Opportunity: Restoring Shorelines

Shorelines where the river meets the land can
support a wide array of plants, animals, and fish
and act as natural water filters if kept and
managed in a natural way.

There are over 20 miles of shoreline along the
Christina and Brandywine Rivers in the project
area. Where these shorelines have not been
hardened with bulkheads or other structures,
restoring living shorelines can provide natural
habitat and help prevent erosion and flooding. A
gradually sloping natural shoreline can also offer
opportunities for people to view and interact with
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Which CBR4 goals does this opportunity meet?
| Restoration and Protection of Wetlands | Restoration and Protection of Shorelines /| Increase Community Resilience
| Restoration and Protection of Riparian Areas [\//| Remediation of Contaminants /| Improve Community Access to Rivers

| Restoration and Protection of Adjacent Habitats
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Implement shoreline stabilization
Improve water quality

-Mitigate flooding

-Provide access to the river

-Meet community needs
.Designed to fit like a “puzzle piece” with future projects
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Opportunity: Restoring Shorelines

Shorelines where the river meets the land can
support a wide array of plants, animals, and fish
and act as natural water filters if kept and
managed in a natural way.

There are over 20 miles of shoreline along the
Christina and Brandywine Rivers in the project
area. Where these shorelines have not been
hardened with bulkheads or other structures,
restoring living shorelines can provide natural
habitat and help prevent erosion and flooding. A
gradually sloping natural shoreline can also offer
opportunities for people to view and interact with

I = CBR4ACI

A Hardened Shoreline
2 Living Shoreline Opportunity §y
—1 Christina/Brandywine Waterbody >,

[Z2 Marinas/Port Facilities/Docks

~] Parks/Recreational

4 | these natural areas and the water’s edge.
Which CBR4 goals does this opportunity meet?
| Restoration and Protection of Wetlands | Restoration and Protection of Shorelines /| Increase Community Resilience
| Restoration and Protection of Riparian Areas [\//| Remediation of Contaminants /| Improve Community Access to Rivers

| Restoration and Protection of Adjacent Habitats




Example Project

Project

Focal Project
Areas
Forest

understory
restoration

Armored

I intertidal living
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Intertidal living
shoreline

Restoring Shorelines: 7" St. Peninsula

7th Street
Peninsula:
Parks

ws DS, USDA, USES,

Summary: Skate park and old boat ramp with
sites of ecological interest

Existing Conditions: Characteristic mudflats with
varying levels of protection that may be
accreting, wetland forest with fringing
Phragmites




Example Project Restoring Shorelines: 7t St. Peninsula

Existing stone shoreline

Proposed living shoreline structural element
(e.g. rock, coir logs, oyster shell-based material)

Low marsh area

£ High marsh area

Create tidal pools for habitat variability
and utilize removed materials for

Intertidal pool
restoration planting areas
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] Invasive species control area

Potential restoration material source ]

Place borrow material and plant to
3 create low marsh and high marsh
Create gaps in existing stone 7 areas
shoreline and install weirs to 3
control tidal exchange

Meadow

Freshwater mussel habitat

Christina River

Freshwater mussel habitat
Install living shoreline earthen element NS
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Install living shoreline structural element to promote 2 / S S.ﬁ?‘;fﬂﬁmﬁ{m:;@ﬁg;; and
sediment accretion and expansion of marsh \ g F - . 5 Ao / plam; il bl

Install living shoreline structural element to allow
tidal exchange. Potentially install freshwater
mussel cages or other rigid and permeable
ecological features. Site specific hydrodynamic
modeling will inform final dlesign

Existi
Possible restoration material borrow source. > mrmnﬁa‘e, outlet
Potential for use in marsh creation will
require further understanding of current
habitat uses, hydrodynamic impacts, and
other environmental implications of removal

Notes: » .

