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Abstract: The continuing loss of urban wetlands due to an expanding human population and urban
development pressures makes restoration or creation of urban wetlands a high priority. However,
urban wetland restorations are particularly ctmjleg due to altered hydrologic patterns, a high
proportion of impervious surface and stormwater runoff, degraded urban soils, historic
contamination, and competitive pressure from-native species. Urban wetland projects must also
consider humaidesiredsocioeconomic benefits. We argue that using current wetland restoration
approaches and existing regulatory HAsuccesso
vegetation structure based on reference sites inunorban | ocat i omsi,l ewiol lur
restorations. Using three wetland Case Studies in highly urbanized locations, we dgsipibesical

tools, stormwater management methods, and design approaches useful in addressing urban challenge

and in supporting lfaouaatcensss Wa duggestutatia murdammdied b i
|l andscapes, the current paradigm of irestor at
Arehabilitationo, which prioritizes wetl and fu

to provide increased ecological benefits and much needed urban open space amenities.
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1. Introduction

Rapid urbanization is producing enormous ecological change [1}fétftypercent of the human
population lives under urban conditions, and this proportion is projected to reach 60% of an expanding
population within the next 13 years [2,3]. Urban redislesmccounted for 82% of the total U.S.
population in 2015 [4]. Worldwide, urbanization is identified as a primary cause of wetland alteration
and drainage []. Conversion to urban upland accounted for 83% of U.S. estuarine wetland losses
observed betweeP004 and 2009 [9]. Urbanization continues to be a significant cause and a leading
risk factor in predicting the loss of U.S. estuarine and palustrine wetland8]10

Well documented beneficial functions provided by wetland ecosystems [14] are of great
ecological value in urban settings close to where people live-[BL5Metlands can also provide
critically needed open space within a dense urban landscape [19,20]. However, urban landowners
have been unable to monetize these beneficial wetland fuscdod competing uses for scarce and
valuable land can be powerful financial incentives for draining and filling urban wetlands [21].
Filling of wetlands has been supported by mitigation banking options that allow compensatory
mitigation for wetland destation [2224]. The continuing loss of wetlands in urban locations [25]
highlights the urgency of restoring or recreating wetlands within urban landscapes whenever feasible.

However, restoring or replacing urban wetland functional and structural attdimateshey are lost
has proven to be difficult [26]. Discharge of fill into wetlands is regulated under the Clean Water Act
Section 404 [27], which is administered jointly by the US Army Corp of Engineers and the US
Environmental Protection Agency (USEPA3uidelines developed by USEPA to support successful
wetland restoration outcomes include: restoration of ecological integrity, natural structure, and function(s);
restoration designs that fit within an entire watershed; use of a reference site; establighclear,
achievable, and measureable restoration goals; and anticipation of future changes [28]. However, the
urban landscape is a mosaic of diverse structures, transportation corridors, and mixed land uses, where
natural disturbance events (efpoding, fire) are socially unacceptable. Nutrient and pollution inputs are
often substantial, and sherbr longterm environmental stressors may continue to affect a site
postrestoration. When attempting wetland restoration within a highly urbanized tonése EPA
guidelines require significant modification to be applicable [17,29,30].

USEPA acknowledges that a wetlandds composi
landscape position and watershed where the wetland is located; howevemesctetd assessment
of restoration fAsuccesso continues to be bas
standards [31]We suggest that when considering rebuilding or creating wetlands under urban
conditions, the paradigm oéstoration(defined by he Society for Ecological Restoration (1990) as:
the process of intentionally altering a site to establish a defined, indigenous, historic ecosystem) must
shift to a paradigm of rehabilitation (Merriavilebster: bring to a condition of health or useful and
constructive activity).If urban wetland rehabilitation is to be successful, current regulatory
paradigms concerning the use of undisturbed reference sites and predictable ecological trajectories
must change [32]Opportunities to compensate for wetland loss (mitigation) in heavily urbanized
areas are extremely limited, and so regulatory flexibility must support and encourage restoration
projects that enhance ecological values and functions.
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2. Urban wetland restoration challenges

