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ABSTRACT:

This Draft Integrated Feasibility Report and Tier 1 Environmental Impact Statement (Draft
Integrated Report) presents preliminary findings of a study to identify coastal storm risk
management (CSRM) strategies to increase resilience and to reduce risk from future storms and
compounding impacts of sea level change (SLC) for the New Jersey Back Bays (NJBB) region.
The objective of the NJBB CSRM Study is to investigate CSRM problems and identify solutions
to reduce damages from coastal flooding that affect population, critical infrastructure, , property,
and ecosystems. This Draft Integrated Report builds upon the analyses and findings presented
in the March 2019 NJBB Interim Report. Both reports are available at
https://www.nap.usace.army.mil/Missions/Civil-Works/New-Jersey-Back-Bays-Study/.

This DraftIntegrated Report has been conductedin accordance with Engineering Regulation (ER)

1105-2-100, Planning Guidance Notebook, and is considered a decision document providing the
Afconsolidated documentation of technical and pol
which the U.S. Army Corps of Engineers Philadelphia District Commander bases the
recommendation to the Major Subordinate Command Commander to approve the recommended
project f or i TinsDecumem teadribe®the.edgineering, economic, social, and
environmental analyses conducted to date towards developing a Final Integrated Feasibility

Report and Tier 1 Environmental Impact Statement in 2022.

Per ER 1105-2-100, the feasibility study process to date is aligned with the National
Environmental Policy Act of 1969, as amended (NEPA). Specifically, a public notice was issued
on October 31, 2016 announcing the initiation of scoping, and to invite the public, resource
agencies and stakeholders to participate in the process. An initial scoping/public meeting was
held in December 2016. In addition, agency and stakeholder engagement was initiated via
scoping letters at that time. A Notice of Intent (NOI) to prepare a Tiered Environmental Impact
Statement was published in the Federal Register on December 17, 2019. Since NEPA was
initiated priortot he new C BQdate ta theeRegufations Implementing the Procedural
Provisions of the National Environmental Policy Actd ad o pt e d ihisEISwas devebie® O ,



in accordance with the applicable regul atio
regulations in ER 200-2-2 and the previous CEQ NEPA regulations at 40 CFR Part 1500 (NEPA
Implementing Regulations).

Because of the large scope, scale, and complexity of the affected environment and alternatives
being considered, the EIS will be conducted in tiers. Tiering (defined in 40 CFR 1508.28) is a

means of making the environmental review pr
repetitive discussions of the same issues and to focus on the actual issues suitable for decision
at each level of environmenta | r e Vhis &€\8 @valuates potential impacts of the proposed

action in accordance with NEPA, and other applicable state and federal laws and USACE policies
at a 0 Ti.dAlternativies sloh as ectitical infrastructure, nonstructural measures, structural
measures, and natural and nature-based features (NNBFs) were evaluated to determine the
potential impacts to the natural and human environment resulting from the proposed action.
Potential impacts to land use; tidal processes; water quality; floodplains; vegetation, wetlands,
and submerged aquatic vegetation; wildlife and terrestrial habitat; plankton; Essential Fish Habitat
and fishery resources; benthic resources; special status species; cultural resources; recreation;
aesthetics and visual resources; socioeconomics; hazardous, toxic, and radioactive waste; air
guality; and noise are analyzed in the EIS.

Since this Draft Integrated Report is required by NEPA and ER 1105-2-100, USACE is soliciting
public comments and questions on this Draft Integrate Report for 45 calendar days in order to
promote continued collaboration and transparency. Public scoping meetings were held in
December 2016 and September 2018. Public and stakeholder webinars were also held in March
2019 and May 2021 to provide a status of the study and to solicit public comments and questions.

Il nterested parties can access further info
situated  at https://www.nap.usace.army.mil/Missions/Civil-Works/New-Jersey-Back-Bays-
Coastal-Storm-Risk-Management/.

Questions and comments regarding the NJBB CSRM Study can be emailed to PDPA-
NAP@usace.army.mil ( r ef erence A NJBBO ioftheenmiy. subj ect

All comments concerning this Draft Integrated Report are required to be submitted by October
12, 2021.

For further information and to submit comments, please contact the U.S. Army Corps of
Engineers, Philadelphia District:

U.S. Army Corps of Engineers, Philadelphia District

100 Penn Square East, Wanamaker Building

Philadelphia, Pennsylvania19107-3390

Attention: Peter R. BlumP.E.

e-mail: PDPA-NAP@usace.army.mil ( r ef er ence A NJBBO i n t thee
email)Phone: 215-656-6515

NOTE TO READER: As discussed further in this Draft Integrated Report, the findings to date
have built-in assumptions that will be further evaluated and/or validated as the NJBB CSRM Study
progresses. While the critical assumptions were socialized with interested groups and decision
makers through public meetings and events and with a risk register, there is inherent risk and
potential uncertainty associated with these assumptions that will be continually analyzed and
reduced as the NJBB CSRM Study progresses.
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Executive Summary

Document Overview

This U.S. Army Corps of Engineers (USACE) New Jersey Back Bays (NJBB) Coastal Storm Risk
Management (CSRM) Draft Integrated Feasibility Report and Tier 1 Environmental Impact
Statement (EIS)(Draft Integrated Report) presents apreliminary focused array of alternative plans
that reduces risk to human life and flooding risk from coastal storms in the NJBB Region. These
findings and associated analyses are consistent with study planning objectives in addition to
minimizing environmental, social, and economicimpacts. The reduction of flood-relateddamages
to residential structures, commercial structures, critical infrastructure, and industries is critical to
the national and regional economy.

The long-term strategy for resilience in the NJBB Region is a scalable solution that integrates
CSRM efforts included in this Draft Integrated Report as well as CSRM efforts considered by the
New Jersey Department of Environmental Protection (NJDEP, the NJBB CSRM Study non-
Federal Sponsor), other Federal agencies, NGOs, and municipal entities. The NJBB CSRM Study
was developed in association with the New Jersey Draft Climate Change Resilience Strategy
(draft April 2021) and the NJ Climate Adaptation Alliance Science and Technical Advisory Panel
(STAP) which convened in 2019 and developed sealevel change (SLC) projection guidance.

This Draft Integrated Report was prepared in accordance with relevant laws and USACE
guidance, was informed by Federal or USACE policy, and is considered a formal decision
document, inclusive of a Tiered EIS which is a National Environmental Policy Act of 1970 (NEPA)
compliant document.

The USACE will continue to coordinate with the USACE and NJDEP to further study the array
of alternatives towards the potential implementation of the recommended projectin accordance
with current policy.

Study Area & Existing Conditions Overview

The study area (Figure ES-1) has been subdivided into five regions based on problems and
opportunities, geomorphology, and hydraulic interconnectedness of water bodies. The NJBB
study area is a major populated area that stretches over five New Jersey counties: Cape May,
Ocean, Atlantic, Monmouth, and Burlington. The study area encompasses over 674,000
permanent residents (2020), millions of seasonal visitors, and over $40 billion in annual Gross
Domestic Product (2019). Furthermore, the asset inventoryis valued at over $72 billion (FY2021
Price Level) as evidenced by structure count and value on a County basis (Table ES-1).
Additional NED categories, such as transportation delay, non-transferrable income loss, local
costs foregone, and emergency costs, further expand the total NED damage pool to over $90
billion total (FY2021 Price Level).

The study area includes the bays and river mouths located landward of the barrier islands and
Atlantic Ocean-facing coastal areas inthe State of New Jersey. The Atlantic Ocean Coast of New
Jersey is fronted by a Federal CSRM program consisting of beach nourishment including dune
construction along the oceanfront shoreline. However, the NJBB region currently lacks a
comprehensive CSRM program that will protect communities on the bay side of the barrier



islands. As a result, the NJBB region experienced major impacts and devastation during
Hurricane Sandy and subsequent coastal storm events, including damaged property and the
disruption of millions of lives due to the combination of low-lying topography, sea level change,
densely populated residential and commercial areas, extensive low-lying infrastructure, and
degraded coastal ecosystems.

Further vulnerability to coastal storms and the potential for future, more devastating events due
to changing sealevel and climate change is significant. Rising sealevels representaninexorable
process causing numerous, significant water resource problems such as increased widespread
flooding along the coast; changes in salinity gradients in estuarine areas that impact ecosystemns;
increased inundation at high tide; decreased capacity for storm water drainage; and declining
reliability of critical infrastructure services such as transportation, power, and communications.
Addressing these problems requires a paradigm shift in how we work, live, travel, and play in a
sustainable manner as a large extent of the area is at a very high risk of coastal storm damage
as sea levels continue to rise.

The preliminary focused array of alternative plans is presented by individual region in Chapter 7
of this Main Report. These alternative plans are compared to the No Action/FWOP Condition
which includes no additional management measures above the existing condition plus CSRM
actions either constructed or currently under construction to manage coastal storm risk. This
preliminary focused array of alternative plans and continued study analyses are necessary to
determine the plan that reasonably maximizes National Economic Development (NED) benefits
while not sacrificing environmental, regional, or social concerns and will ultimately result in the
selection of a recommended plan for construction authorization in subsequent phases of the
feasibility study. The Tentatively Selected Plan is presented in Chapter 8 of this Main Report.
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Figure ES-1: The Tentatively Selected Plan
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Table ES-1: Structure Inventory Totals and Values within the Project Area

County CSOtl:lrJ]tcture Value

Monmouth 10,598 $4,357,499,270
Ocean 81,262 $25,034,178,930
Burlington 322 $99,498,110
Atlantic 32,825 $20,842,857,680
Cape May 57,923 $21,890,206,340
Total 182,930 $72,224,240,330

Tentatively Selected Plan Overview

The tentatively selected plan (TSP) as identified for the intermediate SLC scenario is presented
in Figure ES-1 and is based upon the formulation of management measures into the focused
array of alternative plans. The formulation of the focused array follows The USACE six-step
planning process as defined in the Planning Guidance Notebook (ER 1105-2-100), and considers
several criteria, including:

AFour evaluation accounts identified in the USACE Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation
Studies (1983) (Principles and Guidelines) which include the National Economic
Development, Regional Economic Development, Environmental Quality, and Other
Social Effects accounts.

AThe four Planning Criteria including effectiveness, efficiency, acceptability, and
completeness identified in ER 1105-2-100 were also qualitatively assessed in plan
formulation

AA series of additional decision metrics were developed to assist in the formulation of the
focused array of alternatives. These additional decision metrics are discussed below
and include project performance, sea level change, adaptive capacity and resiliency,
reliability and fragility, storm surge barrier (SSB) hydraulic effects, operations and
impacts of closures, real estate costs and life safety risk.

The TSP includes:

A Storm surge barriers (SSB) or inlet closures at Manasquan Inlet, Barnegat Inlet, and
Great Egg Harbor Inlet;

A Cross-bay barriers (CBB) or interior bay closures at Absecon Boulevard, and southemn
Ocean City; and

AElevation and floodproofing of 18,800 structures. These nonstructural solutions are
considered for 11% of the study area and are concentrated in the vicinity of the Shark
River Inlet and in southern Ocean County, specifically along the mainland shoreline
south of Beach Haven West and on Long Beach Island. Nonstructural solutions are also
concentrated in northern Atlantic County on the mainland shoreline and on Brigantine,
and in large portions of Cape May County.

NJBB CSRM DRAFT FeasiBILITY REPORT AND ENVIRONMENTAL IMPACT STATEMENT



A Perimeter measures including floodwalls, levees and seawalls which tie SSBs and CBBs
into adjacent higher ground.

The TSP is not the plan that maximizing national economic development (NED) benefits. It was
selected based on a number of decision criteria including net NED benefits, environmental
acceptability, residual risk, life safety risk, long-term performance, and sea level change
adaptability.

The total cost of the TSP is $16.07B with annual Operation, Maintenance, Repair, Replacement
and Rehabilitation (OMRR&R) of $196M (using the Intermediate SLC curve, FY2021 Price Level).
The TSP is expected to provide mean Average Annual Net Benefits (AANB) of $612M with a
Benefit-to-Cost ratio (BCR) of 1.8 and 22% in Residual Damages. The TSP is identified to
reasonably maximize net NED benefits while accounting for project performance, SLC
adaptability, and risk to life safety. A breakdown of the costs both with respect to cost sharing
and overall cost summary are provided in Tables ES-2 and ES-3, respectively. Table ES-3
identifies the Total First Cost which does not include Interest During Construction (IDC) and
variable nonstructural costs and is therefore less than the Total Initial Construction Cost identified
in Table ES-2.

Table ES-2: New Jersey Back Bays costsharing table for the TSP

Federal Cost Non-Federal
Item (65%) Cost (35%) Total Cost
PED $765,354,153
$497,480,199 $267,873,954
LERRD $905,649,607

Construction

Construction Management

Interest During Construction

$588,672,244
$7,940,303,787
$159,186,555

$316,977,363
$4,275,548,193
$85,715,837

$12,215,851,980
$244,902,392
$1,935,777,868

Total Project

$10,443,898,400

$5,623,637,600

$16,067,536,000

Note: PED i Preconstruction, engineering, and design; LERRD = Land, Easements, Rights-Of-Way,

Relocation, and Disposal Areas.

Note: FY2021 Price Level
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Table ES-3: New Jersey Back Bays Study Overall Cost Summary for the TSP

Construction Item Cost
Lands & Damages $905,649,607
Relocations $5,257,276
Fish & Wildlife Mitigation $393,189,103
Breakwaters & Seawalls $5,413,772,034
Levees & Floodwalls $1,022,257,273
Pumping Plant $20,828,848
Floodway Control and Division Structures $252,049,963
Cultural Resources Preservation $97,662,046
Buildings, Grounds, & Utilities $5,010,835,348
Preconstruction Engineering & Design (PED) $765,354,153
Construction Management (E&D, S&A) $244,902,480
Total First Cost $14,131,758,131

Note: FY2021 Price Level.

The TSP considers an SSB closure frequency at the 20% annual exceedance probability (AEP)
water level. This closure frequency, which remains constant over time, allows the forecasted
water level for operation to change over time in response to relative sea level change (RSLC) and
the average number of closure operations per year (0.2) to remain fixed. An additional barrier
closure is expected to occur on an annual basis for maintenance/training. In subsequent phases
on the NJBB CSRM study the cost, benefits, and impacts of closure operations will be evaluated
in greater detail to refine the SSB closure criteria, which is likely to evolve during the feasibility
study, PED, and even during the life of the SSBs.

