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Project Study Objective

As a result of the devastation associated with

Hurricane Sandy, the goal of the study Is to address
vulnerability to coastal ¢

storm erosion in a way
that is sustainable over
the long-term, both for
the natural coastal
ecosystem and for the
communities.
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Coastal Risk Reduction and Resilience

The USACE planning
approaCh Supports an Coasta! -Risk Redl_lction
Integrated approaCh tO and Resilience: Using the

Full Array of Measures

reducing coastal risks and
Increasing human and
ecosystem community
resilience through a it oy
combination of natural,

nature-based, non-structural
and structural measures.

September 20113
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North Atlantic Coast Comprehensive Study

Support resilient coastal -
communities and robust S
sustainable coastal
landscape systems,
considering future sea level
rise and climate change
scenarios, to reduce risk to
vulnerable populations,
property, ecosystems, and
Infrastructure.

www.nad.usace.army.mil/CompStudy

© Arcadis 2015


http://www.nad.usace.army.mil/CompStudy
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Regulatory Directive - October 2015

“Directs agencies to develop and institutionalize
policies to promote consideration of ecosystem
services, where appropriate and practicable, In

planning, investments and regulatory contexts.”

https://www.whitehouse.gov/sites/default/files/omb/memoranda/2016/m-16-01.pdf



https://www.whitehouse.gov/sites/default/files/omb/memoranda/2016/m-16-01.pdf
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Consideration of Ecosystem Services

* Integrate a combination of natural, nature-based, non-
structural and structural measures.

e Developed a unique tool
that evaluates benefits (or
losses) of ecological
services across a range of
identified habitat types of
which may not have equal
value or service to the
Impacted ecosystem.
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Design Approach

Phase 1:

* Inventory of proposed projects in project area

e Screening of suitable CSRM measures

« Identification of ecological restoration opportunities
e Plan formulation — multiple alternative plans

Phase 2:

 Engineering analysis and costing
 Hydrodynamic assessment

 Ecological impact and mitigation requirements

e Selection of Tentatively Selected Plan
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Phase 1: Inventory of Ecological
Restoration Opportunities

Jamaica Bay Ecological Restoration Projects |
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Phase 1: Develop Ecological Functional
Assessment Framework

Developed framework to evaluate benefits of
ecological restoration across multiple habitat types:

« Benthic Index for Biotic Integrity (B-1Bl) for
sub-tidal and intertidal mudflat habitats.

« Evaluation of Planned Wetlands (EPW) for
coastal wetlands.

 Modified EPW for upland maritime forests and
shrublands
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Example Restoration Plan
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Maritime and Coastal Forest
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Unit of Measure

Functional Capacity Index (FCI): A relative index of a site’s
capacity to perform an ecological function

e A unit-less number from O to 1.

 Based on relationship between “elements” (or
variables) each scored to evaluate a specific function
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Phase 2: Habitat Valuation

While the ecosystem assessment tool quantifies impacts
In 3 habitat types (i.e., subtidal, wetland, upland), it
Inherently assumes services provided to Jamaica Bay
are equivalent across different habitat types.

By pairing the assessment tool with a Habitat
Equivalency Analysis (HEA), the revised tool provides a
means to comprehensively evaluate the loss of
ecological service across a wider range of habitats of
which may not have equal value or service to the
Jamaica Bay ecosystem.
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So What 1s HEA?

« HEA s atechnique used to estimate/negotiate the
restoration required to offset a natural resource injury.

 Normally applied to Natural Resource Damage
Assessment

« Critical variables that support HEA:
 Estimate of area impacted by project
e Service loss as a percent of baseline service
 Period of time which the service loss occurs
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HEA Conceptual Example

Project disturbs 1 acre of wetland habitat that provides
50% service to a sensitive species.

Loss is equal to 0.5 “service acre years” (SAYS)
e 1acrex1yearx0.5service loss = 0.5 SAYs

However, benefits of subsequent restoration efforts
occur over time. HEA adjusts this benefit based upon a
discount rate. Produces a final metric of “discounted
service acre years (DSAYs) which incorporates the
annualized discount and sums across the SAYs over
the life of a project
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HEA Variable #1 — Impacted Area

Habitats were mapped across each of the alternative
alignments, and temporary and permanent impacts
calculated.