I n an effort to Iimprove consistency and ac
restoration projects, Brinson and Rheinhardt [33] proposed development of permit standards that
could be used to compare ecological functions aéstored site with those & nondisturbed
Areference wetland(s)o. This approach was emb
for an in depth discussion), and so specific criteria relative to reference site(s) are included in
wetland dischaye/fill permits [34]. These permit requirements assume that physical structure, most
often measured by vegetation species dominance, aegedationcover, and/or percentage of invasive
species, is an accurate surrogate for wetland functional attributes. Typical permits also assume that a
monitoring period of 5 years is sufficient to evaluate meeting these targets. If the permit targets are met,
thep oj ect is deemed a fisuccesso [24]. However,
data suggests that wetland structure is not a surrogate for function [35,36]. Furthermore, permit targets
have been found to be inconsistent and subjective §28],5 years is not enough time to judge the
trajectory of Il onger term wetland function or
by meeting permit targets, are often less than S08marily due to poor landscape position and
inappropiate hydrology [24].

In urban watersheds where stormwater drainage systems alter water flow patterns, impervious
cover precludes water infiltration, streams have been channelized, and hydric soils are filled,
compacted and/ or dr apredevdlopmentehgdtology,istnugturea funatiert, dra n d
ecological integrity within the landscape is not feasible [37]. Urban restoration within a surrounding
Anatur al 6 ¢ ont e xtrbani referencen pite(s)sandb uaitative Negulatory success
metrics do not accurately reflect shodr longterm restoration site conditions or environmental
stressors in urban settings. Therefore, predicting achievabletdomg restoration goals and
anticipating future trajectories is at best guesswork for wetlandsban watersheds [38]. Wetland
degradation associated with urbanization make these projects particularly challenging [39], and the
approaches that govern restoration processes in less developed rural or suburban landscape setting
must be modified or nyanot even apply. These issues are compounded by the relative lack of
published scientific data related to urban wetland restoration successes and failures, an
acknowledged data gap that has persisted for more than two decade®?]7,38

2.1.Restorationwithin a landscape and watershed context

Site hydrology resulting from interactions between the landscape and the hydrologic cycle
governs wetland type, functional attributes, successional development, ar@rimngaintenance
needs [43]. Modern urban stowater management systems are constructed to move water away
from devel opment as rapidly as possi bl e, cr
hydroperiods that contribute to erosion and sedimentatiod3#4while shifting the composition
and abundance of wetland flora and fauna communities4gl]7 When urban land uses increase
impervious surfaces, the stormwatgmerated runoff alters wetland stream flows, increases erosion
and sediment transport, and reconfigures stream channel morphelug, increase flood peaks
and storm discharges [25]. Urban stormwater conveyance systems create point drainage at
surfacewater outfalls, whose high flows increase erosive effects [25]. Groundwater storage and
recharge are altered due to reduced infittratand/or barriers that inhibit surfageoundwater
connections.
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Available lowlying urban sites, whose topography is appropriate for wetland restoration, are
often contaminated and/or contain significant quantities of anthropogenic fill materialse Adyjao
parking lots, highways, or industrial development affect water quality and site hydrology, potentially
increasing the challenges in meeting wetland functional targets. If a restoration site is designated as a
brownfield or landfill, regulations ptobit breaching protective caps and/or allowing water to
infiltrate the underlying substrate [47]. Due to impacts from adjacent sites, the degree of difficulty in
remediating contaminated sites, and/or the potentially high costs of brownfield remedrafibn o
removal, innovative restoration design options must be considergiJ4Pertinent questions may
include: ACan fill materials remain onsite an
protected from contaminated soils or fill matertaldTherefore, designing urban wetland projects
that utilize stormwater runoff as an input, and restructuring the stormwater flows to mimic natural
flow paths, infiltration patterns, and groundwater recharge can be critical success factors in
supporting mnned wetland functional capacities and vegetation patterns. To what extent can
designed hydrology, landscape position, and vegetation most closely support desired fimetions
costeffective manner?