Eight of the sixteen lakes in the Coastal Lakes Region were evaluated as part of the TSP. These
eight lakes are either: a) ordinary tidewater bodies with direct, open channel tidal connections to
the ocean through Manasquan Inlet or upper Barnegat Bay; or b) lakes that do not have direct
open channel connections to the ocean but have hydraulic connections to the ocean though

topography. These eight lakes include:
3 Sylvan Lake (Bradley Beach/Avon-by-the-Sea)
3 Silver Lake (Belmar)
3 Stockton Lake (Sea Girt/Manasquan)
3 Glimmer Glass (Manasquan)
3 Lake Louise (Pt Pleasant Beach)
3 Little Silver Lake (Pt Pleasant Beach)
3 Lake of the Lilies (Pt Pleasant Beach)
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3 Twilight Lake (Bay Head)

Theremaining eight coastal lakes which are notdirectly connected to tidal inlets and are therefore
not subject to coastal flooding and not included in the TSP include:

Lake Takanassee
Deal Lake

> >

>\

Sunset Lake
Wesley Lake
Fletcher Lake
Lake Como

> > >

A Spring Lake
A Wreck Pond

A possible alternative study approach for these remaining eight coastal lakes is the USACE
Continuing Authorities Programor a General Reevaluation Study for the Sea Brightto Manasquan
Inlet CSRM project. Any of these potential future study paths would require approval from USACE
higher authority, and endorsement from a non-federal sponsor.

Alternative plans to the TSP are also offered in this Draft Integrated Reportbased uponUS ACEG s
consideration of the assessment of comprehensive benefits across four distinct categories:
National Economic Development (NED), Regional Economic Development (RED), Other Social
Effects (OSE), and Environmental Quality (EQ)(USACE, 1983; USACE, 2021). A plan that
maximizes NED benefits (which differs fromthe TSP ) is offered only in the Central Region of the
study area. This differenceis highlighted by the inclusion of a combined nonstructural and
perimeter measures (including floodwalls, levees, and seawalls) rather than a combined
nonstructural and SSB plan (Figure ES-2). A nonstructural only plan is also offered for the entire
study area (Figure ES-3). Alocally preferredplan is a fourth plan type which can be identified in

the future if non-benefit maximizing plan is proposed by a non-Federal entity.

Additional detailed analyses will also be performed prior to final identification of the recommended
plan to assess CSRM opportunities offered by natural and nature-based features (NNBFs), critica
infrastructure risk management, and separable and complementary management measures. The
developmentof acritical infrastructure plan will offer an alternative, focused assessment of CSRM
which potentially could be implemented with a tiered phased, scalable approach. The
identification of complementary management measures, or measures that provide risk
management in the residual floodplains of structural management measures, will help to address
higher frequency flooding events, and provide a uniform level of risk management throughout the
region in question. Provision of complementary management measures, typically nonstructura,
low elevation floodwalls, or NNBFs, will provide a similar level of risk management when
combined with other management measures as offered by the TSP, thus allowing for a more
holistic approach to regionwide flood risk management.
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A managed adaptive approach is also considered for the TSP which would enable an incrementa
implementation schedule over time. This approach identifies eligibility threshold stages over time
to accommodate as sea level change causes more structures in the study area to become
vulnerable and fall below the eligibility threshold stage. This approach also indexes the SSB
closure criteria to certain flood recurrence intervals to identify complementary nonstructural
management measures particularly in the Central Region. This managed adaptive approach
ensures aconstant project performance level with clear closure criteria guidelines and minimizes
coastal storm impacts for both high-frequency and low-frequency events.

Natural and nature-based features assist in the incorporation of natural approaches to develop
regional climate change and sealevel change adaptation planning strategies and solutions in the
NJBB region. Bothlarge scale features such as wetland/marsh island creation, storm surge filters
and horizontal levees as well as smaller stand-alone management measures including living
shorelines, reefs, wetland restoration and submerged aquatic vegetation are being considered.
Ongoing analyses are being conducted to determine if NNBFs help to meet the project objectives
and provide CSRM attributes in relation to costs along several accounts not limited to economic
benefits.

The TSP is based upon detailed analyses but represents a step in the phased, iterative planning
process. Additional more detailed analyses will be performed going forward in the NJBB CSRM
Study which will likely result in revisions to the TSP, possibly before the Agency Decision
Milestone (ADM) Meeting which is currently scheduled for January 2022. At the ADM Meeting,
the Project Delivery Team (PDT) presents a clear and logical formulation and evaluation rationale
that indicates the PDT is making risk-informed decisions and has a clear direction on next steps
to complete the study.

Emphasis is being placed on integrating the findings of the New Jersey Draft Climate Change
Resilience Strategy (New Jersey, 2021) and the NJ Climate Adaptation Alliance Science and
Technical Advisory Panel (STAP) sea level change projection guidance including comparison to
USACE projections. Current analyses indicate that the STAP moderate emissions scenario falls
between the USACE intermediate and high scenarios (Referto Section 6.2.2)Error! Reference s
ource not found.. Asthe TSP was developed using the USACE intermediate scenario curve, all
three USACE SLC scenarios and the STAP SLC scenarios will be considered during future NJBB
CSRM Study phases. Additional analyses will also consider comparison of differences in the
base flood elevation (BFE) height and inundation zone extent and pending revisions to State of
New Jersey regulations.

These continued analyses will help to reduce the uncertainty and risk associated with risk
management solutions.

Environmental Impacts Overview

In accordance with NEPA, a Tier 1 level Environmental Impact Statement (EIS) was performed
to determine the impacts of the selected alternatives and components that comprise the TSP. A
Tier 1 EIS involves technical analysis completed on a broad scale and is therefore an effective
method for identifying existing and future conditions and understanding the comprehensive effects
of the project on the NJBB Region. It provides the groundwork for future project-level
environmental and technical studies. This level of environmental evaluation is consistent with the
level of engineering and economic analyses performed to formulate the TSP. A number of

NJBB CSRM DRAFT FeasiBILITY REPORT AND ENVIRONMENTAL IMPACT STATEMENT



structural alternatives including SSBsand CBBs wer e i dentified as envi

implementation based on the uncertainties of indirectimpacts on aquatic ecosystems, high direct
impacts, potentially extensive compensatory mitigation, and complex regulatory reviews. TSP
componentsthatinclude nonstructural alternatives are considered low risk for most environmental
categories but are potentially high for cultural resources due to the presence of historic structures
or historic districts within areas identified for building retrofits or relocations. Except for current
structural alignments where direct footprint impacts can be assessed on the various habitats
affected, indirectimpacts such as on water quality and aquatic life can only be assessed at this
level with existing physical modeling. Therefore, only general impacts and/or a range of impacts
utilizing existing information have been identified at this stage of the NJBB CSRM feasibility study
and associated NEPA analysis, which will continue into a Tier 2 level during the Preconstruction,
Engineering and Design (PED) phase. Inthe Tier 2 EIS, subsequent refinements in structura
design features, detailed physical and biological modeling, and the practice of avoiding and
minimizing impacts with design refinements and appropriate compensatory mitigation will further
inform the environmental risk level with a goal of reducing the environmental risks to a lower level
than is currently identified.

Findings to date suggest that structural management measures in the TSP have direct impacts
such as loss of wetlands and subtidal aquatic habitats, impacts to historic properties, and
aesthetics/views impairment. Based on estimates of preliminary alignments of structura
elements, floodwalls and levees are expected to have direct impacts particularly on wetlands and
shallow aquatic habitats within the footprint of floodwalls and levees over long linear distances,
which would have regional effects. Storm Surge Barriers and CBBs would also have direct
impacts on aquatic habitats, but comparatively less than that of floodwalls and levees. A
guantification of these direct impacts for SSBs and CBBs is summarized in Table ES-4.

Storm surge barriers and CBBs identified in the TSP could have potential significant indirect
impacts on hydrodynamics such as tidal flow and tidal range, water quality, and shifts in flora and
fauna abundance, distributions, and migrations. Therefore, preliminary analyses utilizing the
Adaptive Hydraulic (AdH) modeling for the open SSB condition was conducted for the TSP and
five other alternatives/variations to understand the potential physical impacts of the SSBs as well
as the sensitivity of the physical impacts to current design choices. The modeling results
demonstrate that the SSBs could cause an increase in velocities in the vicinity of the structures
and that the greater the reduction in cross-sectional area, the greater the increase in velocities.
The velocity patterns and magnitudes at the proposed structure locations are greatly changed, as
expected, butthe impactto velocity magnitudes away fromthe structuresis minimal. The changes
produced by modifying the flow at the inlets is considered to be fairly localized.

The TSP is estimated to have relatively no impact on the tidal prism at the Manasquan River, and
would reduce the mean tidal prism in Barnegat Bay and Great Egg Harbor by 2.5% and 4.8%
respectively. The impacts of the TSP extend beyond the immediate bays at which the closures
are located, with reductions in tidal prism less than 1.6% elsewhere. The impacts to tidal
amplitudes are not evenly distributed throughout the bays with individual reductions in tidal
amplitude ranging from 1.3% to 8.3% through Barnegat Bay and 0.1% to 4.5% in Great Egg
Harbor for the TSP. Additionally, small changes in tidal amplitudes could have more far-reaching
significant cumulative effects along the upper and lower margins of intertidal wetland systems.

Overall, the impact of the SSBs on salinities is small, and the mean salinity is not expected to
vary by more than 2 ppt for any given location and alternative. The variation at specific times may
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be larger but overall, the impact is small. Given the well-mixed nature of the inlets, ocean salinity
is pushed into the back-bay areas and moves easily throughout the area.

Hydrodynamic changes caused by SSBs and CBBs may affect residence times within the affected
estuaries and indirectly effects water quality and egg and larval transport for fisheries/Essential
Fish Habitat. A particle tracking model (PTM) was developed for the NJBB estuaries to compare
baseline conditions to with project conditions (including future with sea level change). For the
TSP, modelresults show only small increases in residence time in the South and Central Regions
by two to five days and decreases in residence time in the North Region by one to two days.
Based on these findings, the PTM suggests minor effects on water quality and fish larval/egg
transport.

Although the AdH results suggest minor to moderate effects on overall hydrodynamics of the
affected bay systems, these potential effects have ahigh level of uncertainty due to the unknown
frequency of gate closures coupled with changes in tidal flooding events related to sea level
change. Further modeling efforts are required to inform the impact assessment associated with
these measures. Therefore, additional modeling for the closed SSB condition will be performed
prior to the development of the final recommended plan for construction authorization.

There will likely be both temporary and permanent visual adverse effects associated with the
construction of structural management measures in the current TSP which may ultimately become
the recommended plan for construction authorization. Construction equipment will be visible at
locations included in the current TSP and possibly the recommended plan for construction
authorization during the construction phase. The SSBs, CBBs, floodwalls, and levees will be
permanent and visible both on land and from the water.

Nonstructural structure elevation may have some temporary adverse direct and indirect effects
related to earth disturbance. Building acquisition and relocation could provide significant
environmental benefits by increasing open space by converting existing privately owned and
buildable properties into natural habitat, although there is a potential for significant adverse
impacts to cultural resources.

Natural and Nature-Based Features are expected to have temporary and minor impacts on
aquatic resources and water quality during their construction, but would have a long-term
beneficial effect on aquatic and some terrestrial habitats and the floraand faunathat inhabitthese
areas.

Cultural resource impacts may include impacts to historic districts and properties that are eligible
for listing in the National Register of Historic Properties as well as to sunken historical vessel
sites. Further study is needed, and these potential impacts will likely be addressed through a
Programmatic Agreement with the New Jersey State Historic Preservation Office.

Because of the direct impacts that TSP structural components will have on aquatic habitats, a
compensatory mitigation plan is being developed that will account for the functional losses of
ecosystem services that these habitats provide. The TSP components would directly affect over
153 acres of aquatic habitats, which includes about 60 acres of subtidal soft-bottom habitats,
about two acres of intertidal mud/sand flats, about nine acres of intertidal sandy beach, and 73
acres of low and high saltmarshes. The remaining 10 acres are adjacent scrub-shrub and other
supratidal wetlands. These estimates are preliminary and will undergo subsequent refinement.
Preliminary mitigation estimates for losses of saltmarshes were determined by using the New
England Marsh Model and the subtidal and intertidal habitat impacts were based on the presence
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of shellfish bed or SAV mapping. Mitigation estimates for these habitats were based on a
replacement of a higher quality habitat such as an SAV bed (subtidal) or a living shoreline
(intertidal). The New York Bight Ecological Model (NYBEM) ecosystem model that considers all
key aspects of the various marine, estuarine, and freshwater aquatic habitats within the affected
area is currently in development and will be applied in subsequent phases to better determine the
functional aspects and effects on habitat suitability and new mitigation estimates will be derived.
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Table ES-4: Preliminary Estimates of Direct Habitat Impacts and Compensatory Mitigation Estimates of the TSP

Subtidal Intertidal Saltmarsh Other Supratidal
wetlands
Est =it Est Est Est Est Est Est
TSP Structural ' Mitigatio ) L ’ P ) o
Losses Losses | Mitigation | Losses | Mitigation | Losses | Mitigation
Alt. Feature n*
(acres) (acres) (acres) (acres) | (acres) (acres) (acres)
(acres)
Manasquan 2.1 17 0 0 0 0 0 0
Inlet SSB ' '
Barnegat Inlet
3E(2) SSB 148 215 0.8 1.1 0 0 0 0
TotalRange 13.6t0 18.6 to
(20% diff.): 203 o7g | 06109| 08013
GEHI SSB 20 16 5.6 4.4
Abseé%”BB"’d' 21 25.2 6.0 6.4 49.7 83 6.7 9.7
4G(8)
SOC CBB 1.6 2.1 0 0 23.5 44.4 2.1 3.6
Total Range 34.1t0 34.6to0
(20% diff.): 51 2 52 2 93t014 | 8.6t012.8| 65t097| 110to 166 7to 1l 10.6t0 16
TOTAL 59.5 66.5 12.4 11.9 3.2 127.4 8.8 13.3
(20% Range) (48t072) | (53t080)| (10to15) | (10to 14.1) (25750 (1116%;0 (7to11) | (11to16)
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Compensatory mitigation estimates for indirect effects have not been fully assessed at this time.
Itis assumed that there could be significant losses of saltmarsh and intertidal habitats over large
areas due to small tidal amplitude changes along, with potential effects onfish larval/egg transport
duetoincreasesin velocity in the vicinity of the SSB and CBB gates. Therefore, the cost estimates
currently include a 5% contingency (based on first construction costs of the TSP feature) for
compensatory mitigation and adaptive management for indirect effects. It is assumed that as
modeling is further advanced (AdH -closed gates scenarios and NYBEM), impact estimates will
become better quantified and compensatory mitigation can be derived based on applying the
available NYBEM ecosystem model. Additionally, subsequent design phases will continually
investigate avoidance and minimization measures that would reduce hydrodynamic changes that
drive these indirect effects.