Habitat types include:

Oyster Reef
Marsh Islands
Intertidal Mudflats
Subtidal Bottom
Intertidal Wetland

Intertidal Non-native
wetland

Rip Rap/Bulkhead
Beach

Dune
Forest/Shrubland
Ruderal

Urban
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HEA Variable #2 — Service L0OSS

Level of current ecological service or function
based upon field data and ecological assessment

results.
 B-IBI for subtidal bottom and intertidal mudflat

e EPW for intertidal wetlands
 Modified EPW for uplands
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HEA Variable #3 — Recovery Period

Habitat Recovery Period (Years)
Oyster Reef 1
Marsh Islands 5
Intertidal Mudflats 3
Subtidal Bottom 3
Intertidal Wetland 5
Intertidal Non-Native Wetland 5
Beach 1
Dune 5
Maritime and Coastal Forest and Shrubland 30
Bulkhead/Rip Rap 1
Ruderal 1
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Analytical Hierarchy Process

« HEA assumes habitat restored = habitat injured.

 However, habitats that are injured versus those restored
may not be equivalent with respect to the services they
provide to the resources of interest.

« HEA methodology was modified to accommodate a
guantitative descriptor of relative habitat quality.

* More effective tool to quantify losses and gains when
the injured and restored habitats may be different.

e A decision analysis tool, the AHP, is a modification to the
HEA process that provides weighted rankings of the
Identified habitats.
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AHP — Resources of Interest

Submerged aquatic veg.

Coastal wetland veg.
Coastal upland veg.
Benthic invertebrates
Blue crab

Horseshoe crab
American lobster
Oyster

Mussels (blue)
Mussels (ribbed)
Clams

Migratory fish
Resident fish
Diamondback terrapin
Wading birds
Seabirds
Waterfowl
Shorebirds
Osprey
Passerine birds
Mammals
Insects
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AHP — Weighted Rankings & Habitat
Equivalency Factors

Habitat Weighted Ranks Habitat Equivalency Factors
Oyster Reef 0.091 0.78
Marsh Islands 0116 0.99
Intertidal Mudflats 0.111 0.96
Subtidal Bottom 0.107 0.92
Intertidal Wetland 0.116 (&D
Intertidal Non-Native Wetland 0.087 0.75
Beach 0.080 0.69
Dune 0.079 0.68
Maritime and Coastal Forest and Shrubland 0.082 0.71
Rip Rap 0.068 0.58
Ruderal 0.062 Q.53
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Impact Assessment — DSAY Metric

Modified HEA facilitates a metric of loss associated with
each alternative plan in terms of ecological service. This
then facilitates a target to select appropriate mitigation to
offset these impacts.

Alternative Service Loss (DSAYS)
Plan A -1000
Plan B -1500
Plan C -3000




Sheet1

		Alternative Plan Service Loss



		Alternative		Service Loss (DSAYs)

		Plan A		-1000

		Plan B		-1500

		Plan C		-3000
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Mitigation Selection
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Total Adjusted Estlmate.d
Project Name Construction [Costs Per dSay
DSAYs
Costs

Shellbank Creek Habitat Restoration 1175 $21,615,701 $183,974
Marine Park West Side Marsh Restoration 105.6 $4,725,000 $44,755
Floyd Bennett Field Wetlands Center and

Habitat Creation 2039.3 $63,509,723 $31,143
Mill Basin Habitat Restoration 97.5 $10,214,112 $104,803
Dead Horse Bay Habitat Restoration 1319.9 $59,873,406 $45,363
Fresh Creek Habitat Restoration 331.4 $37,252,938 $112,418
Hendrix Creek Ecological Restoration 46.5 $2,450,000 $52,641
Motts Basin Habitat Restoration 130.3 $12,571,785 $96,480
Bayswater State Habitat Restoration 46.8 $3,480,116 $74,305
Bayswater City Habitat Restoration 36.8 $1,155,000 $31,378
Conch Basin Habitat Restoration 101.0 $3,041,500 $30,121
Dubos Point Habitat Restoration 88.8 $5,935,391 $66,806
Brant Point Habitat Restoration 39.0 $8,687,248 $222,548
Vernam Barbados Habitat Restoration 319.6 $10,920,000 $34,165
Sunset Cove Ecological Restoration and

Resiliency Project 171.3 $7,240,000 $42,255
Elders Marsh Island 752.4 $30,960,000 $41,150
Pumpkin Patch Marsh Island 430.5 $17,200,000 $39,958
Duck Point Marsh Island 411.7 $15,910,000 $38,649
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Table 2

		Table 2.  Evaluated Field Locations Within Jamaica Bay Utilizing Rapid Assessment Tool. 