2.2.Urban versus reference site hydrology aregjetation

Finescale hydrologic conditions altered in urban systémglroperiods, sedimentation, and
anthropogenic inputs (i.e., excessive nutrients, contamination) litiay) preclude the reestablishment of
plant assemblages found in undisturbed regfee sites and/or affect plant community patterns of
successior17,48]. Urban predatory pressures also structure vegetation patterns, as seen with Canada
goose Branta canadensjsherbivory of wetland restoration plantings [17]. Vegetation in restored
wetlands may also be less complex than in undisturbed marshes [49,50].

The velocity and depth of waters flowing through wetlands determine the structure of
macrophyte diversity and abundane¢éa | s h et al . [ 51] have coined
to describe the results of urban stormwater running off impervious surfaces. The hydrologic changes
associated with thisyndromeinclude diminished hydroperiods and lower water tables thatuge
drier and more aerobic soils [52]. Conversely, freshwater macrophyte species didetsityiined
by hydroperiod, is predicted to increase in shallow waters and under low water velocities [53]. Drier
and aerobic soil conditions reduce the abilitysofl microbes to remove excess nitrogen from
surface waters through denitrification. Restored wetlands may also be deficient in organic carbon,
which limits denitrification functional potential [52]. The success of invasive species may be the
result of corplex and diverse plant responses to soil variables, as well as uses of properties adjacent
to urban wetlands [54]. Drier urban hydroperiods and/or excess nutrient inputs can favatinen
competitors, such aBhragmites australig55], although, Phragmtes uptake of excess nitrogen
inputs may be a positive contribution within a watershed context.

Considered an invasive whose presence const
regulatory agencies?hragmitesis often used in constructed treatmh wetlands [56], and has been
shown to accumulateutrientsand heavy metals in plant tissues [57], attributes that are beneficial in
an urban environmenhative vegetation may also have undesirable attributes in an urban setting, as
demonstrated by Wei& Weis [58]. Their experiments showed that nat8martina alternaflora
re-released heavy metals into the environment via leaf salt glands, an evolutionary adaptation to
estuarine salinities. In the met@ntaminated HudseRar i t an e st u ads,p@aginaur b a
replacement of invasiviehragmitesnadvertently contributed to heavy metal bioavailability.
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Conversely, urban wetlands can be designed to improve stormwater quality by capitalizing on
their denitrification potential, ability to sequestertals, and remove organic compounds, ().
However, improvingstormwaterquality is not straightforward, and fluctuation in the pH of urban
wetlands associated witPhragmitesvegetation has been shown to release heavy metals present in
stormwater runoff57]. Sediments, nutrients and pollution are well documented in urban stormwater
runoff; chemical transformations occurring at the wetland sedimatdr interface determine the
fate of these compounds (for a reviewtbis extensive topic see [5]Jherefore, design of urban
wetland vegetation assemblages and planned successional trajectories must consider local urbar
environmental factors that differ from conditions in amban reference sites, as well as urban
unintended consequences related te flniesence of contaminants and eutrophication pressures.
Landscape designs that maximize wetland biogeochemical cycling functions to remove nutrients,
biotransform organic contaminants or sequester metals may be a high priority urban restoration goal
thatis not comparable to an undisturbed reference site.