The TSP identified in this Draft Integrated Report willundergoarigorous evaluation of compliance
with environmental protection statutes and Executive Orders at subsequent phases of the NJBB
CSRM feasibility study and beyond. A detailed examination of impact avoidance and minimization
to better quantify both direct and indirect environmental impacts will also be performed in the
future.

Environmental concerns will be continually addressed during the NJBB CSRM  Study and
subsequent phases inclusive of both Tier 1 and Tier 2 assessments. These environmenta
concerns will also be addressed through coordination and review by the resource agencies,
including the U.S. Environmental Protection Agency, the U.S. Fish and Wildlife Service, the U.S.
Department of Commerce National Oceanic and Atmospheric Administration Fisheries, New
Jersey Department of Environmental Protection, and the New Jersey State Historic Preservation
Office, and other agencies.

Next Steps for the NJBB CSRM Study

Following this Draft Integrated Report, the feasibility phase of the NJBB CSRM study will continue

with development of a Final Feasibility Report and Tier 1 EIS with a recommended plan for

construction authorizationin2023and a Chi ef 6 s. TRiewllcandlude the fedsibily 3
phase. The completion of the Chiefds Report is th
construction of the NJBB CSRM Study. The pre-construction engineering and design (PED)

phase may beginaf t er t he Di vi si on ErFigd ReasibilityGReportandaliers mi t t al
| EIS, PED funds have been appropriated by Congress, and a Design Agreement is executed with

the non-Federal Sponsor. Funding by the Federal Government to support these activities must

meet traditional civil works budgeting criteria. For construction to be initiated, Congress must

authorize the project, a Project Partnership Agreements (PPA) must be executed with the non-

Federal sponsor, and Congress must appropriate construction funds. PED and construction

phases are cost shared 75%/25% and 65%/35% Federal/non-Federal, respectively.

Sequencing of project construction is dependent upon final study findings, congressional project

authorization and appropriation of funds. The non-Federal cost share as discussed above would

also be necessary to commence project design and construction.

The construction of scaled, incrementally implementable and integrated components of the NJBB
recommended plan to manage flooding risk in the region may be massive in scale and will likely
cost several billion dollars. A strategy for implementation of the recommended plan for
construction authorization would consider a sequenced strategy and would be based on ranking
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of certain locations or features, level of design detail and uncertainty regarding conditions for
CSRM benefits, long term sustainability including low, medium, and high projections for future
sealevel change, and construction costs. A three-tiered implementation strategy would consider:

- Tier 11 Critical infrastructure assets risk management;

- Tier 2 7 Nonstructural including the elevation of major evacuation routes, elevation of
structures or low elevation floodwall in ahigh-recurrence floodplain (i.e., 5-year);
and

- Tier 37 SSB construction at individual inlets.

Such a strategy will need to be prepared by team partners in order to identify and make available
construction funds and to communicate the construction priority to stakeholders. It is anticipated
that PPAs could be executed for individual construction components rather than for one large
project addressing the entire study area. Project construction would start no earlier than 2030
and is dependent upon Congressional authorization appropriation and funding from the non-
Federal sponsor.

This document has considered and incorporated comments from the public, stakeholders,
agencies, and NGOsthough a series of workshops and meetings since the study commencement
in 2016. Throughout the study, coordination was maintained with the State of New Jersey as well
as counties and municipalities throughout the study area, academic institutions,
environmental/resource agencies, and other key stakeholders. Continued NJBB CSRM Study
analyses will incorporate Federal, State, local, NGOs and academic datasets and tools as
applicable and will consider ways to coordinate with and leverage other Federal and state coasta
resilience projects. The development of relationships with cooperating agencies was and will
continue to be critical in conducting future analyses.
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New Jersey Back Bays
Coastal Storm Risk Management
Draft Integrated Feasibility Report and
Tier 1 Environmental Impact Statement



1 Modifications Included in This Draft Integrated Report from The Interim
Report (March 2019)

The following analyses have been performed and included in this Draft Integrated Feasibility
Reportand Tier 1 Environmental Impact Statement (Draft Integrated Report) since the Interim
Feasibility Report and Environmental Scoping Document (March 2019):

Arhe Tentatively Selected Plan (TSP) including three storm surge barriers (SSB) at Manasquan
Inlet, Barnegat Inlet, and Great Egg Harbor Inlet; two cross-bay barriers (CBB) at Absecon
Boulevard, and southern Ocean City; and nonstructural solutions including elevation and
floodproofing for 18,800 structures comprising 11% of the study area.

Anlternative plans to the TSP qualitative assessment including NED Plan, nonstructural plan and
critical infrastructure plan given updated guidance including Comprehensive Documentation of
Benefits in Decision Documents Policy Directive (January 2021).

ASeparable and complementary management measure qualitative assessment to identify
measures to support SSB measures given operational closure frequency,

Arnird cycle of iterative plan formulation which considers a higher level of detail including detailed
design, costs, and economic benefits analyses for SSB, CBB, and nonstructural components as
well as updated planning criteria, systems of accounts analyses including consideration of
performance, reliability, life safety and adaptability decision metrics.

sUpdated structure inventory identification and type assignment, revised foundation height
estimates, revised Depreciated Replacement Value estimates, additional depth-percentdamage
functions and content-to-structure value ratios, added non-HEC-FDA NED benefit streams,
improved accuracy for Average Annual Net Benefits (AANB), Benefit Cost Ratio (BCR), and
Residual Risk; provided risk analysis for NED benefits, and qualitatively evaluated study decision
criteriasuch as Reliability, RSLC Adaptability and Life Safety.

3Risk-based perimeter plan design considering multiple floodwall heights, and risk-based SSB
and CBB design considering multiple alignments for multiple inlets including SSB gate
dimensions and adjusted various SSB design quantities and parameters (barrier alignment, sill
elevation, number of gates, and width of navigable gate) to inform hydrodynamic modeling.
Modified auxiliary flow gate (vertical lift gate) widths have been designed to promote additiona
conveyance, and a maritime vessel analysis was completed to provide recommendations for
minimum dimensions of navigable SSB gates.

3Hydrodynamic modeling (AdH) of existing conditions and multiple SSB alternatives to assess
indirect impacts to tidal range, tidal prism, velocities, salinity, and residence time. Revised storm
surge modeling (CSTORM) and stage-frequency curves for baseline and SSB alternatives with
updated model bathymetry. Investigated sensitivity of back-bay water levels to dune overwash
and breaching with storm surge model (CSTORM).

zDraft nonstructural implementation plan.

AGeotechnical subsurface investigations.

APreliminary cultural resource analyses for the TSP.

ANatural and Nature-Based Feature (NNBF) analyses and appendix.



Ancorporation of public, stakeholder and environmental resource agency comments on the
Interim Report (March 2019) and outreach meetings.

AContinued public, stakeholder and environmental resource agency outreach and meetings.

AJpdated Environmental analyses included in this Draft Integrated Report since the Interim
Feasibility Report and Environmental Scoping Document (March 2019) include:

-Draft Tier 1 EIS inclusive of broad-in-scope (less detail) risk-informed environmenta
analyses to assist in alternative evaluation to help identify and evaluate broad impact and
mitigation concerns. Thisdraft Tier 1 EIS establishes standards, constraints, and processes
to be followed in future phases.

-Performance of an impact assessment informed by available modeling, literature, and proof
of concept.

-Environmental Reviews at same level to establish compliance relative to a level of detail
available.

-Environmental direct impact assessment for both PP, SSB and NS components
-One Federal Review (EO 13807) incorporation.

-Tier 1 Level Essential Fish Habitat Evaluation to comply with the Magnuson-Stevens Act,
Biological Assessments for Endangered Species Act, and a Tier 1 Federal Consistency
Review for the Coastal Zone Management Act.

-Environmental modeling process, conceptual models, trajectory of quantitative models, and
preliminary quantitative assessments of habitat quantity (not quality).



2 Introduction*

2.1 Study Approach, Purpose* and Scope

The purpose of the U.S. Army Corps of Engineers (USACE) New Jersey Back Bays (NJBB)
Coastal Storm Risk Management (CSRM) Draft Integrated Feasibility Study and Tier 1
Environmental Impact Statement (Draft Integrated Report) is to implement comprehensive CSRM
strategies to increase resilience and to reduce risk from future storms and compounding impacts
of sea level change (SLC). The objective of the NJBB CSRM Study is to investigate CSRM
problems and identify solutions to reduce damages from coastal flooding that affects population,
critical infrastructure, critical infrastructure, property, and ecosystems.

The Atlantic Coast of New Jersey is fronted by a Federal CSRM program (USACE, 2013).
However, the region currently lacks a comprehensive CSRM program that will protect
communities on the bay side of the barrier islands. As a result, the NJBB region experienced
major impacts and devastation during Hurricane Sandy and subsequent coastal events that
damaged property and disrupted millions of lives owing to the low elevation areas and highly
developed residential and commercial infrastructure along the back bay coastline.

The NJBB is one of nine focus areas identified in the North Atlantic Coast Comprehensive Study
(NACCS), whose goals are to:

a. Provide a risk management framework, consistent with NOAA/USACE Infrastructure
Systems Rebuilding Principles; and

b. Supportresilientcoastal communities and robust, sustainable coastal landscape systems,
considering future sea level and climate change scenarios, to reduce risk to vulnerable
populations, property, ecosystems, and infrastructure.

While the NACCS provides a regional scale analysis, the NJBB CSRM Study has employed
NACCS outcomes and has applied the NACCS CSRM Framework to formulate a more refined
and detailed watershed scale analysis for the region. This analysis includes potential municipal
or community level implementation of opportunities, strategies, and measures to assist
communities in understanding and managing their short-term and long-term coastal risk in a
systems context.

2.2 Study Authorization and Policy Guidance

The study authority for the NJBB CSRM Study was the New Jersey Shore Protection Authority
(1987). The resolutionreads as follows:

Resolutions adopted by the Committee on Public Works and Transportation of the U.S.
House of Representatives and the Committee on Environment and Public Works of the
U.S. Senate in December 1987, and by House resolution adopted by the Committee on
Public Works and Transportation on December 10, 1987 offers specific authority for the
conduct of study along the coast of New Jersey:

"that the Board of Engineers for Rivers and Harbors, created under Section 3 of the Rivers and
Harbors Act, approved June 13, 1902, be, and is hereby requested to review existing reports of
the Chief of Engineers for the entire coast of New Jersey with a view to study, in cooperation with
the State of New Jersey, its political subdivisions and agencies and instrumentalities thereof, the
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changing coastal processes along the coast of New Jersey. Included in this study will be the
development of a physical, environmental, and engineering database on coastal area changes
and processes, including appropriate monitoring, as the basis for actions and programsto prevent
the harmful effects of shoreline erosion and storm damage; and, in cooperation with the
Environmental Protection Agency and other Federal agencies as appropriate, develop
recommendations for actions and solutions needed to preclude further water quality degradation
and coastal pollution from existing and anticipated uses of coastal waters affecting the New
Jersey Coast. Site specific studies for beach erosion control, hurricane protection, and related
purposes should be undertaken in areas identified as having potential for a Federal project, action,
or response”.

As a result of Hurricane Sandy in October 2012, Congress passed Public Law (P.L.) 113-2, (the
Disaster Relief Appropriations Act of 2013) which authorized supplemental appropriations to
Federal agencies for expenses related to the consequences of Hurricane Sandy. Chapter 4 of
P.L. 113-2 identifies actions specific to the USACE, including a comprehensive study to address
the flood risks of vulnerable coastal populations in areas affected by Hurricane Sandy within the
boundaries of the North Atlantic Division of the U.S. Army Corps of Engineers. The NAACS is
the comprehensive study required by P.L. 113-2.

The NACCS identified the NJBB Region as one of nine focus areas in which to comprehensively
identify problems, needs and opportunities including the development of CSRM strategies to
manage risk associated with coastal flooding and sealevel change in areas of need. .

The NJBB CSRM Study aligns with the NACCS goals and purpose to conduct a systems
analysis/plan to better understand and manage coastal risk.

2.3 Non-Federal Sponsor and Study Milestones

The non-Federal sponsor for the study is the New Jersey Department of Environmental Protection
(NJDEP). The original Feasibility Cost Sharing Agreement (FCSA) was signed in April of 2016
established that this study would cost shared 50/50. The total study costs are currently
$18,050,000.

Milestones to completion of the NJBB CSRM Study are provided in Table 1.



Table 1: NJBB CSRM Study Milestones

Milestone

Date

FCSA

11 April 2016

Alternative Milestone Meeting

14 December 2016

Interim Feasibility Report and
Environmental Scoping Document

1 March 2019

Tentatively Selected Plan Milestone 20 January 2020
Draft Integrated Report Release August 2021
Agency Decision Milestone January 2022
Final Feasibility Report November 2022
State and Agency Review February 2023
Chief of Engineers Report April 2023

* ltems in italics have occurred.

2.4 Federal Interest

2.5 Stakeholder Coordination

Coordination with stakeholders is a critical component of the NJBB CSRM Study and the
development of a regional vision for managing coastal storm risk. Table 2 documents the
meetings, workshops, and charrettes that have taken place since the commencement of the study
in April of 2016. Stakeholders include but are not limited to citizens, elected municipal officials,
federal agencies, state agencies, Non-Governmental Organizations (NGOs), local and regiona
planning commissions, and commercial and recreational interests.

The NJBB region is extremely vulnerable to coastal stormevents. Coastal stormrisk management
is a primary mission area of USACE. This Draft Integrated Report identifies a variety of solutions
that have the potential to be economically justified, environmentally acceptable, addressable
through engineering solutions, and consistent with USACE principles.