		Name of Project		Project Description		Reference Plan		Evaluated Components of Rapid Assessment Tool



								IBI		Wetland		Upland

		Previously Proposed Restoration Projects

		Shellbank Creek Habitat Restoration		Salt marsh restoration.		 HRE CRP - Project Summary Sheets		x		x		x

		Marine Park West Side Marsh Restoration		Salt marsh restoration through fill removal, sediment placement in degraded marsh areas, and planting of native vegetation. Restoration of coastal scrub and forest as buffer around the marsh.		NYCDPR Personal Communication and provided GIS files 				x		x

		Dead Horse Bay Habitat Restoration		Create tidal channel to create a tidal marsh system. Use sand from tidal channel to restore other areas onsite.		HRE CRP - Project Summary Sheets; USACE Ecosystem Restoration Draft Interim Feasibility Report		x		x		x

		Floyd Bennett Field Wetlands Center and Habitat Creation 		Develop new wetlands habitat in the North Forty area of Floyd Bennett Field, increasing habitat and species diversity, improving flood resilience, and providing an educational showcase for park visitors/community 		GATE General Management Plan; Jamaica Bay Parklands Strategic Framework Plan 		x		x		x

		Four Sparrow Marsh Preserve Habitat Restoration		Salt marsh restoration through fill removal, sediment placement in degraded marsh areas, and planting of native vegetation.		NYCDPR Personal Communication and Provided GIS Files 				x

		Mill Basin Habitat Restoration		Restore fringe marsh and mud flats, soften shoreline, restore maritime shrubs and dunes		 HRE CRP - Project Summary Sheets		x		x		x

		Fresh Creek Habitat Restoration		Create marsh, creeeks, maritime forests, recontour borrow pits		HRE CRP - Project Summary Sheets; USACE Ecosystem Restoration Draft Interim Feasibility Report		x		x		x

		Hendrix Creek Ecological Restoration		Create fringe edge habitat, restore upland buffer, enhance shoreline, consider an experimental oyster reef		HRE CRP - Project Summary Sheets				x		x

		Lower Spring Creek Park 		Restore of a historic tidal marsh system by excavation to suitable elevations and creation of new tidal channels. Use sand from wetland restoration to restore other areas onsite.		HRE CRP - Project Summary Sheets; USACE Ecosystem Restoration Draft Interim Feasibility Report		x		x		x

		Coastal Protection at Charles Memorial Park		Construct a reinforced berm on the edge of the park and a berm further inland with breakwaters. CRP proposal for habitat enhancement/restoration projects within park.
		New York Rising; Integrating Natural Infrastructure into Urban Coastal Resilienc;  HRE CRP - Project Summary Sheets		x		x		x

		Hawtree Point Habitat Restoration		Remove invasive species, recover intertidal wetlands, coastal scrub and grassland.		HRE CRP - Project Summary Sheets; USACE Ecosystem Restoration Draft Interim Feasibility Report		x		x		x

		Bergen Basin Habitat Restoration		Remove invasive species, recover coastal scrub and grassland.		HRE CRP- Project Summary Sheets		x				x

		Motts Basin Habitat Restoration		Restoration of coastal marsh, maritime shrubland, and interidal.		HRE CRP - Project Summary Sheets		x		x		x

		Bayswater State Park Habitat Restoration		Salt marsh and tidal wetland restoration and adjacent upland forest / scrubland restoration.		Jamaica Bay Watershed Protection Plan, ACE Ecosystem Restoration Draft Interim Feasibility Report, HRE CRP - Project Summary Sheets		x		x		x

		Bayswater Park Habitat Restoration		Wetland and upland forest restoration, bioswales, and development of Bayside Nature Trail.		Rockaway Parks Conceptual Plan				x		x

		Conch Basin Habitat Restoration		Salt marsh restoration, with enhancement of subtidal zone		HRE CRP - Project Summary Sheets		x		x

		Somerville Basin Habitat Restoration		Preservation and restoration of salt marsh habitat, as well as maritime forsts.  Potential enhancement of subtidal zone		HRE CRP - Project Summary Sheets		x		x		x