2.3.Rehabilitation within an urban socieconomic context

An additional unique aspect of wetland restoration or creation under urban conditions is the
socic-economicinteractionsbetween human residerdsd the wetland sitéh Successful 0 o
deemed beneficial by local residents or elected officialg,(flood control, developable land,
recreational open space) may conflict with outcomes desired by regulators, landscape architects,
professionaplanners, or environmental engineeesg( functional wetland attributes such as water
purification, habitat values). Outcomes desired by the community could also differ significantly from
restorati on -uibanpmwijeces$l8]l0 i n non

Public supportor, or resistance to, urban wetland projects may be based on aesthetic values that
are not correlated with ecological values ,f363]. Urban residential property values can be
positively or negatively affected depending on proximity to a wetland (halsssr to a wetland
were higher in value), as well as the type of wetland (open water ponded wetlands were preferred
over forested wetlands) [&R2]. Casagrande [59] proposes that evaluation of urban wetland
restoration suaessneed noincludere-creation of an historic landscape, Ibotist includehe human
benefits derived from a restoratidfelsonand Pickett [41] argue that order to be successfuirban
wetland restoration must go beyond purely ecological and environmental considertimg;lude
as design factors the urban contedsired human amenities, and perceptions of public sdfe¢ge
versions of a fAsuccessfulo restoration inclu
northuman wetland ecosysterfihe best achievablurban wetland restoration outcome may be to
increase or rehabilitate ecological functions and values within the context of a-domarated
landscape [32].

Urban wetland projects are expensive, and success can be undermined by unforeseen site
conditionsthat are not apparent during the conceptual design phaseestoration of urban wetland
sites often begins with excavation and removal of contaminated soil. Subsequent steps, completed
prior to final site design, include capping and clean infill comed are a substantial part of high
urban project costModelsand strategies to analyze the benefits of onsite remediation and partial
removal of contaminants have been propose¢6fi4 A simpler approach during the contaminant
investigation phase is toalculate the cost of excavation and removal of contaminated materials.
Environmental engineers and landscape architects can coordinate fill removal volumes and costs
early in the conceptual design process in order to develop design options that makenaterial
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that can safely remain on sit&herefore, urban designed wetland projects require unique
partnerships between regulators, ecologists, environmental scientists, landscape architects, and
planners that incorporate not only wetland functions, &lsb aesthetics, political processes,
cost/benefit considerations, and community needs/desires. Outcomes of designed rehabilitation
projects need to be rigorously tested using the scientific method to contribute data that measure the
i's ucces s ogdefihed arlbah riestovation goals.

3. Casestudies

The case studies below illustrate approaches useful for addressing urban wetland restoration
issues related teite hydrology, landscape position, and regulatory requirements. These projects are
in various stages, from conceptual design or permit application stages, to completion. Although these
watersheds are located within the New York/New Jersey Harbor Estiigiyg(1) and exhibit
various urban wetland restoration challenges (Table 1), the approaches we propose can be applied ir
wetland rehabilitation projects in urban locations throughout the U.S.
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Figure 1. Locations of the urban wetland Case Study sites within the NXJ Harbor
estuary: Lionbés Gate Park (Bloomfield, NJ)
and Liberty State Park Interpretative Wetlands (Jersey City, NJ).
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Table 1. Casestudy sites and challages

Site Location Urban Rehabilitation Challenges Project Status
Bloomfield 40°4 8 6 5 8 . 8 Historical diversion of original stream courses Conceptual Design
74°1'1 6 3 0. 2 Surface groundwaters disconnected Fundraising Phase

Unknown depth to groundwater

Unknown fill material contents &epths
Contamination

Development prevents restoring historic flow patt
Downstream flooding

Public desire for active and passive open space
Political dissension (cost & use of site)

Teaneck  40°5 2 6 3 2 . 6 Original riparian hydrology altered Drawings Complete

Creek 74°0 0® 32 0 0 Surface groundwaters disconnected Permit submitted
Primary water source is 6 stormwater outfalls Funding Secured
Stream channelization Shovel ready