1. Aerial Source: Google Earth Imagery dated February 8, 2019. Brandywine River
2. Site Key Source: UsGS National Map dated 2019,

3. The restoration features shown on this figure are conceptual in nature and are subject to future

alterations resulting from stakeholder input, conditions at the site, or other constraints,

Publs
Filepath

o\ Horsham\Projects\Arm ericanRivers. (B

ANCHOR Figure 2
QEAEET 7th Street Park - Plan View

Mapping\Corceptual DesigC onceptusiGraphics\indesign\TthStreet

Restoration Concept Plans
Christina Brandywine River Remediation
Restoration Resilience (CBR4) Project
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Example Project

Restoring Shorelines: 7" St. Peninsula

Project Features:

1. Wetland forest

understory restoration

e Control invasive
Phragmites

* Plant native vegetation

e Trail alignment

_ Existing stone shoreline

R 0o ing shoreline strucuraleemert
(eg. rock, coir logs, oyster shell-based material)

B Lo mersh area
I ion mersh area
- Intertidal pool
- Subtidal pool

[ Frovesed ving shoreine arthen clement
(e.g: vegetated berm or other “soft” feature)
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Control existing woody invasive species and
vines; replant with containenzed woody
plants and reseed with custom seed mi

Instel living shoreline structural element to allow
tidal exchange. Potentially install freshwater
mussel cages or other rigid and permeable
ecological features. Site specific hydrodynamic
modeling willinform final design

Brandywine River
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7th Street Park - Plan View
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Example Project

Restoring Shorelines: 71" St. Peninsula

Project Features:

1. Wetland forest
understory restoration

2. Armored Intertidal
living shoreline

* Increase tidal exchange

* Vegetation plantings
and mussel
installations

Retain existing stone shoreling

Create gaps In existing stone
shoreline and install weirs to
control tidal exchange

Freshwater mussel habitat

Install living shoreline earthen element
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Place borrow matenial and plant to
create low marsh and high marsh



Example Project Restoring Shorelines: 7" St. Peninsula

Project Features:

1. Wetland forest
understory restoration

3 Establish meadow (invasive
pecies control and meadow
seed mix application)

2. Armored Intertidal
living shoreline

EENEEENR

3. Intertidal living

shoreline
° U pSt rea m p rOteCt i O n Freshwater mussel habitat
° P I a nti n gs o r St ru Ct u res Install living shoreline earthen element

Install living shoreline structural element to promote
sediment accretion and expansion of marsh

tidal exchange. Potentially install freshwater
mussel cages or other rigid and permeable
ecological features. Site specific hydrodynamic
modeling will inform final design

Possible restoration material borrow source.
Potential for use in marsh creation will
require further understanding of current
habitat uses, hydrodynamic impacts, and
other environmental implications of removal




Restoring Shorelines: 7" St. Peninsula

Restoration Improved tidal exchange, increased habitat diversity, and potential mussel installations will
restore key intertidal ecosystem characteristics and functions

Remediation Sediment evaluation needed prior to redistribution; consider borrow material sources.

Resilience Improving stability at high-energy confluence, potential flood mitigation

*public Access Public access will be integrated into the design to encourage more positive interaction
with the site

7t Street Signatuwre Species
Eastern Elliptio

Peninsula:
Parks

Project

Focal Project
Areas
Forest
understory
restoration

Armored

I intertidal living

shoreline

Intertidal living
shoreline

Eastern Elliptio is a freshwater mussel. It filters
and improves water quality and serves as food for
other species like fish, raccoons, otters, and birds.
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Example Project Restoring Shorelines: Dravo Shoreline

Dravo |
Shoreline
Proje.ct‘
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Summary: Stretch of historic pilings

Existing Conditions:

* Vegetation growing atop pilings

* North end rip-rapped and steeper

* South end characterized by softer, but stable
sediment and gentler slope




Example Project Restoring Shorelines: Dravo Shoreline

LEGEND

Floating wetland

Invasive species control area

Proposed living shoreline structural element
(e.. rock. coir logs, oyster shell-based material)