		Dubos Point Habitat Restoration		Create tidal channels to restore marshland. Includes 2 acres of coastal forest and possible oyster reef		HRE CRP - Project Summary Sheets; USACE Ecosystem Restoration Draft Interim Feasibility Report		x		x		x

		Brant Point Habitat Restoration		Complete living shorelines for wave attenuation in Brant Point Queens		Jamaica Bay Watershed Protection Plan, ACE Ecosystem Restoration Draft Interim Feasibility Report, HRE CRP - Project Summary Sheets		x		x		x

		Vernam Barbadoes Habitat Restoration		Install wave attenuators to protect marsh, regrade vacant lot, remove debris.		HRE CRP- Project Summary Sheets		x		x		x

		Beach 86 Street Habitat Restoration		Complete living shoreline for ecological enhancement by restoring intertidal welands and adjacent upland habitats.		Rockaway Parks Conceptual Plan		x		x		x

		Sunset Cove Ecological Restoration and Resiliency Project		Install oyster revetment (NY Rising), restore salt marsh habitat and scrub-shrub forest trail, implement stormwater bio-swales and beach nourishment.		Rockaway Parks Conceptual Plan;  New York Rising; Sandy Competitive Grant Program				x		x

		Duck Point Marsh Island		Restore degraded wetland ecoystem structure, function, and dynamic processes to less degraded, more natural conditions. 		HRE CRP- Project Summary Sheets		x		x

		Pumpkin Patch Marsh Island		Restore degraded wetland ecoystem structure, function, and dynamic processes to less degraded, more natural conditions. 		HRE CRP- Project Summary Sheets		x		x

		Elders  Marsh Island		Restore degraded wetland ecoystem structure, function, and dynamic processes to less degraded, more natural conditions. 				x		x

		Other Ecological Habitats Within Proposed Alignment C and/or Requiring Additional Data Collection

		Sheepshead Bay		Evaluation of in water areas due to proposed tidal gate				x

		Plumb Beach		Evaluation habitats within footprint of evaluated CSRM								x

		Bergen Beach		Evaluation of potential living shoreline B project area as part evaluated CSRM.				x		x		x

		Canarsie Beach		Evaluation habitats within footprint of evaluated CSRM								x

		Head of Bay		Evaluate of intertidal wetlands and in water areas within footprint of evaluated CSRM				x		x

		Rockaway Shoreline		Evaluation of in water areas within footpring of evaluated CSRM				x

		Breezy Point		Evaluation of existing habitats within footprint of evaluated CSRM within lands at western-most extent of Breezy Point. 						x		x

		Jo Co marsh		Reference site for validation of model				x		x







Table 6

		Table 6.  Rapid Assesment Scoring for Existing Conditions at Evaluated Sites Within Jamaica Bay.



		Name of Project		Assessment Area (Acres)						Functional Capacity Index (FCI)						Functional Capacity Unit (FCU)



				IBI		Wetland		Upland		IBI		Wetland		Upland		IBI		Wetland		Upland

		Previously Proposed Restoration Projects

		Shellbank Creek Habitat Restoration		17.05		7.87		14.89		0.44		0.70		0.68		37.50		5.50		10.07		53.07

		Marine Park West Side Marsh Restoration		-		5.39		4.84		-		0.69		0.51		-		3.73		2.48		6.21

		Dead Horse Bay Habitat Restoration		16.67		3.09		145.57		0.44		0.46		0.69		36.67		1.43		100.93		139.03

		Floyd Bennett Field Wetlands Center and Habitat Creation 		0.00		2.13		174.39		0.52		0.60		0.67		0.00		1.28		149.20		150.48

		Four Sparrow Marsh Preserve Habitat Restoration		0.50		11.00		-		0.52		0.80		-		1.30		8.75		-		10.05

		Mill Basin Habitat Restoration		6.88		7.58		3.50		0.52		0.65		0.59		17.89		4.93		2.06		24.88

		Fresh Creek Habitat Restoration		18.72		5.56		12.22		0.52		0.58		0.47		9.73		3.25		5.77		18.75

		Hendrix Creek Ecological Restoration		-		1.13		5.84		-		0.63		0.27		-		0.71		1.59		2.30

		Lower Spring Creek Park 		0.18		2.73		171.03		0.68		0.75		0.63		0.62		2.06		107.18		109.86