Clay berms and fill

Multiple stands of various invasive species
Unknown fill materials

Landfill designation

Engaged NGOs with diverse missions

Liberty 40°4 2 6 2 3 . 0 Contaminated fill materials Remedial

State Park 74°0 3 6 2 7 . 4 Created surfacggroundwaters need to be investigation
connected completed 1996
Heavy metal soil contamination remaining onsite Restoration
Atypical plant assemblages completed 200807

Invasive species surrounding wetland area
Human contact (park visitors)

Two projects ( Li o ntp StateGRatk)e used geopghysicalntabls to iaidee in
characterizing anthropogenic fill materiaidon-intrusive technologies such gsound penetrating radar
(GPR)and electromagnetic induction (EMI) are becoming more common in urban soil research [66].
Theserapid lowcost field sampling methods generate the data needed for comprehensisgesisgnent,
while reducing the need for costly borings or excavatiG®R measures the time for electromagnetic
energyto travel from an antenna to a subsurface interfeeparating layers with different relative
dielectric permittivity (Er), and back to a receiving antenfize timescale is then converted into a
depthscale The electrical conductivity of soils increases with increasing water, soluble salt, and/or
clay contents. EMI sensors measure changes in the apparent electrical conductivity (ECa) of the
subsurface [67,68]; changes in the electrical conductivity produce variations in ECa. EMI data
interpretation is based on identification of spatial patterns withia sets.

Teaneck Creek Park employs a regenerative stormwater conveyance (RSC) approach that
beneficially reuses t he r eBht RSCadsigpmcarposted skedm st
restoration techniques [70,20] to create an open chaongkyance with pools and riffieeir grade
controls Figure 2) thatimpede development of water depth and velocity along the flow path [70],
maintaining norerosive flows. The major components of the RSC apprd&@&i(] include a porous,
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carbonrich bed material that filters runoff associated with smaller volume storms and supports
fungal and microbial metabolism. Native plant assemblages connect the RSC and the surrounding
landscape, producing wetland habitat and contributing carbon to the system. ThapR®ach
delivers low energy storm water discharge, potentially decreasing stormwater volume through
infiltration, seepage, and increased temporary water storage, which can contribute to restoration of
lowered groundwater tables, increases in vernal pedland area, improvements in water quality,

and habitat creation of significant aesthetic value.
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Figure 2. Conceptual profile of aregenerativestormwater conveyance (RSC) design.
(Courtesy of K. Underwogd
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The Township of Bloomfield Rigure 1) was settled in 1666. European colonists used the
Second and Third Rivers to power mills, and by 1806, Bloomfield was a commercial center with
numerous mills located on its watergayn 1884, the western edge of the site, between the Third
River and Spring Brook, wadearedfor use as farmland. The Third River, a tributary of the Passaic
River, was separated into two streémne probably used as a mill sluiceway, and ponds ugte
or formed along both waterwayBigure3a). In 1922, Clark Thread Company built a factory on the
site and used water from both streams for washing and dying thread until 1949. Scientific Glass
produced mercury thermometers on the site from 195086.BY 1970, the neighborhood was fully
built out. The river flow paths were redirected multiple timeggre 3a €), and the site today lies
within the 100 and 500 year floodplairisgure 3f).

Soil, ground and surfacaevater tests (1988) detected metlntride in surface waters, as well
as heavy metals, including lead and arsenic adjacent to onsite buildings and in a suspected mercury
dumping area. The buildings were demolished in 1992 and the debris left onsite. In 1993, mercury
was found in site groumdhter; test pits and groundwater monitoring wells exhibited high levels of
lead, as well as heavy metal hot spots in the former parking lot and in the northwest corner of the site.
In 2000, 7110 n? of contaminated soil was excavated and removed. The paltirarea and the
northwest disposal site required additional soil excavations. Processing of the rubble piles left
groundup concrete debris onsite.