Table 2: Public and Agency Coordination

Session Date
Southern Counties Planning Workshop 06/17/2016
Northern Counties Planning Workshop 06/21/2016
Public Meeting 12/01/2016
NEPA Public Scoping 02/01/2017




USACE/NJDEP Partnering Meeting 03/06/2018
USACE & NJDEP Outreach Meeting 05/18/2018
USACE & NJDEP Outreach Meeting 05/24/2018
USACE & NJDEP Outreach Meeting 05/31/2018
Interagency Regulatory Resource Meeting (#1) 06/06/2018
USACE & NJDEP Outreach Meeting 06/19/2018
Southern Counties Public Meeting 09/12/2018
Northern Counties Public Meeting 09/13/2018
USACE Outreach Meeting 11/13/218
Interagency Regulatory Resource Meeting (#2) 11/29/2018
Virtual Public Meeting 3/14/2019
USACE Outreach Meeting 3/20/2019
USACE Cooperating Agency Webinar 4/24/2019
Nonstructural Working Group Meeting 5/17/2019
NNBF Workgroup Teleconference 5/21/2019
E?L:/(ijrice)zr&zr:;\:]gmpact Assessment for USACE CSRM 6/6/2019
USACE Cooperating Agency Webinar 6/26/2019
Barnegat Bay Partnership Advisory Committee 7/9/2019
USACE Cooperating Agency Webinar 7/131/2019
USACE Cooperating Agency Webinar 8/28/2019
NNBF Workgroup Teleconference 9/9/2019
Brigantine Community Rating System Users Group 9/12/2019
USACE Cooperating Agency Status Meeting 9/25/2019
Ecological Impact ‘Modeling Preliminary Findings ‘ 11/14/2019
Stakeholder Meeting for USACE CSRM Studies Meeting

Atlantic City Community Rating System Users Group 11/20/2019
USACE Cooperating Agency Webinar 11/27/2019
Coastal Coalition 12/5/2019
Ocean County Community Rating System Users Group 12/19/2019
NJBB OFD Meeting w/ NOAA Fisheries and NAD 12/20/2019
NJBB OFD Meeting w/ USFWS and NAD 12/23/2019




NJBB Strategic Engagement: Interagency Webinar 5/11/2020

NJBB Strategic Engagement: NGO Webinar 5/12/2020
NJBB Strat(_eglc Engagement: Elected Official Webinar 5/18/2020
(North Region)

NJBB Strategic Engagement: Elected Official Webinar 5/19/2020

(South Region)

Detailed discussion of outreach activities of the NJBB CSRM Study can be found in the
Correspondence and Communication Appendix.

2.6 Study Area

The geographic limits of the study area include the footprint of the Federal Emergency
Management Agency (FEMA) 0.2% annual exceedance probability (AEP) (500-year recurrence
interval) flood. This inundation boundary represents the storm surge floodplain associated with
the maximum storm tide levels caused by extreme hurricane scenarios across the region, and
therefore provides a reasonable approximation of the most extreme flooding extent (Figure 1).
Detailed information regarding the with municipalities in the study area can be found in the Plan
Formulation Appendix.

The study area includes the bays and river mouths located landward of the barrier islands and
Atlantic Ocean-facing coastline in the State of New Jersey. The study area covers more than 950
square miles, and 3,500 linear miles of shoreline from Long Branch at the northern study area
boundary to Cape May Point at the southern boundary. It comprises portions of eighty-nine
municipalities and five counties including Monmouth, Ocean, Atlantic, Burlington and Cape May
Counties. The New York-New Jersey Harbor and Tributaries Study (NYNJHATS) Focus Area
addresses coastal risk and vulnerability for coastal areas in the State of New Jersey that lie to the
north of the NJBB CSRM Study area.

The NJBB CSRM Study Areawas subdivided into five regions based on planning considerations
(problems and opportunities), geomorphology and the hydraulic interconnectedness or
independence of water bodies. These regions were used to develop and identify potentia
alternative plans for the study area. The following paragraphs offer a characterization of the
current conditions and physical setting of each of the five regions.



Burlington

Brigantine

Figure 1: NJBB CSRM Study Area



2.6.1 Shark River And Coastal Lakes Region

This region includes two discontinuous segments separated by the Shark River and Coastal

Lakes Region. The Coastal Lakes region is almost entirely urbanized and includes all or portions

of fiftteen municipalities (Figure 2). In the Coastal Lakes region, there are four coastal lakes in

Ocean County and ten coastal lakes in Monmouth County (an additional two coastal lakes in
Monmouth County are in the Shark River and Coastal Lakes Region discussed below). None of

the lakes is presently connected to the Atlantic Ocean via a tidal inlet. However, 19t Century

mapping shows that the lakes at the time were in fact small tidal estuaries, with each inlet
subsequently closed by natural or human actions. Most of the lakes have some form of water

level management that allows high lake levels to be reduced by discharge to the ocean. For
example, Lake Takanassee drains to the Atlantic
a buried culvert that is controlled by a tide gate. Because there are no tidal inlets connected to

these lakes, they are subject to a different type of flood risk and will consequently require an

alternate method of analysis. Potential flood pathways for these lakesinclude fluvial (precipitation)

flooding, ocean wave and storm surge overtopping of the barrier beach, and ocean storm surge
flooding that fAbacks updo from the ocean into the
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Figure 2: Location Map of the Coastal Lakes Region
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The Shark River and Coastal Lakes Region includes the Shark River estuary and all or portions
of seven highly urbanized municipalities in Monmouth County (Figure 3). Sylvan and Silver Lakes
are coastal lakes that are included in the Shark River and Coastal Lakes Region. This region
experienced some of the highest storm surge elevations within the study area during Hurricane
Sandy. The storm flooding problemis principally related to the ability of elevated ocean water
levels to pass through Shark River Inlet and inundate the adjoining land areas. Under ordinary
tidal conditions, this is an isolated hydraulic reach; there is no tidal connection between the Shark
River estuary and the Manasquan Inlet estuary to the south.

Figure 3: Location Map of the Shark River & Coastal Lakes Region

2.6.2 North Region

The North Region of the Study Area extends from Manasquan Inlet and the Manasquan River
Estuary south to Little Egg Harbor Inlet and the Mullica River/Great Bay estuary (Figure 4). This
is the largest region established for the NJBB analyses. It covers 536 square miles and includes
all or portions of 45 municipalities in Ocean, Burlington, and Atlantic Counties.
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Figure 4: Location Map of the North Region

The North Region is characterized by having three inlets i Manasquan, Barnegat, and Little Egg
1 along a 45-mile long segment of the NJ coast. These three inlets are the only connections
between the Atlantic Ocean and the large shallow back bays that include Barnegat Bay,
Manahawkin Bay, Little Egg Harbor, and Great Bay. This contrasts with the much closer average
spacing between inlets in the Central and South regions discussed in subsequent paragraphs.

The shorelines onthe east side of the back bays, along the barrier spit extending fromManasquan
Inlet to Barnegat Inlet and along Long Beach Island, are fully developed. The two exceptionsto
this generalization include the nine mile-long reach occupied by Island Beach State Park and the
three mile-long Holgate Spit at the southwest end of Long Beach Island. Both of these areas are
either State or Federal protected land and are unlikely to ever be developed.

In contrast to the eastern shoreline of the back bays, the western shoreline on the mainland of
New Jersey is much more heterogeneous. This areais characterized by medium density single

family home developments surrounded by back bay wetlands. Ther e ar e numer ous

communities, many of which were developed in the period following World War 11 by bulk heading,
dredging, and filling in what were previously tidal wetlands. One example is Beach Haven West
in Stafford Township, Ocean County. This community has about 50 miles of bulk-headed
residential shoreline and about 5,000 residential structures. In between the finger canal
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communities are more extensive reaches of back bay shoreline with little or no development.
These areas typically consist of intertidal marsh/wetlands

2.6.3 Central Region

The Central Region extends fromLittle Egg Inlet south to Corson Inlet, with an area of 312 square
miles and all or portions of 21 municipalities in Atlantic and Cape May Counties (Figure 5). The
ocean shoreline length of this region is about 27 miles and includes five tidal inlets: Little Egg,
Brigantine, Absecon, Great Egg, and Corson. The relatively shorter distance between inlets
compared to those of the North Region makes the back bays of thisreach susceptible to relatively
higher 1% AEP storm surge elevations.

As in the North Region, the back bay shorelines of the barrier islands are essentially fuly
developed with medium density residential and business infrastructure. However, the western
(mainland) shorelines of the Central Region are significantly less densely developed than those
in the North Region.

Atlantic

‘Ataniic City
Ventnor,City |
Margate City

Ocean City,

Figure 5: Location Map of the Central Region
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2.6.4  South Region

The South Region extends from Corson Inlet south and west around Cape May Point to the west
end of the Cape May Canal, with an area of 146 square miles (Figure 6). All or portions of 16
municipalities are included in the region, all of which are part of Cape May County. There are five
inlets that connect this region to the Atlantic Ocean and Delaware Bay. They include Corson,
Townsends, Hereford, and Cape May Inlets and the western entrance to the Cape May Canal on
Delaware Bay. The South Region is similar to the Central region in that the most extensive and
dense development is along the west (back bay) side of the barrier islands, with relatively less
dense development on the mainland side of the back bays. The 1% AEP storm surge elevations
in the South Region are comparable to those in the Central Region, and larger than those in the
North Region.

Stone Harbor.

Figure 6: Location Map of the South Region

2.7 National Environmental Protection Act Compliance and Report Structure

A tiered NEPA approach is being applied to the environmental review for this study. The National
Environmental Policy Act (NEPA) of 1969 requires federal agencies, including the USACE, to
consider the potential environmental impacts of their proposed actions and any reasonable
alternatives before undertaking a major federal action, as defined by 40 CFR 1508.18 (Figure 7).
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To evaluate potential environmental impacts, USACE has integrated a Draft Environmenta

Impact Statement (EIS) into the Draft Feasibility Report. An EIS is a detailed written statement

required by NEPA to serve as the means of assessing the environmental impact of proposed

agency actions. EISs provide full and fair discussion of significant environmental impacts and

inform decisionmakers and the public of the reasonable alternatives which would avoid or

minimize adverse impacts or enhance the quality of the environment. 40 CFR 1502.1. & .

Because of the large scope, scale and complexity of the affected environment and TSP, this EIS

will be tiered with a subsequent EIS in accordance with 40 CFR 1502.20. NEPA permits agencies

t otierd t heir NEPA documents, which is a process by
reference general discussions contained in an earlier document and concentrate solely on the

issues specifictothe subsequent analysis. Tiering isameans of making the environmental review
process more efficient by allowing partisus to fdel
and to focus on the actual issues suitable for decision at each level of environmental review.0 40(

CFR 1502.20).

Tier 1 of the EIS is a broad-level review, and Tier 2 will consist of subsequent specific detailed
reviews. The broad-level review identifies and evaluates the affected environment, no action
alternative, and environmental impacts of the array of alternatives that can be fully addressed and
resolved, notwithstanding the limited information that exists in this point of the Study. In addition,
it establishes the standards, constraints, and processes to be followed in Tier 2. As proposed
alternatives are developed and refined, incorporating agreater level of detail, the specific detailed
reviews evaluate the remaining issues while incorporating the discussions and findings in Tier 1
of the EIS.

Together, Tier 1 and Tier 2 of the EIS will collectively comprise a complete environmental review
asrequiredbyNEPA. Ti ering the EpBctasebvessigbeatstides ghat s
can focus on project-specific impacts and issues. Two primary drivers for selecting the tiered
NEPA approach is the likelihood that in the time between the end of the feasibility study and the
start of the construction, enough time will have passed to justify reassessing the affected
environment and second, the likelihood that additional design information will warrant additional
assessment, which could include a supplementto the Tiered EIS. The tiered NEPA approach
allows the NJBB Project Delivery Team (PDT) and the interagency team to focus on the decisions
ready for discussion now, allows for additional public participation once as the design progresses,
and allows for the consideration of avoidance, minimization, and mitigation planning using more
up to date information.

One of the advantages of tiering a NEPA analysis is that it allows for discussions of issues once
they are ready for consideration and to focus on the actual issues ripe for decision at each level
of environmental review. The TSP includes several structural measures, nonstructura
management measures, and a preliminary NNBF assessment that provide CSRM benefits for the
NJBB Region. A broad analysis of the full range of the direct and indirect impacts to the human
environment have been identified and described in the Tier 1 EIS using all available information.
However, some of the finer scale discussions on avoidance, minimization, and mitigation for these
measures will not be possible until the designs for these measures are advanced. For example,
preliminary modeling done to predict the changes in tidal velocities that could occur from the SSB
gates and the possible impacts on marine organisms resulting from potential change in velocities
are discussed in the Tier 1 EIS. These predicted changes in tidal velocities inform the
consideration of potential impacts to these species. However, finer scale interactions, like the
potential for the structuresto create eddies and other turbulences, are dependent on more precise
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design details that wonot be available until add
many of the gate structures are in areas that are important for various life stages of numerous

species, small changes in these areas can be impactful to the entire ecosystem. In this example

a tiered NEPA strategy would provide opportunity for both the broad level considerations (Tier 1)

during the feasibility study phase and for the finer scale analysis (Tier 2) during PED.

NJBB TIERED NEPA APPROACH

Supplemental
NEPA (if required)

Construction
Phase

*Sup EIS or EA
*Final Env. Compliance

*Narrower in scope & focus
esign refinements & mitigation planni

Engineering +Site specific Tier 2 EIS
H *Focus on specific issues
and DeSIQn *Add’l. focused modeling/sampling for info.

gaps
*Supplements & builds on Tier 1 EIS
"Env. Compliance achieved for most reviews

Phase

*Broad in Scope (less detail)
*Risk informed
*Alternatives evaluation process oriented
*ID’s and evaluates broad issues concerning impacts and mitigation
*Establishes standards, constraints, and processes to be followed in next phase

*Impact assessment informed by available modeling, literature, and proof of
concept

*Environmental Reviews at same level to establish compliance relative to a level of
detail available

Feasibility Phase - Tier 1 EIS

Figure 7: Feasibility Phasing
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3 Planning Considerations

3.1 Goals

The primary goal of the NJBB CSRM Feasibility Study is to reduce risk to human life and property
through the reduction of storm surge and damage to residential and commercial structures and
i ndustries critical to the nationds economy.

3.2 Problems and Opportunities*
3.21 Problems

The Atlantic Ocean coast of New Jersey is fronted by a system of Federal CSRM projects that
extend from Sea Bright on the north to Cape May Point on the south (USACE, 2013). However,
the NJBB CSRM Study area, which encompasses portions of five counties and includes about
950 square miles of land and water, currently lacks a comprehensive CSRM program. As a resul,
the NJBB region experienced major impacts and devastation during Hurricane Sandy and other
coastal storm events, including extensive inundation from storm surge due to the combination of
low-lying topography, densely populated residential and commercial areas, extensive low-lying
infrastructure, and degraded coastal ecosystems.