		Coastal Protection at Charles Memorial Park		4.73		0.54		3.60		0.68		0.62		0.43		16.08		0.34		1.56		17.98

		Hawtree Point Habitat Restoration		3.30		1.00		1.80		0.52		0.60		0.35		8.58		0.60		0.59		9.77

		Bergen Basin Habitat Restoration		3.59		-		19.25		0.44		0.73		0.44		7.90		0.00		11.44		19.34

		Motts Basin Habitat Restoration		12.35		6.32		15.54		0.52		0.64		0.59		32.12		4.01		9.15		45.28

		Bayswater State Park Habitat Restoration		-		-		3.42		0.52		0.47		0.61		0.00		0.00		2.08		2.08

		Bayswater Park Habitat Restoration		-		1.63		1.69		0.52		0.55		0.34		0.00		0.90		0.57		1.47

		Conch Basin Habitat Restoration		4.05		4.64		-		0.24		0.40		0.22		4.87		1.83		0.00		6.70

		Somerville Basin Habitat Restoration		1.40		2.00		4.00		0.44		0.71		0.27		3.08		1.42		1.09		5.59

		Dubos Point Habitat Restoration		-		-		4.22		0.60		0.75		0.70		0.00		0.00		2.95		2.95

		Brant Point Habitat Restoration		5.99		0.73		3.56		0.52		0.59		0.49		15.57		0.43		1.74		17.74

		Vernam Barbadoes Habitat Restoration		11.46		1.16		17.31		0.44		0.70		0.63		25.22		0.81		10.95		36.98

		Beach 86 Street Habitat Restoration		1.10		0.00		1.90		0.44		-		0.63		2.42		0.00		1.20		3.62

		Sunset Cove Ecological Restoration and Resiliency Project		-		-		9.79		-		-		0.32		0.00		0.00		3.64		3.64

		Duck Point Marsh Island		37.00		-		-		-		-		0.52		0.00		0.00		19.24		19.24

		Pumpkin Patch Marsh Island		40.00		-		-		0.52		0.48		-		20.80		0.00		0.00		20.80

		Elders  Marsh Island		72.00		-		-		0.60		0.84		-		43.20		0.00		0.00		43.20

		Other Ecological Habitats Within Proposed Alignment C and/or Requiring Additional Data Collection*

		Sheepshead Bay		-		-		-		0.60		-		-

		Plumb Beach		-		-		-		-		-		0.75

		Bergen Beach		7.50		2.76		6.79		0.60		0.57		0.70		22.49		1.56		4.76

		Canarsie Beach		-		-		-		-		-		0.47

		Head of Bay		-		-		-		0.52		0.68		-

		Rockaway Shoreline		-		-		-		0.60		-		-

		Breezy Point		-		-		-		0.24		-		0.67

		Jo Co marsh		-		-		-		0.44		0.81		-



		* Projects are presented in effort to present rapid assessment field scoring.  Service scores (FCI) applied to HEA.





Table 7 

		Table 7.  Rapid Assesment Scoring for Future With Project Conditions at Evaluated Sites Within Jamaica Bay.



		Name of Project		Assessment Area (Acres)						Functional Capacity Index (FCI)						Functional Capacity Unit (FCU)



				IBI		Wetland		Upland		IBI		Wetland		Upland		IBI		Wetland		Upland

		Previously Proposed Restoration Projects

		Shellbank Creek Habitat Restoration		17.05		9.12		13.64		0.48		0.81		0.80		41.25		7.35		10.97		59.57

		Marine Park West Side Marsh Restoration		-		10.22		0.01		-		0.80		0.80		-		7.02		0.01		7.03

		Dead Horse Bay Habitat Restoration		23.24		29.04		113.35		0.53		0.91		0.97		61.35		26.45		109.58		197.38

		Floyd Bennett Field Wetlands Center and Habitat Creation 		4.91		75.62		94.79		0.52		0.90		0.86		12.77		68.08		94.79		175.64

		Four Sparrow Marsh Preserve Habitat Restoration		-		11.00		-		-		0.80		-		-		8.84		-		8.84

		Mill Basin Habitat Restoration		6.88		7.58		3.50		0.57		0.80		0.84		19.68		6.10		2.95		28.73

		Fresh Creek Habitat Restoration		9.09		16.10		11.32		0.62		0.92		0.81		5.67		14.85		9.15		29.67