The densely developdd7,500 residents:450 people/kif) Township of Bloomfield is built out,
with no property left to provide needed public open space. In 2014, the Township acquired the
formerly industrial 4.9 ha Scientific Glass site adjacent to the already owned 2.4 ha former
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DeSimone property. The 7.3 hahabilitation site Eigure3e) can provide the open space desired for
active and passive recreation. Elected officials also want to increase onsite water storage to alleviate

downstream flooding events. However, after 300 years of anthropogenic altefdtigarology and
soils, the biggest restoration challenges include obtaining funds to redevelop the site, addressing site

contaminationdeterminingthe amount and fate of fill materials, and depth of fill removal needed to

reconnect grface waters withrgundwater.
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Figure 3. Bloomfield maps showing changing flow patterns and development over
time. Sources:(A) United States Geological Survey (USGS) maps 1888) Sanborn

Fire Insurance maps 1906;(C) Sanborn Fire Insurance maps 1938{D) Sanborn
Fire Insurance maps 1970;E) properties owned by Bloomfield Township in green;

(F) current 100-year (green) and 506year (blue) flood hazard map from Federal

Emergency Management Agency (FEMA) data.
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GPR technology was used to determine the tl@skrof anthropogenic fill materials and depth
to water table. The radar system (TerraSIRch Subsurface Interface Radar (SIR®)3)&d¢and
the 200 MHz antenna (Geophysical Survey Systems, Inc.) with an integrated survey wheel provided
precise distance @asurements. The ~0.81 ha study area was establishedin®ateg 21 transects
spaced 5 m apart. GPR data was processed in RADAN 7® by editing the initial positioning time
zero, removing background noise, and filtering for horizontal noise.-@R&mired thickness of
the fill material was exported to Surfer® (Golden Software, Version 13), and analyzed by kriging
with 5 m grid spacing for display purposes.

Using the GPR data, a mapidure 4) illustrating human transported fill materials (HTM),
whose tlitkness ranges from zero to ~3 m, was generated. Soil pit observations (unpublished data)
support the GPR interpretative mdpgure 5). Soil HTM volumes were calculated from the map
details. Excavation and fill removal costs were calculated using the &tasmof New Jersey high
and low [7174] excavation and removal unit costs (determined by the type of material(s) and
amount or type of contamination), provided by New Jersey Department of Environmental Protection
(NJDEP), the National Parks Service arte tFederal Remediation Technologies Roundtable
Screening Matrix an@ReferenceGuide. The estimates (Table 2) demonstrate a magnitude of cost to
help determine the fate of the HTM.

Feet

If

g

Approximate Thickness

Figure 4. Map developed fromground penetrating radar (GPR) data showing
|l ocation and depth of human transported mat
wetland restoration site.
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Table 2. Estimated soil volumes and costs for excavation and removals of human
transported material (HTM).

Soil Volume Excavation Unit | Category Excavation | Removal Unit Category Removal Total Cost
Categories cv) Tons Cost ($/CY) Cost ($) Labor and Costs ($/YD) cg;fp(:nln';yabo‘:b:';d Excavation and
(71,72,73.74) Equiptment, Debris Disposal (71,72,73,74) Disposal Removal (S)
- Oto1 | 17.9 251 136 $2,440.2 170 $3,050.2 $5,490.4
- 1t02 ‘ 206.0 288.4 136 $28,014.1 170 $35.017.6 $63,031.7
- 2t03 \ 445.0 623.1 136 $60,526.2 170 $75,657.7 $136,183.8
- 3to4 598.0 837.2 136 $81,330.8 170 $101,663.5 $182,994.3
- 4t05 535.6 749.8 136 $72,836.7 170 $91,045.9 $163,882.6
5to6 | 4105 5747 136 $65,830.2 170 $69,787.8 $125,618.0
6to7 298.3 4176 136 $40,570.3 170 $50,712.9 $91,283.3
- 7to8 | 166.6 2333 136 $22,659.1 170 $28,323.9 $50,983.0
- 8t08.8 | 36.8 515 136 $5,004.6 170 $6,255.8 $11,260.4
Total 27148 3800.7 $369,212.2 $461,515.3 $830,727.5

Figure 5. Soilt e s t pits dug to ~4 m at Lionbs Gat
showing nonheterogeneous unknown fill material depth layers.