Proposed living shareline earthen element
(2.0, vegetated berm or other “soft” feature)

Floating log boom
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Floating Log Boont Example, Buffalo River ! @ Floating Wetlanilin Baftimore Harbor § Nesting platform
= Buffalo, New York \ Bajtimore, Maryland
Sontee; Anchor »QEA, 2018 . Source: National Aguarium/Baltimore

Install segmented living shoreline
(earthen and structural elements)

Floating log boom to reduce energy on shoreline features
and allow drainage from existing stormwater outfalls

Floating wetland anchored to existing piles

Invasive species control and
vegetation enhancement area

Osprey nesting platform

Notes:

1. Aerial Source: Google Earth Imagery dated February 8, 2019.

2. Site Key Source: USGS National Map dated 2019.

3. The restoration features shown on this figure are conceptual in nature and are subject to future
alterations resulting from stakeholder input, conditions at the site, or other constraints. SCALEINTEL]
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Example Project

Project Features:

1. Management of

existing vegetation

* Control invasive species

* Bolster native plant
populations

~ Floating Log Boonk Example Buffalo River
Buffalo, New York
nchor QEA, 2018

Install segmented living shoreline
(earthen and structural elements)
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Invasive species control and
vegetation enhancement area

Osprey nesting platform

Notes:
1. Aerial Source: Google Earth Imagery dated February 8, 2019,

2. Site Key Source: USGS National Map dated 2019.

3. The restoration features shown on this figure are conceptual in nature and are subject to future
alterations resulting from stakeholder input, conditions at the site, or other constraints.
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. Floating Wetlan in Baltimore Harbor
Bajtimore, Maryland
Source: National Aguarium/Baltimore

Restoring Shorelines: Dravo Shoreline

PP Inasive species control area

| Proposed living shoreline structural element
(&.9. rock. coir lags, oyster shell-based material)

- Proposed living shoreline earthen element
(e:g. vegetated berm or cther “soft” feature)

m_Floating log boom

Nesting platform

Floating log boom to reduce energy on shoreline features
and allow drainage from existing stormwater outfalls

Floating wetland anchored to existing piles
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Example Project Restoring Shorelines: Dravo Shoreline

LEGEND

/ - Floating wetland
'I‘ Invasive species control area

- Proposed living shoreline structural element
{e.g. rack. coir logs, oyster shell-based material)

Project Features:

1. Management of
existing vegetation

2. Wetland habitat uplift
* Northern half: BTt R
experimental floating A T A AL
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- Proposed living shareline earthen element
(e.g. vegetated berm or other "soft” feature)
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Floating log boom to reduce energy on shoreline features
and allow drainage from existing stormwater outfalls

@mple, Buffalo River
Buffalo, New York

Fleating wetland anchaored to existing piles



Example Project

Project Features:

1. Management of
existing vegetation

2. Wetland habitat uplift

* Northern half:
experimental floating
wetlands

* Southern half:
stabilized, modular
living shoreline pockets
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Restoring Shorelines: Dravo Shoreline

AR ORN (B Install segmented living shoreline
; (earthen and structural elements)
2 .
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c Invasive species control and
vegetation enhancement area

Osprey nesting platform



Restoring Shorelines: Dravo Shoreline

Restoration Management of invasives and maintenance of important native plant communities will
benefit pollinators and aquatic species

Remediation Less sediment disturbance necessary, but evaluations will still take place
Resilience Floating wetlands and pocket living shorelines will contribute to cleaner, healthier waters
*public Access Offers great opportunity to pilot novel floating wetland and modular living shoreline

concepts at a site that experiences considerable foot traffic.
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Juvenile Striped Bass

Project
Eocal Project Areas
Floating Weflands{

- Modular Living
Shorelines
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Young striped bass live and forage in estuarine
environments before they grow large enough to
migrate; they receive protection and abundant food
from complex vegetated habitats