		Hendrix Creek Ecological Restoration		-		1.13		5.85		-		0.89		0.63		-		1.00		3.67		4.67

		Lower Spring Creek Park 		5.72		61.67		107.83		0.82		0.92		0.97		23.34		56.46		104.24		184.04

		Coastal Protection at Charles Memorial Park		3.50		2.00		3.50		0.82		0.92		0.77		14.28		1.83		2.68		18.79

		Hawtree Point Habitat Restoration		3.30		1.00		1.70		0.52		0.93		0.71		8.58		0.73		1.21		10.52

		Bergen Basin Habitat Restoration		3.59		-		19.25		0.48		0.92		0.84		24.94		0.00		16.25		41.19

		Motts Basin Habitat Restoration		12.35		6.32		15.54		0.57		0.93		0.86		35.33		4.63		13.29		53.25

		Bayswater State Park Habitat Restoration		0.42		2.18		0.92		0.62		0.93		0.91		1.31		2.03		0.84		4.18

		Bayswater Park Habitat Restoration		0.00		1.63		1.69		0.57		0.93		0.70		0.00		1.52		1.18		2.70

		Conch Basin Habitat Restoration		4.05		4.64		-		0.26		0.92		0.70		5.35		4.26		0.00		9.61

		Somerville Basin Habitat Restoration		1.40		3.00		0.80		0.48		0.89		0.69		3.39		2.67		0.55		6.61

		Dubos Point Habitat Restoration		1.38		3.61		-		0.66		0.92		0.92		4.54		3.30		0.00		7.84

		Brant Point Habitat Restoration		5.99		2.00		2.29		0.52		0.82		0.79		15.57		1.65		1.80		19.02

		Vernam Barbadoes Habitat Restoration		1.61		15.52		14.01		0.53		0.92		0.89		4.26		14.21		12.46		30.93

		Beach 86 Street Habitat Restoration		1.00		0.70		0.50		0.53		0.92		0.89		2.64		0.64		0.44		3.72

		Sunset Cove Ecological Restoration and Resiliency Project		-		5.52		4.23		-		0.92		0.86		-		5.07		3.64		8.71

		Duck Point Marsh Island		-		37.00		-		0.57		0.85		-		0.00		31.44		0.00		31.44		184.00

		Pumpkin Patch Marsh Island		-		40.00		-		0.57		0.84		-		0.00		33.58		0.00		33.58

		Elders  Marsh Island		-		72.00		-		0.66		0.91		-		0.00		65.69		0.00		65.69

		Other Ecological Habitats Within Proposed Alignment C and/or Requiring Additional Data Collection

		Bergen Beach		8.06		3.27		4.42		0.72		0.90		0.93		29.01		2.93		4.13







Table 16

		Gain of Service or DSAYs Associated With Remaining Ecological Restoration Projects. 

		Project Name		Function Capacity Units (FCUs) - No Action*		FCUs 		Total Adjusted DSAYs		Estimated Construction Costs		Costs Per dSay

		Shellbank Creek Habitat Restoration		53.07		59.57		117.5		$21,615,701		$183,974

		Marine Park West Side Marsh Restoration		6.21		7.03		105.6		$4,725,000		$44,755

		Floyd Bennett Field Wetlands Center and Habitat Creation 		150.48		175.64		2039.3		$63,509,723		$31,143

		Mill Basin Habitat Restoration		24.88		28.73		97.5		$10,214,112		$104,803

		Dead Horse Bay Habitat Restoration		139.03		197.38		1319.9		$59,873,406		$45,363

		Fresh Creek Habitat Restoration		18.75		29.67		331.4		$37,252,938		$112,418

		Hendrix Creek Ecological Restoration		2.30		4.67		46.5		$2,450,000		$52,641

		Motts Basin Habitat Restoration		45.28		53.25		130.3		$12,571,785		$96,480

		Bayswater State Habitat Restoration		2.08		4.18		46.8		$3,480,116		$74,305

		Bayswater City Habitat Restoration		1.47		2.70		36.8		$1,155,000		$31,378

		Conch Basin Habitat Restoration		6.70		9.61		101.0		$3,041,500		$30,121

		Dubos Point Habitat Restoration		2.95		7.84		88.8		$5,935,391		$66,806

		Brant Point Habitat Restoration		17.74		19.02		39.0		$8,687,248		$222,548

		Vernam Barbados Habitat Restoration		36.98		30.93		319.6		$10,920,000		$34,165

		Sunset Cove Ecological Restoration and Resiliency Project		3.64		8.71		171.3		$7,240,000		$42,255

		Elders Marsh Island 		43.20		65.69		752.4		$30,960,000		$41,150

		Pumpkin Patch Marsh Island		20.80		33.58		430.5		$17,200,000		$39,958

		Duck Point Marsh Island		19.24		31.44		411.7		$15,910,000		$38,649







table 9

		Table 9. Habitat Rankings by Resource.