The NJBB Region is a dynamic environment that supports densely populated areas with billions
of dollars of largely fixed public, private, and commercial investment. Hurricane Sandy
emphasized our vulnerability to coastal storms and the potential for future, more devastating
events due to rising sea levels and climate change. Rising sea levels represent an inexorable
process causing numerous, significant water resource problems such as: increased, widespread
flooding along the coast; changes in salinity gradients in estuarine areas that impact ecosystems;
increased inundation at high tide; decreased capacity for storm water drainage; and declining
reliability of critical infrastructure services such as transportation, power, and communications.
Addressing these problems requires a paradigm shiftin how we work, live, travel, and play in a
sustainable manner as a large extent of the area is at a very high risk of coastal storm damage
as we move into the future of changing sealevels.

Individual system-wide problem statements are grouped within three categories to be carried
forward to inform the plan formulation process, and include:

Coastal Storm Risk Management:

Inundation: The NJBB CSRM Study area currently lacks a comprehensive CSRM program
to protect against inundation (economic disruption to residential and infrastructure & life and
safety risks).

SLC/Climate Change: The study area that is currently at risk will likely see an increase in
future damages with the potential for sealevel change in the FWOP condition.

Erosion: The study area experiences disruption of shoreline from wave attack, wind forces
and other elements.

Municipal Jurisdiction Disconnect: The study area lacks a comprehensive, multi-
jurisdictional, multi-agency effort that can integrate storm risk management efforts in away
that crosscuts Federal/State/Local business lines, study authorities and agency missions.
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Environment:

Degraded Ecosystems: The study areab6és coast al ecosyster
ecosystem services (provisioning, regulating, supporting and cultural).

Economy and Infrastructure:

High-Frequency Flooding: The study areaexperiences high-frequency flooding, also known
as nuisance flooding, recurrent flooding, or sunny-day flooding, caused by tides and/or
minor storm surge that mostly affects low-lying and exposed assets or infrastructure, such
as roads, public storm-, waste- and fresh-water systems and is likely more disruptive (a
nuisance) than damaging. However, the cumulative effects of high-frequency flooding may
be a serious problemto residents who live and work in these low-lying areas.

Municipal Storm water Infrastructure: The study area experiences flooding from rainfall and
inadequate municipal storm water infrastructure that mostly affects low-lying and exposed
assets orinfrastructure,such asroads, public storm-, wastewater- and fresh-water systems.

Floods have been and continue to be the most frequent, destructive, and costly natural hazard
facing the State of New Jersey (New Jersey, 2011). The study areais vulnerable to damage from
storm surge, wave attack, erosion, and rainfall-storm water runoff events that cause riverine
and/or inland flooding. The State of New Jersey, in the state hazard mitigation plan, has
documented the numerous, historic instances of flooding, Presidential disaster declarations, and
damage estimates. Historic sealevelchange has exacerbated the problemover the past century,
and the potential for accelerated sea level change in the future will only increase the mag nitude
and frequency of the problem. These forces constitute a threat to human life and increase the
risk of flood damages to public and private property and infrastructure.

The shorelines of most of New Jerseyobds back bays
developed with residential and commercial infrastructure and are subject to tidal flooding during
storms. Public and private property at risk involves densely populated sections of the barrier
island back bay coastline and also mainland portions of the areas bordering the bays and tidal
tributaries of the study area. It includes private residences, businesses, schools, infrastructure,
roads, and evacuation routes for coastal emergencies. Additionally, the NJBB CSRM Study area
includes undeveloped areas that provide ecological, fishery, and recreational benefits. Healthy
marshes in the back bay areas have the potential to reduce coastal flooding and storm surge.
These areas are subject to erosion, loss, and alteration due to coastal storms. Back bay dune,
beach, marsh, and estuarine ecosystems are quite fragile in some locations and are threatened
by sea level change. Inundation of sites identified through the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), otherwise referred to as Superfund sites,
or other hazardous waste sites may also severely impact water quality.

Based on recorded history, the National Flood Insurance Program (NFIP) records, and analysis
of engineering data about flood plains it is clear that New Jersey is one of the more flood -prone
States in the nation. The NOAA National Climatic Data Center (NCDC) database reported 1169
flood events just since 1996 (NOAA NCDC, 2011). According to NFIP statistics, flood claims
payouts have totaled more than $5.3 billion since the beginning of the NFIP program in 1978
through July 2013. Out of that, nearly $2.9 billion was paid for flood damages to the coastal
counties of Monmouth, Ocean, Atlantic and Cape May from Hurricane Sandy damages alone.

Ne w Jer s-igg@aastline sivetching fromRaritan Bay in the north, along the Atlantic Coast
to Delaware Bay is highly susceptible to coastal flooding. This region has experienced frequent
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coastal flooding events over the years, causing extensive beach erosion, marsh loss, damage to

dunes and other coastal flood risk management structures. Recent events in the coastal region
include floods associated with Tropical Storm | dée
2009, a severe stormin April 2010, Hurricane Irene in August 2011 and more recently Hurricane

Sandy in October 2012. Since Hurricane Sandy, there have been additional severe coastal storm

events, including Hurricane Joaquin in September-October 2015, and extra-tropical cyclone

(nor'easter) Jonas in January 2016. Both of these events caused significant oceanfront erosion

and back bay flooding.

A more detailed analysis of problems and opportunities for the NJBB CSRM Study area on a
regional basis is provided in the Plan Formulation Appendix.

3.2.2  Opportunities
Opportunities associated with the NJBB CSRM Study include the following:

a. Develop a CSRM system that reduces coastal flood inundation damages as well as wave
and erosion damages.

b. Develop a CSRM system that mitigates the effects of sealevel change.

c. Develop a CSRM system that assists in managing flooding risk from localized tidal
flooding.

d. Integrate storm risk management efforts into the NJBB CSRM Agency Coordination and
Collaboration Plan to foster partnerships and collaborative goals.

e. Apply adaptive and sustainable solutions through a quantified review of measures and
alternatives with partners and stakeholders to promote economic community resilience.

f. Assist and advance local efforts and resources through discussion and qualitative review
of measures and alternatives designed to improve forecasting.

g. ldentify complementary management measures to address high-frequency flooding and
inadequate storm water systems that may be recommended as part of a comprehensive
Federal project or recommended for implementation at the local non-federal level

3.3 Objectives

The objective of the New Jersey Back Bay CSRM Feasibility Study is to investigate CSRM
problems and develop solutions to reduce damages from coastal flooding affecting population,
critical infrastructure, critical infrastructure, property, and ecosystems. The study principles are
based upon the authority for the NJBB CSRM Study (Resolutions adopted by U.S. House of
Representatives and U.S. Senate Committees in December 1987) which are broad in scope and
application, and support NACCS outcomes.

Specific objectives for the Study are to:

a. Reduce economic damages from coastal storm surge and inundation through CSRM risk
management within the NJBB CSRM Study area between 2030 and 2080.
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b. Reduceriskto human life and life safety fromcoastal flooding and storms as well as other
social effectsincluding community cohesion and prevent post-storm displacement.

c. Reduce the risk of inundation and effects on economic damages and future development
owing to SLC through formulation analyses.

d. Support and advocate flood forecasting and evacuation plans and technology.

3.4 Constraints

Coastal communities face tough choices as they adapt local land use patterns while striving to
preserve community cohesiveness and economic vitality. In some cases, this may mean that,
just as ecosystems migrate and change functions, human systems may have to relocate in a
responsible manner to sustain their economic viability and social resilience. Absent
improvements to our current planning and development patterns that account for future
conditions, the next devastating storm event will result in similar or worse impacts.

Planning constraints associated with the NJBB CSRM Feasibility Study include a) resource; b)
universal and c) study-specific constraints.

Two distinctly different categories of planning constraints can be identified. First, there are
Resource Constraints in the planning process. These include limits to our knowledge, expertise,
experience, ability, data, information, money, and time. These constraints limit the scope of a
study in significantways. A second category of planning constraints can be divided into Universa
Constraints and Study-Specific Constraints. Universal Constraints are the legal and policy
constraints that need to be included in every planning study. They may vary from study type to
studytype, but for a given type of study, there are some predictable constraints or considerations.

The Corps6é guidance, regul ati ons, policies,

Others are defined by the laws and regulations of the federal government and the applicable laws
and regulations of the State and local governments. Study-Specific Constraints are statements
of things unique to a specific planning study that alternative plans should avoid.

a. Resource Constraints:

1. Avoid non-sustainable solutions that cannot be maintained, whether due to expense or
complicated technologies, by the non-Federal sponsor.

2. Difficulty in funding long-term operation and maintenance costs.
b.  Universal Constraints:

1. Comply with all Federal laws and executive orders, such as the National Environmental
Policy Act (NEPA), the Clean Water Act, the Endangered Species Act, and Executive
Order 11988.

2. Mutual acceptance must be developed between the Secretary of the Army and the
Secretary of the Interior, if the plan lies within jurisdictional boundaries of the National
Park Service or U.S. Fish and Wildlife Service.

3. Acquisition of real estate and easements.

4. Avoid additional degradation of water quality, which would put additional stress on
aguatic ecosystems.
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5. Avoid impacting or exacerbating existing hazardous, toxic, and radioactive wastes
(HTRW) that have been identified within the project area.

6. Minimize the impact to authorized navigation projects.
Minimize effects on cultural resources and historic structures, sites, and features.
c.  Study-Specific Constraints:
1. Consider local land use plans and regulations in developing the Federal plan.

2. Many of the beaches within the study area are recognized as a recreational resource
and it is important that this resource be maintained.

3. Some areas within this study area are highly developed, and the density of population
may limit the amount of space available for staging and constructing a project.

4. Minimize the impact to other projects and areas where risk has been managed, such as
sensitive wetlands, wildlife management areas, etc.

An additional consideration is to avoid increasing the flood risk to surrounding communities and
facilities given CSRM management measures development in the study area.

3.5 Period of Analysis

The period of analysis for comparison of the preliminary focused array of alternative plans is the
50-year period from 2030 to 2080. Project implementation in a phased, scalable format is
assumed to begin in the year 2030 and continue for five years to 2035. The economic base year
is 2030 and is considered the year the alternatives have been implemented and project benefits
will commence to accrue sequentially as different parts of the plans achieve implementation.
Alternative plan performance has been evaluated as part of the NJBB CSRM Study through the
calculation of economic future damages, engineering, and environmental performance for the
2030-2080 fifty-year period according to USACE policy (USACE, 2000). Coastal sustainability
associated with sea level change (USACE, 2014; USACE, 2013) will be evaluated for the 100-
year period from 2030-2130 for all of the alternative plans in the preliminary focused array.

3.6 Critical Assumptions

The PDT made certain assumptions and generalizations while performing the study and
developing this Draft Integrated Report. These decisions affected the decision-making process.
As aresult, the alternative plans presented in the Draft Integrated Report were formulated with a
lower level of detail than will be considered forlater in the Study. Critical assumptions fromsevera
disciplines were communicated with interested groups and decision makers through the use of a
risk register and at a series of stakeholder and public meetings.

Some of these critical assumptions are summarized below:

3.6.1 Economics

The Hydrologic Engineering Center6é $-lood Damage Reduction Analysis (HEC-FDA)
software model was used to perform economic modeling for the study area. While HEC-
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FDAis an USACE approved economic model, HEC-FDA s typically applied in riverine flood-
prone areas. Also, a reduced sample size is used to inform certain critical variables such
as foundation height (for use in First Floor Elevation calculation) and Depreciated
Replacement Value adjustment (Marshall & Swift Residential Estimator software) across
the entire inventory within the study area.

3.6.2  Engineering

The level of detail on conceptual engineering analyses, calculations, designs, and costs is
limited at this pointinthe study. Thus, parametric estimates for some costs have been used,
resulting in high contingency. This lower level of detail is partially a result of the fact that
geotechnical and geo-environmental analyses and utility siting/location info are based on
existing data in the study area. A preliminary geotechnical subsurface investigation was
performed in 2019 but was not incorporated into this Draft Integrated Report. This 2019
subsurface investigation as well as future subsurface investigations will be integrated to the
NJBB CSRM Study to develop higher level of design during subsequent study and PED
phases of the project.

3.6.3 Environmental

The quantification of some environmental impacts associated with SSBs and associated
mitigation has not been performed since notall hydrodynamic environmental circulation and
water quality modeling has not been completed at this point in the study. Due to the
insufficient detail and preliminary nature of the alternative plans presented in this report,
environmental resource agency concurrence and NEPA compliance document
development will occur later in the study or during PED. Cultural Resources Section 106
surveys will be conducted later in the study or during PED. Table 3 provides a more
comprehensive list of some of the important decisions along with a qualitative assessment
of the risks and consequences associated with those decisions.
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Table 3: Critical Assumptions

NEW JERSEY BACK BAYS REVISED DRAFT INTERIM REPORT CRITICAL ASSUMPTIONS TABLE

Risk Register 1D Number

Scoping Chaice or Event

k

Consequence

Geotechnical
Engineering

Lirniter] geotechical stmrfae
rrvesstigalion or B chata Fuves brsen
callecied during e siudy i support
siuchrd fsires.

Lirnited siter spmcific: ot fo essibality e of s and golech il
engneesing analysis of polerial TSP fesiures.

1. Gonservative assumptions must be used that will drive up cost sstimates and
assaciated contingancy of patantial projact fasturae, 2, Existing data may not ba
sufficient o support an acceptable EIS and proper regulatery compliance. 3
PED schedule could be significantly impacted as final designs can't be
complsted until data collection and analyses ars complata. 4. Even with
consorvative assumptions, actual canstruction costs could be significantly
higher fer sara projact features due to the varied and complex gaolagie
conditions of the New Jersey cosstal environment.

Structural
Engineering

Leval of detail on canceptual
angineering analyses,
calculations, and dasigns.
Estimated laber costs may not
be cemprehensive enaugh to
cover the field of enginasring
practices for the structural
analyses and designs.

Typizal structural enginasring analyses. saleulations.
and degigne Tar the projact structural leaturas are
performed based on assumpticns of limited data

collaction. Typical designs are provided for the differant

project featuras. | ing the laval of ass B

inGroases the risk af unsuitable designs for the differont
projert foatures, which alsa intreases the risk of
redesigning and requiring addiional Tunds, May need
mere engineers andior resources 1o participate in the
project.

