project
(Bill Shanabruch, personal enview, 2017)similar numbers do not exist in city documents

(DPU 2015) In city documentation, only trees with a width of four feet or more are counted
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towards the tree removal count, although several species within the area do not often reach the
appropiate width even in maturity. Additionally, challenges to stormwater management and
temporarily increased susceptibility to sterefated erosion pose threats not only to the success
of restoration projects, but also to the health of the related ecosy&erak, Stow, and

Reckhow, 2002). Efforts to subvert stormwater upstream remain evident with the concrete
channel of Reedy Creekigure3 displays the location of the concrete channel using a pink line
overlaying Reedy Creek. Surrounding land coverldigpsignificant urban development and
impervious surface cover, logistically explaining the need for a concrete channel to reduce
localized flooding and runoff. However, storm events challenge restoration projects by
threatening to thwart vegetation atfaing to reestablish after mechanical modifications to

stream banks. As, according to the document divulged by the Timmons Group (2015) regarding
bank soil erosion risk along Reedy Creek, the majority of the stream currently stands a low risk
of erosionmechanical modification and subsequent exposure to heavy precipitation or storm
events risks damaging healthy soils. Additionally, removal of trees risks erosion in the adjacent

terrestrial environment, with no contingency plan provided in the restoratposal.
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Section II: A GIS Analysis of the Reedy Creek Basin

Jared Goldbach Ehmer and Andrew Loesch

The Reedy Creek StreaRestoration debate sparkedearch for project alternatives.
Why did Richmond fiicials choose Reed@reek, given the TimmorSroup stream and bank
anal ysis concl usi @&nf ecfstreamtréStare/(€imnaohslGronpa2015)2 o s t
Are therebetter alternatives to the Ree@yeek restoration that missednsiderationd his
spatial analysiexamines severglotential alematives to achiev@otal Maximum Daily Load
reduwctions in light of the Reedy Creelt@sam restoration eleavor coming to a legal halfthis
section will examine the relation of spatial stream statistics and Land Cover Management
practices over the cumescenario and the alternative planned scenarios using the spatial
statistics prgram iTree Hydro (Davey 2014).Tr ee Hydr o i s a HAsi mul ati o
how land cover influenceseh/olume and quality of runofft can analyze historical or future
hydrological events and allow the user to contrast runoff volume aliygiuom existing Land
Cover (referredto asthe Base Cage)t h runoff from the Alternat.i\

2017, Program Home Page).

The original phase of this spatial ayms$ focused on the delineated watershed for the
point on the rivereach of the Reedy Creek streaypstem just before it convergesth the
James RiverThis provided a Reedy Crealpecific study area where any drop of water falling

within that polygon wald eventually end up in Reedy Creek and exit into the James River
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Figure 4 Reedy Creek Overview Map. Created by Jared Goldbach Ehmer and Andrew Loesch.

We chose the scope tife Reedy Creekvatershedecausét was the focus of thenitial
stream estoration effort, @shown in purple in Figure /e calculated Reedy Creek watershed
delineation geometries and basin characterist
StreamStis tool (US Geological SurveytreamStats; ESRI 201@jigure 4. This Land Use and
Land Classification (LULC) data was then entered into iTree Hydro so that the tool could
calculate the maeled statistical computationrs.Tr ee Hydr o descri bes the

present or current situation over thedacag (Davey 2017)This Base Case is the control group
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and 6current scenar i o0ion, dandearosientDaww20fsiogw, r unof f

elevationdata from a Digital Elevation Model (DEM), watershed extent and basiracteristics
from t he eathSt&sSdol, &d hourly weather data for the past nine years, we calculated
the modeled streamflow (Figure 5), runoff (Figure 8), pollution (Figures 12 and 13), and erosion
(Figure 1) using the iTree Hydro acowlation functionality (MRLCQJS Conterminas

Canopy Cover; MRLC@S Conterminous Land Cover; US@8gital Elevation Model; ESRI

2016).