The GPR survey could not determine the depth to water table. A possible reason was the
presence of a clay layéhatdoes not conduct GPR signals effectively. In only one of the 21 transects,
along the eastern boundary, was it possible to observe a feature potentially identified as a water table,
at ~3 m from the soil suréa and increasing in depth td m. Howe'er, signal scattering obscured
most of this feature, and the actual depth is uncertain.
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The Bloomfield conceptual design challenge is to remove fill in order to reconnect saridce
groundwaters, creating a wetland that will mitigate downstream flapdig storing stormwater
onsite, while using the excavated HTM to develop landforms that support upland recreational uses. If
the final design leaves contamination onsite, some form of capping that is protective of human health
will be required. Aproposeddesign Figure 6) creates wetland functionality through regrading,
which relocates HTM from the siteds southern
on the surrounding urban development constraints. Proposed beneficial reuse of the expensiv
remove fill materials would create landforms that delineate and frame a northern upland area for
active public use. The final project design will be subject to NJDEP permit approvals, which will
regulate contaminant mitigation and any capping requresd NJDEP will also be responsible for
approving plans and establishing fisuccessodo cr
typically based on vegetation structural measurements. This preliminary design team included
environmental and doscientists and landscape architects, with community input provided by local
elected leaders.

Figure 6. Cardboard model of possible new
Human transported material (HTM) would be excavated and relocated to create
wetlands and landforms for active recreation areagcourtesyof Jennifer Ryan.

3.2.Teaneck Creek Park, Teaneck, NJ (regulatory permit approval phase)

The Teaneck Creek wetlamdstoration is situated within thaghly urbanized (pop. 39,260;
2440 people/krf) lower Hackensack River (Figre 1) tidal estuary (for complete site description
see [39,75]).The site has a history of human alteratiangcording to maps, aerighotographs,
and historicaldocuments the area was a tidal wetland system, but installation ofyatédEl km

downstream to protect |l nterstate 95 altered t
of the surrounding landscape draining te thite changed dramatiyaas the area urbanized.
Currently rainfall and stormwater r uno fpiimary wader 6 s

inputs. Erosion and degradation from these inputs is so severe that one outfall, colloquially named
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St or mwat e rFigu@d)ntyas lbeén uifdercut by energy associated with stormwater runoff
from the surrounding developed areas. Soils are now exposed, the channel is approximately ten feet
below its surrounding floodplain, and fine grain sediment igliagpinto the receiving wetlands and
Teaneck Creek.

Figure 7. fACaryand mw auttsaerroé a regenerative stormwater
conveyance (RSC) institation at Teaneck Creek Park.

The site was closed to the public until 2002, when the County of Bergen, NJ, and a
nortgovernmental organization (NGO), the Teaneck Creek Conservancy, entered into a partnership
to undertake site remediation and wetland restoration. Two centuries of@rgénic alterations
degraded the parkodés forested riparian habitat
site, stormwater discharges cause severe riparian and stream habitat erosion, wetland habitat has bee
filled, and invasion of nomatve pl ant species is threatening t
The NGO tookovertrail maintenance and fundraising, collaborating with the County to restore park
amenities by adding a twmile trail system, an outdoor classroom, education progrand
site-specific Eceart that illustrates the history, culture and ecology of the site. The Bergen County
Audubon Society adopted the park and leads volunteers in planting and maintaining a native plant
butterfly garden.

An initial restoration design reconnected the creek and adjacent floodplain through removal of a
clay berm, andeconfiguredsite typography to lower elevations through relocation of debris piles
followed by capping, a cost saving measuoe & full desciption of the initial conceptual design see
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