1. Improper analysis of the proposed prajest featurss dus to the uncertainty
related to a low volume of data andior assumplions made could result in
unrealistic designe, redesigning the structures may be necessary. 2. Estimated
labor costs may not be sufficient for analyses and designs of the project
featurss, Designed Featurss may not be practical or could not be canstructed
as propased. Polential for inadequats dosign, fastors of safety, and strustural
stability dua to insufficiont data. Potential far iterative redesign of alemants dus
to uncertainty ef constructability, which could increase in costs as a result
Labor costs can increase, TSP plan may not be practical or could not be
constructed as proposed.

Civil Engineering

Civil'Sits final feasibility design
Level of detail not adequats far
environmental resource
agencies,

Final design fram study is not acceptabls to
shvironmental Fesou e agensics duc to lack of design
detail.

EIS report is deamed inadequate and nat accoptable. Study defayed and nat
ehough funds of time te properly attain acceptable design level of detall,

Civil Engineering

Condiion and ability af existing
CSRM structure & o reducs
flsading and be incarporsted
into plan

Existing bulkhaads and other existing CSRM structuras
in poor o failing candition and nat able to adequately
function or be incorparated inta project features.
Assumptions made about candition of exising structures

is not field verified ar analyzed.

Inaceurate projoct costs duc to assumptions about existing CSRM structures
being wrang. Possible wrang TSP selected due to inaccurate BCR. Increased P
E & D costs and final project construction costs.

Cost Engineering

Design devslopment stags:
preliminary

Inzomplete technical data

Higher construction cost dus to increased contingandies on the order of 50:% or
highsr. The increased contingenciss ars the result of lack of
adequatefincamplete/conservative technical data and analyses. This will impact
costbonatit caloulations and net benefits,

Geo-Environmental
Engineering

Defar new gea-envirenmental
exploration/testing and HTRYY
investigations ta PED phase.
OR &liminate HTRW
investigations entirely from
sludy.

Using existing infarmation for feasibility study could lead
to contaminated material being found during PED and
incomplets information about subsurface conditions.

Additional constructien cest and time. Additional design time.
Unknown chemizal ics of the sail, sadi and gr for
dizposal costs. Consarvative volume and cost estimates would bs ussd,
resulting in potentially sroneous project estimates.

H&H/Coastal
Engineering

HE&H Modeling Needs for
Impacts from propased S&8s

Sevaral hydraulic modals will be needed to consider
significant number of environmental impact risks,
These madels can be costly and time consuming. With
these madels, the study cost and time increasas.

Because these models are included, the study cost and length is higher. Its
possible that even asditional time ar meney eould be required If the analysie
turns out to take longer than expected.

H&HICoastal
Engineering

Level of affort for the coastal
lakes portion of the study arsa

Excopt far the coastal lakes that are hydraulically
cannected to Barnegat Bay or Shark River, the cossal
Iakes srea requires very different analysis such as
interior drainags and storm sewsr utility svaluation.
These analyses will take more extensive time and cost.
No edensive analysis will be complated and anly
recommendations for future work will be addressed for
the coastal lakes that are not hydraulics lly cannected 1o
Barnegat Bay or Shark River.

©nly recommendations for future work will be addressed in this study. Sponsar
and Staksholdsrs may desired actionable designsiprojects as a study outcoms.

H&H/Coastal
Engineering

Evaluats navigation impacts at
inlsts whers storm surgs
barficrs are propased using a
desktop analysis anly.

Par ER 1110-2-1403, hydraulic design studies that
affect navigation channsls raquirs ERDG's Ship/Tow
Simulation Analysis. This detafled analysis requires

signifizant time and cost

Navigation impacts that affect the design of federal inlats may not properly be
i ed during feasibility

Plan Formulation

Full range of flood risk
management measures o be
cansidered which include
nature based solutions,
enginsaring solutions and non-
structural to be aligned with
NACCS autharity and guidance

Consideratian of non-structural, natural and nature
based features, and policy!programmatic salutions may
fot be consistent with WT difection, and may not pravida

B risk a3 of tradit
structural solutions and may increase costs without
increasing benafits but exclusion may maka project

incansistent with NACCS

Inclusien may impact justification, exclusion may make study inconsistent with
the goals of NACCS. reduce sponsor interest

Plan Formulation

Plan Formulation - Altarmatives

Rizk

Scope of plan formulation will vary based on the
appropriats axtent of the altsrnatives evaluatsd

Low risk scanarios for planning aitematives will add time and costs to the study
by evaluating & altematives, while high risk scanarios will require aggressiva
screening and only evaluate 4 regional aliematives. Formulation, and removal
of alternatives that may be viable options for implementation will present starm
damage fisks and cvaluation of tee many alternatives will croate additianal
2tudy and costs risks

Economics

Economics Database

Tha Economics database will be large and axisting
databasas will nead to ba supplementad with new
surveys'databases

Bsnsfits Calculations

Economics

Use of models for evaluation of
benafits

There are 3 modeals far use Ih the evaluatien of benefits
for the study, use of certain madels in certain
envirenments is mora appropriats than othars and
limiting the use of models chaice could impact benefits

A decision to limit the use of a model to decrease study time and coste would
hinder praject appraval if the madel is not approved far that envirenment type.
the model uss could have negative impacts on AAD, AAC, BGR, NED

Economics

Sampling % for structure

There are over 160,000 structures in the MJBE study
area, survaying all for first floor elavations would be
difficult in the study timeframe regardiess of schedule,
far this reason sarnpling will be used for eritical
economic data

Decreasing the sample size to raduce study costs could result in analytical
errors in beneft caleulations, rger study samples could Improve accuracy of
the methods used far first floor elevations, depreciated raplacement costs

Data

NFIF alevation cemtificates have
Been Used 1o collect data on
first floor elavations throughout
the study arsa but may not be
of great enough guantity to ba
the baczis far FFE estiimation

NFIP glevation certificates are only requined on hames
that are newly eonstructad or have significant
ranovations. Therafore, the data from MFIP elevation
certificates may be biased towards structuras that are at
higher clevations.

If the structure inventary is biased towards a higher elevation it could result in
the underestimation of damages, which may rasult in more costly alternatives
being inapprapriately screenad aut of considaration

Environmental

Alower level of design will
potentially be used for the
Environmental Scoping
Docurnent (ESD)/draft Feas.
Roport that is roloased for
public and agency raview.

Inadequste preliminary ESD or having to do a
supplemental NEPA document in PED. Not getting
resource agency buy in and subsequent approvals due
to insufficiont detail and infermatian in NEPA docurmnant.

Need for supplemental NEPA dacument. Increase in budget and delay in
schedule. Picking the wrong selected plan. \Worst casa scenarios may
praclude salaction of a viable plan
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4 Existing Conditions

4.1 Introduction

Existing conditions are characterized and documented in this section and serve as the basis for
the problem identification and plan formulation including the development of the FWOP condition.
Gathering information about existing conditions across the study area will assist in identifying the
vulnerabilities to coastal storm damage. This process helps to identify coastal risk management
and resilience opportunities.

The existing conditions are the conditions at the time the study is conducted (Para. 2-3(5)b of the
1105-2-100, USACE Planning Guidance Notebook) and considers the impacts of coastal storms
including Hurricane Sandy and include government agency and NGO responses since Hurricane
Sandy. This existing condition analysis includes consideration of the general and physical setting
including coastal processes, and a characterization of economic, environmental, and cultura
resources conditions.

The existing conditions for the State of New Jersey are summarized by the fact that while coastd
storm risk is managed along the Atlantic Ocean coast by a humber of Federal CSRM projects,
the back bay and Delaware Bay coasts are not well protected due to the limited number of CSRM
projects.

This Section discusses the existing conditions for the New Jersey Back Bay study area with
respect to shoreline types, environmental conditions, economic conditions, and cultura
resources.

4.2 General Setting

Barrier islands, barriers spits, and headland beaches make up the eastern side of the study area.
These features face the brunt of the ocean forces including waves, currents, swells, winds, tides,
and storms and reduce the impacts to the bays and mainland coastlines landward of the islands.
The maximum topographic elevations along the ocean coastline vary from approximately +10 to
+22 ft. NAVDS88 in areas where Federal CSRM projects exist. Only afew areas along the ocean
coast are not currently covered by a Federal shore protection project: The Gateway National
Recreation Area, the Edwin B. Forsythe National Wildlife Refuge and Island Beach State Park,
and Hereford Inlet to Cape May Inlet. While some of the topography in these undeveloped,
preserved areas is higher with natural dunes, generally the elevations are lower with no
continuous line of higher elevations to limit overtopping and erosion.

The back bays behind the barrier islands collect sediments fromrivers and streams that drain
fromthe mainland creating significant areas of shallow tidal marshes. In addition, there are areas
of open water that vary in extent. Average depthsin the bays behind the barrier islands vary from
3 to 6 ft. with some deeper areas up to 35 ft. near inlets. These depths represent areas outside
the New Jersey Intracoastal Waterway (NJIWW), which is dredged for navigation to maintain a
depth of 6 ft. in most of the channel, but upto 10to 12 ft. deep in some locations (USACE, 2016b).

In the northern part of the NJBB CSRM Study area, fromthe coastal lakes south to Manasquan
Inlet, there are no barrier islands; beaches in this segment of shoreline are either headland
beaches or barrier spits and are directly impacted by the ocean forces. Maximum topographic
elevations along this segment of ocean shoreline range from about +10 to as much as +25 ft.
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relative to the North American Vertical Datum of 1988 (NAVD 88). In this area, there are small,
non-tidal lakes that drain through outfalls to the ocean. The coastal lakes are shallow, with
maximum depths generally not exceeding 10 ft. under normal conditions.

4.3 Existing Studies and Projects

Coastal storm risk is managed along the Atlantic Ocean coast of New Jersey by a number of
Federal CSRM projects (Figure 8). However,the NJBB CSRM Study area is presently exposed
to significant coastal/tidal flood risk on the bay side, due to the non-comprehensive nature of other
CSRM projects, as shown in Figure 9.

The NJBB CSRM Study area includes five authorized Federal navigation projects at inlets, which
connect the Atlantic Ocean to the back bays. From north to south the inlets (and their respective
entrance channel dimensions (channel width and authorized navigation depth, in ft.) are: Shark
River Inlet (100 x 12), Manasquan Inlet (250 x 14), Barnegat Inlet (300 x 10), Absecon Inlet (400
x 20), and Cold Spring (Cape May) Inlet (400 x 25). There is also the NJIWW, which is an
authorized Federal navigation project with depths maintained at 6 to 12 ft. depending on location.
The northern entrance to the NJIWW is at Manasquan Inlet. The NJIWW transits generally
southward through the back bays of the study area until it enters Cape May Harbor, and then
westward across the Cape May peninsulathrough the Cape May Canal. The western terminus
of the Cape May Canal on Delaware Bay is also the southwest end of the NJIWW.

A more detailed discussion of existing CSRM Studies, reports, actions, and programs can be
found in the Plan Formulation Appendix.
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Legend

Study Area Boundary
Shark River Inlet

NJ Intracoastal Waterway

Federal Inlets
Manasquan Inlet
Federal CSRM Projects e

Barnegat Inlet

Absecon Inlet

Cape
May
Canal

Cape May Inlet

5 10 20 Mile

Figure 8: Constructed NJ Intracoastal Waterway, Inlet Navigation and Oceanfront CSRM Projects in the NJBB CSRM
Study Area
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Figure 9: NJBB State, US Department of Interior (DOI), and USACE Projects
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4.4 Shoreline Types

Shoreline types within the NJBB CSRM Study area were initially mapped using the NOAA
Environmental Sensitivity Index Shoreline Classification (NOAA, undated), which was compiled
in the NACCS. This data set includes ten broad shoreline types existing within the entire NACCS
study area, from New Hampshire to Virginia. They include rocky shorelines (exposed), rocky
shorelines (sheltered), beaches (exposed), manmade structures (exposed), manmade structures
(sheltered), scarps (exposed), scarps (sheltered), vegetated high banks (sheltered), vegetated
low banks (sheltered), and wetlands/marshes/swamps (sheltered). Each of the shoreline types
responds differently to coastal storms, sea level change and adaptive management; therefore,
these are important considerations in identifying CSRM management measures.

The most spatially comprehensive and detailed mapping and classification of shoreline types
directly applicable to the NJBB CSRM Study area was created by the NJDEP. This data set was
subsequently used to map shoreline types in the NJBB CSRM Study Area. The original state-
wide dataset was clipped to include only the area within the NJBB CSRM Study area. The total
mapped shoreline length within the study area is 3,446 miles and includes 68 classes of
shorelines. The 68 classes of shoreline were divided into two broad groups: undeveloped
shorelines and developed shorelines, which include 2,729 and 717 miles of shoreline,
respectively. The resulting datais summarized in Table 4 and displayed in Figure 10.

Table 4: NJDEP 2012 Shoreline Mapping

Undeveloped Miles % of | % of Developed Shoreline Miles % of | % of
Shoreline (UDS) UDS | Total (DS) DS Total
Saline Marsh 2,521 92 73 Residential 517 72 15
Freshwater Wetlands | 80 3 2 Business/Comm. 34 5 1
Forest 32 1 1
Phragmites 80 3 2 Misc. (beach,
recreational, lagoon 166 23 5
Old Field / Agra. 7 <1 <1 entrances, etc.)
Misc. 9 <1 <1
TOTAL UDS 2,729 | 100 79 TOTAL DS 717 100 21
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New Jersey Back Bays Study

Developed vs Undeveloped Shoreline

Figure 10: Developed vs. Undeveloped Shoreline
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It is important to note that t henyddddefnotpmvtida
additional details such as whether the shoreline in the residential class is bulk headed, for
example. Itis evident when viewing the datain GIS applications that the majority of the shoreline
in the residential class (which includes seven sub-classes) is bulk headed, but there are
exceptions to this generalization. Likewise, recreational class (within the Misc. group under,
Developed Shoreline), totals 62 miles of NJBB shoreline and is a subjective mix of marinas/docks,
open park space, etc.