		Resource		Oyster Reef		Marsh Islands		Intertidal Mudflats		Subtidal Bottom		Intertidal (Wetland)		Intertidal (Non-Native Wetland)		Upland (Beach)		Upland (Dune)		Upland (Forest)		Upland (Rip Rap)		Upland (Ruderal)

		Aquatic Vegetation		0.11		0.13		0.09		0.16		0.13		0.09		0.06		0.06		0.06		0.06		0.06

		Wetland Vegetation		0.12		0.16		0.11		0.05		0.14		0.08		0.08		0.08		0.05		0.05		0.05

		Upland Vegetation		0.10		0.10		0.07		0.05		0.10		0.07		0.10		0.14		0.16		0.05		0.07

		Benthic Invertebrates		0.09		0.11		0.15		0.15		0.11		0.07		0.09		0.05		0.05		0.07		0.05

		Blue crab		0.12		0.09		0.12		0.12		0.16		0.09		0.05		0.05		0.05		0.08		0.05

		Horseshoe crab		0.07		0.10		0.15		0.10		0.10		0.08		0.15		0.10		0.06		0.05		0.05

		American Lobster		0.14		0.08		0.12		0.16		0.12		0.08		0.05		0.05		0.05		0.08		0.05

		Oyster		0.16		0.09		0.09		0.14		0.09		0.08		0.05		0.05		0.05		0.12		0.05

		Mussels (blue)		0.13		0.07		0.11		0.14		0.07		0.07		0.07		0.07		0.07		0.16		0.07

		Mussels (ribbed)		0.09		0.15		0.11		0.09		0.15		0.12		0.06		0.06		0.06		0.06		0.06

		Clams		0.08		0.12		0.15		0.15		0.10		0.08		0.10		0.05		0.05		0.05		0.05

		Forage Fish		0.09		0.13		0.16		0.09		0.13		0.09		0.07		0.05		0.05		0.07		0.05

		Resident Fish		0.09		0.12		0.14		0.16		0.09		0.09		0.07		0.05		0.05		0.09		0.05

		Anadromous Fish		0.07		0.10		0.13		0.16		0.13		0.10		0.07		0.05		0.05		0.07		0.05

		Diamondback Terrapin		0.07		0.16		0.08		0.06		0.12		0.08		0.12		0.12		0.08		0.05		0.05

		Wading Birds		0.09		0.14		0.14		0.07		0.14		0.11		0.07		0.07		0.09		0.05		0.05

		Seabirds		0.08		0.15		0.13		0.15		0.08		0.06		0.08		0.08		0.08		0.06		0.05

		Waterfowl		0.06		0.13		0.09		0.09		0.16		0.13		0.05		0.05		0.08		0.06		0.09

		Shorebirds		0.07		0.11		0.15		0.05		0.11		0.08		0.15		0.11		0.08		0.05		0.05

		Osprey		0.09		0.12		0.09		0.16		0.12		0.07		0.06		0.07		0.12		0.05		0.05

		Passerines		0.05		0.11		0.05		0.05		0.11		0.09		0.08		0.14		0.16		0.05		0.09

		Mammals (Bats)		0.05		0.06		0.08		0.05		0.13		0.10		0.08		0.13		0.16		0.06		0.10

		Insects 		0.05		0.11		0.05		0.05		0.08		0.08		0.08		0.13		0.16		0.05		0.13







habitat units

		Table X. Permanent Impacts Associated With Alternative D.										Summary Impacts and Proposed Benefits (i.e., Mitigation) Based Upon Area (Acreage) Metric



		Habitat Type		Permanent Impact (Acres)								Habitat Type		Permanent Impacts						Temporary Impacts						Proposed Mitigation 

		Subtidal Bottom		45.1								Alignment		Alt. C-2		Alt. C-1E		Alt. D		Alt. C-2		Alt. C-1E		Alt. D		Alt. C-2*				Alt. C-1E**				Alt. D***