Now that we have a statistical model of the current state of the Reedy Creek watershed,
we analyzed potential alternatives to explore their impadisa watersed.When setting goals
for alterations to land use proportions over a period of a few years, it is common gaactice
municipalities to propose about ten peragfindeveloped areas for traitions (Lambin et al.
2001).To explore if this would be a viabhlternative for the Reedy Cresdstorationwe
analyzed these same spatial statistics on the premise of the LaadiiCthe region by changing
tenpercent of the Bveloped Land (all categories of Developemht were grouped together due
to iTree Hydo input data restrictions) toh®ub.The iTree Hydro Program does not allow for
specific areas of Land ®@er to be addressed, so the ten perPavelopedShrub change is
randomly and uniformly applied exss the watershed study arddhere is highepermeability
surrounding Reedy Creek, runoff may be reduced, but the potential reduction in peak streamflow
in severe weather events may result irreréase in erosion (Figurg This would assistn
accomplishingthe goal®i c hmond 6 s Wa intatiorsPhae td reduceddtad me
Suspended Sediment as mandatechbyGlean Water Act (EPA 2010j.this alternative to the
planned streanestoration of Reedy Creek were to be implemented, it wouldaethe same

result, buthrough a diffeent meansHowever, one of the relative benefits is that with

22



potential risk of the streanestoration being washed away because of the streamflow speed of
the upstream concrete channel, the proposed altegratiject is significantless risky.Under
the propose alternative plan, the following stream statistics are influenced in the Reedy Creek

watershed:

1. Reduction in pedicted Streamflow (Figure).7/Streamflow is reduced across the
time range as well as it is reduced in greater percentages dugagnain
periods.This means that precipitation fluxes will be smoothedi dett less in
magnitude and rapidity.

2. Reduction in pollution loads of Total Suspended Sediment, Nitrogen, and
Phospmorus (Figure 11, 12, and )3Due to the greater filtering of the wate
through the increased permeable surface and decreased impermeable surface,
fewer pollutants would theoretically make their way straight into the river.

3. Reductions in Impervious and Pervious flows (Particularly higher percentile
reductions appear in sere weather eventsfloods are felt lesser in maiude
and suddenness) (Figure)10

4. Potential reduction in erosion through the reduction in streamflow at both average
and peak flow periods (Figurg Note tha in the comparison of Figuresahd6,
summaized in Figure 7there is a fluctuating influence of the aggregately
modified Land Cover, but that during large precipitation events, the percentage

and absolute numerical changes grow)
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Water Volume: Base Case Predicted Streamflow
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Figure 5 Base Case Predicted Streamflo®@reated by Jared Goldbadhmer and Andrew Loesch.

Water Volume: Base Case vs. Alternative Case Total Streamflow
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Figure & Alternative Case Predicted Streamflo@reated by Jared Goldbach Ehmer and Andrew Loesch.
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Water Volume: Base Case vs. Alternative Case Total Streamflow
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Figure 7. Base Case and Alternative Case Predicted Stream{weated by Jared Goldbach Ehmer and Andrew Loesch.

Water Flow: Base Case vs. Alternative Case
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Figure 8: Base Case Impervious and Pervious Fl@weated by Jared Goldbach Ehmer and Andrew Loesch.

25



Water Flow: Base Case vs. Alternative Case
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Figure 9 Alternative Case Impervious and Pervious Fl@veated by Jared Goldbach Ehmer and Andrew Loesch.

‘Water Volume: Base Case vs. Al ive Case i 1 flow C
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Figure 10 Base Case and Alternative Cdsepervious and Pervious FloWreated by Jared Goldbach Ehmer and Andrew
Loesch.
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Pollution Estimates: Base Case vs. Alternative Case Event Mean Concentration
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Figure 11 Pollution: Total Suspended Sedime@teated by Jared Goldbach Ehmer and Andrew Loesch.

Figure 12 Pollution: Total Nitrogen Created by Jared Goldbach Ehnssrd Andrew Loesch.
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