4.5 Exposure and Impact Analyses

The geographic limits of the NJBB CSRM Study area were established to include the footprint of
the FEMA 0.2% Annual Exceedance Probability (AEP) floodplain. Inaddition, the FEMA 1% AEP
floodplain limits were superimposed on the 0.2% AEP floodplain. The FEMA 0.2% and 1% AEP
floodplain are regulated by FEMA and the National Flood Insurance Program manages flood
insurance using this recurrence probability. Both the 0.2% floodplain (dark blue) and the FEMA
1% AEP floodplain (turquoise) are shown on Figure 11 within the NJBB CSRM Study area.

The NACCS developed a Tier 1 exposure assessment for the entire NAD region to best
characterize exposure. Although a many factors or criteria can be used to identify exposure, the
NACCS focused on the following categories and criteria:

a. Population Density and Infrastructure: Population density identifies the number of persons per
unit area of the study area; infrastructure includes critical infrastructure that supports the
population and communities. These factors were combined to reflect overall exposure of the
built environment.

b. Social Vulnerability: Social vulnerability includes certain segments of the population that may
have more difficulty preparing for and responding to coastal flood events.

c. Environmental and Cultural Resources: The environmental and cultural resources exposure
captures important habitat and cultural resources that would be affected by storm surge,
winds, and erosion.

Using data developed during the NACCS, a composite exposure index was created that
integrates population and infrastructure, social vulnerability, and environmental indices (Figure
12). This index identifies areas of high exposure as indicated by the red colors. In summary,
most of the NJBB CSRM Study area is indicated as having high composite exposure. Additiona
details of the NJBB exposure and vulnerability assessment for additional inundation scenarios to
best assess vulnerability to critical infrastructure can be found in the Plan Formulation Appendix.
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Figure 11: NJBB CSRM Study Area, FEMA 0.2% AEP and 1% AEP Flood Plain
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Figure 12: NJBB CSRM Study Area, Composite Exposure Index for the 0.2% AEP Flood Plain
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Table 5 presents the top ten municipalities in the NJBB CSRM Study area for several categories
of exposure indicators within the footprint of the 0.2% AEP floodplain: population; percentage of
municipal population; number of residential structures; and percentage of municipal structures.
The light blue highlighting indicates municipalities located within the northern three counties of
the NJBB CSRM Study area, and the light orange indicates those municipalities within the
southern two counties.

Table 5: Municipalities Affected Within 0.2% AEP Floodplain

Top 10 Top 10
'I_'o_p 1.9 . 'I_'o_p 1.0. Municipalities - | Residential | Municipalities,
Municipalities - | Population | Municipalities - 0
Ranked by Within 500- | Ranked by % of Ranked by structures | Ranked by % of
. . Residential Within 500- Residential
PEPUIETETT yr POPUIETTET Structures yr Structures
G S0ERE el | i SE0-r Within 500-yr | Floodplain | Within 500-yr
Floodplain Floodplain . :
Floodplain Floodplain
Brick 51,961 Belmar Brick 23,339 Belmar
Dover (Toms Point Pleasant Dover (Toms Point Pleasant
River Twp.) 36,116 Beach River Twp.) 19,084 Beach
Atlantic City 34,328 | Avon-by-the- Atlantic City 14,887 | Avon-by-the-
Sea Sea
Lacey 17,612 West Cape May Ocean City 13,604 West Cape May
Point Pleasant 17,606 Loch Arbour Little Edg 9,033 Loch Arbour
Harbor
I Egg 17,251 Hammonton Berkeley 8,842 Hammonton
Harbor
Berkeley 16,566 Bradley Beach Brigantine 8,028 Bradley Beach
Asbury Park 13,818 Wildwood Crest Point Pleasant 7,883 Wildwood Crest
Egg Harbor 13,168 Seaside Heights Lacey 7,617 Seaside Heights
Middle 13,028 Point Pleasant Asbury Park 7,138 Point Pleasant

Population included in top 10:
231,454 (50% of total)

All 99 to 100 %
impacted

Structures included in top 10:
119,455 (42% of total)

All 99 to 100 %
impacted

Color coding of municipalities

North = Monmouth, Ocean, & Burlington Counties

South = Atlantic & Cape May Counties
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4.6 Economics

The structure inventory indicates that there are approximately 182,930 structures within the NJBB
CSRM Study area. The structure inventory was created using a combination of the New Jersey
MOD-IV Tax Lists and NJDEP-collected Building Footprint polygons for each of the five counties
within the study area. Table 6 outlines the number of structuresinventoried by county.

Table 6: Structure Inventory Totals within Project Area

County Structures
Monmouth County 10,598
Ocean County 81,262
Burlington County 322
Atlantic County 32,825
Cape May County 57,923

Information on the existing economic conditions withinthe New Jersey Back Bay Study area was
collected from the U.S. Census Bureau, FEMA, Bureau of Labor Statistics (BLS), Bureau of
Economic Analysis (BEA), New Jersey Department of Labor and Workforce Development, New
Jersey MOD-IV Property Tax Records, and County mapping resources.

The structure inventory extentwas developed using the NACCS 0.2% AEP Floodplain. Within this
study boundary, a detailed structure inventory was developed for all structures residing within the
NACCS 0.2% AEP Event Floodplain.

Residential structures comprise the majority of structure type within the study inventory, but non-
residential structures (commercial, industrial, public, and academic) have amuch higher average
value and constitute just under 50% of total structure value.

Table 7 reflects only depreciated replacement structure and content value within the detailed
structure inventory and does not account for additional benefit categories such as Infrastructure
damages, vehicles damages, emergency costs, or transportation delays.

Table 7: Structure Inventory Summary Information

Structure Count by Type Value Percent
Residential 173,845 95.0%
Non-Residential 9,085 5.0%

Total 182,930 100.0%

Structure Count by County Value Percent
Monmouth 10,598 5.8%
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Ocean 81,262 44.4%
Burlington 322 0.2%
Atlantic 32,825 17.9%

Cape May 57,923 31.7%

Total 182,930 100.0%

Structure Value by Type Value Percent
Residential $39,517,404,890 54.7%
Non-Residential $32,706,835,440 45.3%

Total $72,224,240,330 100.0%

Structure Value by County Value Percent
Monmouth $4,357,499,270 6.0%
Ocean $25,034,178,930 34.7%
Burlington $99,498,110 0.1%
Atlantic $20,842,857,680 28.9%

Cape May $21,890,206,340 30.3%

Total $72,224,240,330 100.0%

4.7 Historic Damages

Hurricane Sandy is the largest storm of its kind to strike the East Coast of the United States with
$65 billion in damages across 26 states (including 13 states with Major Disaster declarations).
Hurricane Sandy also resulted in 159 fatalities, 650,000 homes destroyed or damaged, and years
of recovery efforts.

Within the five New Jersey counties included in the New Jersey Back bay Study, 260,958 people
and 191,244 structures were exposed to Hurricane Sandy, resulting in 137,309 damaged
structures and $4.5 billion in total damages. Table 8 shows the effects of Hurricane Sandy
according tothe FEMA Modeling Task Force (MOTF)and the NACCS New Jersey State Analysis.

Information on the existing economic conditionsand historic damages within the New Jersey Back
Bay study area was collected from the U.S. Census Bureau, FEMA, North Atlantic Coast
Comprehensive Study (NACCS) and New Jersey MOD-IV Property Tax Records.
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Table 8: Historic Damages (Hurricane Sandy) by County

County Population ngpugité%n Hgi;izglc?s %[;l:rc];;;ree ds De-lrrr?;agles

($1000)

Atlantic 274,549 75,537 38,610 21,705 $635,750

Burlington 448,734 11,039 5,898 150 $144,902

Cape May 97,265 34,730 54,516 31,516 $659,828
Monmouth 630,380 45,439 27,538 21,452 $1,137,124
Ocean 576,567 94,213 64,682 62,486 $1,874,934

4.8 Affected Environmentand Cultural Resources*

48.1

The Back Bays of New Jersey comprise avast and rich coastal ecosystem which includes barrier
islands; beaches and dunes; salt, brackish, and freshwater marshes; tidal mud flats and maritime
forests; rocky shorelines; submerged aquatic vegetation; oyster and rock reefs, shallow bays, and
bay islands; terrestrial uplands, flood plains, and riparian zones. These habitats contain a
remarkable array of biodiversity and are recognized as an important ecological resource for
migratory birdsincluding waterfowl, wading birds, shorebirds, and other species that depend upon
these areas during their lifetime. Significant habitats along the coast include coastal wetlands,
water bird islands, and Essential Fish Habitat (EFH). The entire study areais part of the Atlantic
Flyway which is home to 32 priority bird species.

Affected Environment

In general, from an environmental standpoint, habitats will be subject to more stress in the future
resulting from human population increases, climate change, sealevel change, and other effects.

Additional detail regarding the environment which could be affected by the NJBB CSRM Study
can be found in the Environmental and Cultural Resources Appendix (Appendix F).

482 Land Use

The NJBB CSRM Study area encompasses five coastal counties with a diverse array of land uses
that comprises the natural conditions and/or human-modified activities occurring at a particular
location. Uses are identified first in general terms such as urban, wetland, agriculture, forest,
water, and barren. From there, more specific classifications are derived within each land use
category such as residential, commercial, industrial, recreational, forestland, cropland, etc.
Further categorization can include density and intensity of land use. Federal and state laws,
management plans, and zoning regulations determine the type and extent of land use allowable
in specificareas and often intend to protect specially designed or environmentally sensitive areas.
Zoning requirements are regulations developed by the local municipality to control potential future
development. Comprehensive plans evaluate long-term demographic trends to identify how the

36



region of analysis should be developed. Where zoning focuses on immediate trends in
development, comprehensive plans are generally less regulatory in nature and often serve as
guidance when current planning department is evaluating applications for development.

With the exception of public lands, the beach communities along the coast including headland
and barrier islands contain the most intense development in the upland areas consisting of
residential (seasonal) homes, commercial T tourist oriented (amusement areas, marinas, and
various smaller attractions and facilities), and some light industrial uses such as fishing related
industry. Inthe coastal barrier complex areas, the mainland areas are generally separated by vast
wetlands and open water bays. The mainland communities also include dense residential,
commercial development, transportation, utilities services and some sporadic industria
development. Other land uses inland include woodland, farmland, and freshwater and tidal
wetlands. Monmouth County is the northernmost county within the study area, which includes the
beaches and coastal waters north of Manasquan Inlet, Shark River Inlet, and the Coastal Lakes
Region of the study area. The Monmouth County Master Plan (Monmouth County Division of
Planning, 2016) tracked land use changes between 1986 and 2012, and determined that the
largest land use change was attributed to a growth in residential uses of 6.7% within that time
period, which also saw a net decrease of 6.4% in agricultural land uses. Similar trends where
urban lands (residential and commercial) saw net increases and agricultural lands saw net
decreases were noted in Ocean County, Atlantic County and Cape May County. Ocean County
experienced a 7.8% loss of farmland and a 7.7% gain in urban land from 2002 to 2007 (Ocean
County Planning Board, 2011), and Atlantic County likewise lost 6.4% of agricultural land and
42.6% of barren land with a net gain of 14% of urban land from 2002 to 2012 (Heyer, Gruel &
Associates, 2018). Recognizing the importance of farmlands and open space, all of the county
comprehensive plans include goals to preserve farmlands and to acquire more open space for
the communities.

New Jersey is a home rule state which means that much of the land use decisions are governed
at the local municipal level.

48.2.1 Protected Lands
48.2.1.1 NJ State Coastal Zone

The entire study area falls within New Jer
1.2(b) as including the CAFRA area, coastal waters, certain lands outside the CAFRA area, tidal
wetlands, and the Hackensack Meadowlands District. These terms are more fully defined at
N.JAC.7:7-1 . 2 ( b) . ruldsdedaER@tise use and development of coastal resources are
setforthin N.J.A.C. 7:7, Coastal Zone Management Rules. Among other things, these rules are
also used by NJDEP in the review of water quality certificates subject to Section 401 of the Federa
Clean Water Act, 33 U.S.C. § 1341, and Federal consistency determinations under Section 307
of the Federal Coastal Zone Management Act, 16 U.S.C. § 1456 and sets forth rules for the
NJDEP regarding the use and development of coastal resources that are reviewed by the Land
Use Regulation Program in reviewing permit applications under the Coastal Area Facility Review
Act (CAFRA),N.J.S.A.13:19-1 etseq. (asamended 2016), Wetlands Actof 1970, N.J.S.A. 13:9A-
1 et seq., Waterfront Development Law, N.J.S.A. 12:5-3, Water Quality Certification (401 of the
Federal Clean Water Act), and Federal Consistency Determinations (307 of the Federal Coasta
Zone Management Act).
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48.2.1.2 Coastal Barrier Resources Act Areas

The Coastal Barrier Resources Act (CBRA) of 1982 is intended to protect fish and wildlife

resources and habitat, prevent loss of human life, and restrict the expenditure of Federal funds

that may induce developmenton coastal barrierislands and adjacent nearshore areas. The CBRA

established the Coastal Barrier Resources System (CBRS), which consists of mapping of those
undeveloped coastal barrier islands and other areas located on the coasts of the U.S. that were

made ineligible for most Federal expenditures and financial assistance. Otherwise, protected

areas (OPAs) are a separate designation where the only Federal funding prohibition is Federa

flood insurance. Other restrictions to Federal funding that apply to CBRS units do not apply to

OPAG6s. WINIBB C3RMISthdy area, there are two existing CBRS units in Barnegat Bay,

one CBRS unit located at Hereford Inlet and seven OPAs located throughout the study area

(Table 9). Additionally, the US Fish and WildlifeSer vi ce prepared BbDapaft Rev
which include a number of proposed changes to existing CBRS units and OPAs within the NJBB

CSRM Study area; however, these changes require Congressional authorization. Maps of the

exi sting CBRA ®Reewaseamd aii Brasf are presented in the
Resources Appendix F.1.
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Table 9: CBRS Units and OPAs in NJBB CSRM Study Area

ID Location CBR.S OPA
Unit
NJ-04B* | Metedeconk Neck/Barnegat Bay west of Mantoloking X
NJ-04BP Edwin B. Forsythe NWR on Metedeconk Neck/Barnegat X
Bay west of Mantoloking
NJ-O5P* | Island Beach State Park/Barnegat Bay & Inlet X
NJ-06* Cedar Bonnet Island west of Ship Bottom/S. of Rt. 72 X
NJ-06P Cedar Bonnet Island west of Ship Bottom/S. of Rt. 72 and X
Egg Island
NJ-07P* | Edwin B. Forsythe NWR and Little Egg Harbor Inlet X
NJ-19P* | Great Egg Harbor Inlet X
NJ-ogp* | Corson Inlet/CorsonInlet State Park, Strathmere Natural X
Area and west.
NJ-08** | West of Corson Inlet and Strathmere X
Hereford Inlet/Stone Harbor Point/North Wildwood and
NJ-09* X
west.
NJ-09P West of Hereford Inlet X
NJ-10P* | Lower Cape May Meadows i Atlantic Coast X
NJ-11P* | Cape May Canal (Delaware Bay) X
*I ncludes changes in boundary designations in fADraft
Includes changes in designation from an OPA to a Sys
** |s a new designated CBRS unit or OPA in AaDraft Re"

4.8.2.1.3 National Wildlife Refuges

The largest and most significant protected lands in the study areainclude E.B. Forsythe Nationa
Wildlife Refuge and Cape May National Wildlife Refuge. The E.B. Forsythe National Wildlife
Refuge, which is divided into the Brigantine Division and the Barnegat Division, encompasses
approximately 47,000 acres distributed in a patchwork along more than 50 miles of the coast in
Atlantic, Burlington, and Ocean Counties. Approximately 82 percent of the refuge consists of
wetlands, of which 78 percent is saltmarsh interspersed with shallow coves and bays. The
wetlands include three large impoundments of freshwater and brackish marsh habitat totaling
approximately 1,490 acres. The impoundments allow intensive water level management to
enhance the habitat value for waterfowl, shorebirds, and wading birds. The remaining 18 percent
of the refuge is upland, of which approximately 5,000 acres are forested, and 2,000 acres are a
mix of grasslands, beaches, and dunes. The refuge includes two undeveloped barrier island
beaches - the Holgate Unit(which consists of the lower 3.5-mile end of Long Beach Island), and
Little Beach Island. Little Beach Island is an important nesting area for the federally threatened
piping plover with 23 nesting pairs using the area in 2013. Both of these coastal barrier areas,
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along with a pristine section of saltmarsh on the west side of Great Bay, have been designated a
National Wilderness Area.