		Intertidal Mudflat		25.1																						Before		After		Before		After		Before		After

		Intertidal Wetlands		9.4								Subtidal Bottom		37.7		34.6		45.1		0.1		1.2		13.0		3.4		3.4		0.0		0.0		3.4		3.4

		Non-Native Wetlands		3.5								Intertidal Mudflat		3.3		7.5		25.1		3.8		8.8		24.2		50.3		19.9		72.0		4.9		13.3		24.8

		Beach		17.0								Intertidal Wetlands		0.0		0.0		9.4		0.0		0.1		7.0		0.1		66.0		2.1		147.6		2.3		104.7

		Dune		6.8								Non-Native Wetlands		0.0		0.4		3.5		0.0		0.4		0.3		3.1		0.0		0.0		0.0		3.1		0.0

		Maritime Forest/Shrubland		31.5								Beach		0.0		13.0		17.0		61.0		69.9		69.6		3.6		3.6		4.8		4.8		8.4		8.4

		Ruderal		46.7								Dune		3.1		4.0		6.8		10.4		11.3		10.3		2.6		3.7		0.0		0.0		2.6		3.7

		Rip Rap / Bulkhead		13.5								Maritime Forest/Shrubland		6.7		20.6		31.5		3.9		11.4		30.3		5.7		105.9		75.5		90.0		81.2		195.9

		Urban		48.4								Ruderal		0.4		24.4		46.7		0.6		12.6		49.4		133.7		0.0		94.0		0.0		227.7		0.0

												Rip Rap / Bulkhead		4.2		6.5		13.5		0.2		0.4		3.5		0.0		0.2		0.0		0.0		0.0		0.2

												Urban		6.7		18.7		48.4		6.2		12.8		41.5		0.0		0.0		0.1		0.0		0.1		0.0

		Table X. Temporary Impacts Associated With Alternative D.										* Assumes implementation of Dead Horse and Duck Point

												** Assumes implementation of Back 40 and Elders Island

		Habitat Type		Permanent Impact (Acres)								*** Assumes implementation of Dead Horse and Back 40

		Subtidal Bottom		13.0

		Intertidal Mudflat		24.2

		Intertidal Wetlands		7.0

		Non-Native Wetlands		0.3

		Beach		69.6

		Dune		10.3

		Maritime Forest/Shrubland		30.3

		Ruderal		49.4

		Rip Rap / Bulkhead		3.5

		Urban		41.5



		Table X. Permanent Impacts Associated With Alternative C-1E.



		Habitat Type		Permanent Impact (Acres)

		Subtidal Bottom		34.6

		Intertidal Mudflat		7.5

		Intertidal Wetlands		0.0

		Non-Native Wetlands		0.4

		Beach		13.0

		Dune		4.0

		Maritime Forest/Shrubland		20.6

		Ruderal		24.4

		Rip Rap / Bulkhead		6.5

		Urban		18.7



		Table X. Temporary Impacts Associated With Alternative 1-E.



		Habitat Type		Permanent Impact (Acres)

		Subtidal Bottom		1.2

		Intertidal Mudflat		8.8

		Intertidal Wetlands		0.1

		Non-Native Wetlands		0.4

		Beach		69.9

		Dune		11.3

		Maritime Forest/Shrubland		11.4

		Ruderal		12.6

		Rip Rap / Bulkhead		0.4

		Urban		12.8



		Table X. Permanent Impacts Associated With Alternative C-2.



		Habitat Type		Permanent Impact (Acres)

		Subtidal Bottom		37.7

		Intertidal Mudflat		3.3

		Intertidal Wetlands		0.0

		Non-Native Wetlands		0.0

		Beach		0.0

		Dune		3.1

		Maritime Forest/Shrubland		6.7

		Ruderal		0.4

		Rip Rap / Bulkhead		4.2

		Urban		6.7



		Table X. Temporary Impacts Associated With Alternative 2.



		Habitat Type		Permanent Impact (Acres)

		Subtidal Bottom		0.1

		Intertidal Mudflat		3.8

		Intertidal Wetlands		0.0

		Non-Native Wetlands		0.0

		Beach		61.0

		Dune		10.4

		Maritime Forest/Shrubland		3.9

		Ruderal		0.6

		Rip Rap / Bulkhead		0.2

		Urban		6.2
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