The Cape May National Wildlife Refuge encompasses approximately 11,800 acres within the

Cape May Peninsula. It is divided into three main divisions - the Great Cedar Swamp Division,

the Delaware Bay Division, and the Two-Mile Beach Unit. The Great Cedar Swamp Division

includes approximately 6,000 acres of primarily moist woodlands and thickets located in the
Peninsulads interior. This Division receives | im
Harbor and on the south end from Dennis Creek. The Delaware Bay Division includes
approximately 5,000 acres of mixed wooded uplands, tidal marsh, and beach habitat that extends

for 5 miles along the Delaware Bay shoreline. The Two-Mile Beach Unit consists of approximately

800 acres bordering a 0.7-mile long section of ocean fronting beach just north of the Cape May

Inlet.

The Two-Mile Beach Unit is important to shorebirds which stop here in large numbers during their

spring and fall migrations. In addition to the abundant shorebirds, the Cape

May Peninsulads <configuration and strategic | oc
songbirds, raptors, and woodcock as these birds funnel down to Cape May Point during the fall

migration.

48.2.1.4  Parks and Wildlife Management Areas

Other protected areas within the study area includeCor sondéds | nl et StRointe Par k,
St ate Park, The Nature Conservancy6s South Cape M
State Park, Barnegat State Park, Great Bay Boulevard State Wildlife Management Area,

Manahawkin Wildlife Management Area, and numerous county and municipal parklands.

48215 State Natural Areas

There are several state natural areas designhated under N.J.A.C. 7:5A within the NJBB CSRM
Study Area. Natural Areas receive an exceptional degree of protection. Landsinthe Natural Areas
system may not be sold, leased, or exchanged, or altered in any way without the approval of the
NJDEP. When an area becomes part of the Natural Areas System, the NJDEP is required to
develop and adopt a comprehensive management plan to ensure the continued protection of the
ecosystems and species found within the area. The Natural Areas Council, a seven-member
board appointed by the governor, advises the Commissioner on all matters relating to the System.
The Natural Areas System Rules at N.J.A.C. 7:5A provide detailed procedures for classification
and designation of natural areas, development of management plans, allowable uses and
practices, procedures for conducting research and scientific activities, and revising boundaries
(https://www.state.nj.us/dep/parksandforests/natural /natareas.html accessed on 1/2/2019).
State Natural Areas within the NJBB CSRM Study Area are presented in Table 10.

40


https://www.state.nj.us/dep/parksandforests/natural%20/natareas.html

Table 10: State Natural Areas within NJBB CSRM Study Area

Natural Area

Location

Management

Classification

Agency

Cape May

Cape May Point

Preservation of

Conservation

Division of Parks

Point Natural State Park, Cape freshwater marsh Preserve and Forestry i
Area May PointBorough | behind acoastal Cape May Point
and Lower dune, habitat diversity State Park
Township (Cape for migratory birds,
May County) and rare species
habitat.
Cape May Avalon Borough, Preservation oftidal Ecological NJDEP DFW i
Wetlands Dennis, and Middle | salt marsh ecosystem [ Reserve Cape May Coastal

Natural Area

Townships (Cape
May County)

and rare species
habitat

Wetlands Wildlife
Management Area

Strathmere
Natural Area

Corsonéobs
State Park, Upper
Twp. (Cape May
County)

Preservation ofa
dune habitat, plant
community
associations, and
rare species habitat.

Conservation
Preserve

Division of Parks
and Forestry i
Belleplain State
Forest

North City of Brigantine Preservation of Conservation Division of Parks

Brigantine (Atlantic County) saltmarsh habitat, Preserve and Forestry i

Natural Area coastal dune, and Bass River State
rare species habitat. Forest

Great Bay Little Egg Harbor Preservation oftidal Ecological NJDEP DFW i

Natural Area Township (Ocean salt marsh ecosystem | Reserve Assunpink Wildlife

County) and rare species Management Area

habitat

Manahawkin Manahawkin Preservation of Ecological NJDEP DFW i

Natural Area Wildlife mature bottomland Reserve Assunpink Wildlife

Management Area,
Stafford Twp.
(Ocean County)

hardwood forest, and
rare species habitat.

Management Area

Island Beach Island Beach State | Preservation of Conservation Division of Parks
Northern and Park (IBSP), barrier island dune Preserve and Forestry i
Southern Ocean and system, saltwater IBSP.
Natural Areas Berkeley Twp. marsh, freshwater

(Ocean County) bogs, and rare

species habitat.

Swan Point Brick Twp. (Ocean | Preservation oftidal Ecological Division of Parks
Natural Area County) salt marsh ecosystem | Reserve and Forestry i

and Atlantic white
cedar swamp.

Island Beach State
Park

4.8.2.1.6
New Jersey Pinelands

Portions of the NJBB CSRM Study area fall within the Federal Pinelands National Reserve (PNR),
which was created by the National Parks and Recreation Act of 1978. The PNR consists of
approximately 1.1 million acres within seven counties in New Jersey, and occupies 22% of New
J e r s totgl sl area. Thereserveis a United States Biosphere Reserve and is home to dozens
of rare plant and animal species and the Kirkwood-Cohansey aquifer system, which contains an
estimated 17 trillion gallons of water. Under this act, the Federal governmentformed a partnership
with the State of New Jersey to form the Pinelands Commission (PC), as an independent agency,
whose mission is to fApreserve, protect and
Pinelands National Reserve, and to encourage compatible economic and other human activities
consistent with t mplememsiarCpnpeleensive MamageméhCPlan (CMP)

National Reserves

enhan
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that guides land use, development, and natural resource protection programs in a 938,000-acre
APi nel ands Ar &ewdlersey. This ceauttshngwo rseparate, but mostly overlapping
boundaries between the Feder al AFNURe 18)nTthe Federal
PNR includes land east of the Garden State Parkway (including portions of the NJBB CSRM
Study area) and to the south bordering Delaware Bay, which is omitted from the state Pinelands
Area (https://www.nj.gov/pinelands/reserve/;  https://www.nps.gov/pine/index.htm;  and
https://www.nj.gov/pinelands/about/ accessed on 12/31/2018). In Cape May County, the PNR
boundary (blue line in Figure 13) is on the western side of the NJBB CSRM Study area along the
Garden State Parkway where the boundary turns further west at the Great Egg Harbor Bay along
western Somers Point. Large portions of the NJBB CSRM Study area are included withinthe PNR
from north of Absecon Bay and the western side of Brigantine north through Little Egg Harbor
Inlet, Little Egg Harbor, large portions of Barnegat Bay, Barnegat Inlet, and Island Beach State
Park. The Pinelands Area (green line on Figure 13) that is governed by the Pinelands CMP and
under the jurisdiction of the Pinelands Commission is outside of the NJBB CSRM Study area.

Jacques Cousteau National Estuarine Research Reserve

The Jacques Cousteau National Estuarine Research Reserve (JC NERR) is part of the National
Estuarine Research Reserve System (NERRS) developed to protectthe biologically, ecologically,
economically, and aesthetically important estuarine areas along the coasts. It is one of the two
national estuarine reserves created to promote the responsible use and management of the
nation's estuaries through a program combining scientific research, education, and stewardship.
The JC NERR encompasses approximately 116,000 acres in southeastern New Jersey, including
a great variety of terrestrial, wetland and aquatic habitats within the Mullica River-Great Bay
ecosystem (retrieved from https://jcnerr.org/about.html on 1/25/2019).
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48217 Wild and Scenic Rivers

The National Wild and Scenic Rivers Systemwas created by Congressin 1968 to preserve certan
rivers with outstanding natural, cultural, and recreational values in a free-flowing condition for the
enjoyment of present and future generations. The Act is notable for safeguarding the special
character of these rivers, while also recognizing the potential for their appropriate use and
development. It encourages river management that crosses political boundaries and promotes
public participation in developing goals for river protection. The Great Egg Harbor River, was
designated as a Wild and Scenic River on October 27, 1992, is located within the NJBB CSRM
Study area. In the NJBB CSRM Study area, Wild and Scenic River status of the Great Egg Harbor
River and tributaries are generally west of the Garden State Parkway . Key drainages that are part
of the system include Patcong Creek and the Tuckahoe River near the confluence west of the
Garden State Parkway (see Appendix F.11).

4.8.2.1.8 National Estuary Program

The Barnegat Bay Partnership (BBP), which comprises federal, state, and local government
agencies, academic institutions, nongovernmental organizations, and businesses working
together to restore and protect the Bay. The BBP recently revised its Comprehensive
Conservation and Management Plan for Barnegat Bay-Little Egg Harbor Estuary (January 2021)
which identifies the following goals:

Water Quality i To protect and improve water quality throughout Barnegat Bay and its
watershed by reducing the causes of water quality degradation to achieve swimmable, fishable,
and drinkable water, and to support aquatic life.

Water Supply i To ensure adequate water supplies and flow in the Barnegat Bay watershed
for ecological and human communities now and in the future.

Living Resources i To protect, restore, and enhance habitats in the Barnegat Bay and its
watershed as well as ensure healthy and sustainable natural communities of plants and animals
both now and in the future.

Land Use i To improve and sustain collaborative regional approaches to responsible land
use planning and open space preservation in the watershed that protect and improve soll
function(s), water quality, water supply, and living resources.

48.2.1.9 Sedge Islands Marine Conservation Zone

A marine conservation zone was approved by the New Jersey Tidelands Resource Council to
manage the submerged lands within the Sedge Islands estuarine complex within Barnegat Bay
and Island Beach State Park, which is a sensitive marine habitat that is critical for the health of
the bay and its resources. This conservation zone was designated to reduce the environmenta
impacts of personal watercraft and to better manage wildlife, recreation and traditional uses of
the area.
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4.8.3  Floodplains

Through Executive Order (EO) 11988, Federal agencies are required to evaluate all proposed
actions within the 1% annual exceedance probability (AEP)(100-year) floodplain. Actions include
any Federal activity involving 1) acquiring, managing, and disposing of Federal land and facilities,
2) providing Federally undertaken, financed, or assisted construction and improvements, and 3)
conducting Federal activities and programs affecting land use, including but not limited to water
and related land resources planning, and licensing activities. In addition, the 0.2% AEP (500-year)
floodplain should be evaluated for critical actions or facilities, such as storage of hazardous
materials or construction of a hospital. The EO provides an eight-step process to evaluate
activities in the floodplain that generally includes 1) determine if the proposed action is in the
floodplain, 2) provide public review, 3) identify and evaluate practicable alternatives to locating in
the 1% AEP floodplain, 4) identify the impacts of the proposed action, 5) minimize threats to life
and property and to natural and beneficial floodplain values and restore and preserve natural and
beneficial floodplain values, 6) reevaluate alternatives, 7) issue findings and a public explanation,
and 8) implement the action. Proposed actions may have limited impacts such that the eight-step
process may vary or be reduced in application, which is the case for this project.

FEMA defined Flood Zones are predominantly high-risk areas, designated by Zone AE, along the
inland side of the barrier islands and the upland side of the bays. Base Flood Elevations
associated with the AE Zones generally range from about 5 to 12 ft. NAVD88. There are severa
high-risk coastal areas that carry an additional hazard associated with storm waves, designated
by Zone VE, which vary greatly in location and severity. Base Flood Elevations associated with
the VE Zones generally range from 9 to 16 ft. NAVD88 but go as high as 29 ft. NAVDS88.

More frequent flood events were analyzed for structure counts due to the high number of
structures in the study area. There are approximately 31,000 structures below the elevation of
the 5% AEP flood eventas defined by the NACCS. Forthe 10% AEP and 20% AEP flood events,
the number of structures is about 17,000 and 8,000 respectively.

Land elevations vary greatly throughout the study area. Generally, developed areas in the
southern portion of the project area are on lands below 20-ft NAVD88. In these areas, the inland
side of the barrier islands is generally at or below about 10-ft NAVD88 and the upland side of the
bay is generally at or below about 20-ft NAVD88. The same is generally true in the northern
portion of the projectarea, but there are more developed lands in the 20 to 30-ft NAVD88 range.

In the study area, there are approximately 183,000 structures with over $90 billion in damageable
assets, critical infrastructure, and utilities. These structures are located in 84 separate
municipalities across five counties. Of the total structures, approximately 95% are classified as
residential structures. The other 5% are classified as non-high rise commercial, industrial, or
public facilities.

48.4 Geology and Soils
48.4.1 Geomorphology

The study area is situated along the New Jersey coast, which is located within the New Jersey
section of the Coastal Plain Physiographic Province of Eastern North America. In New Jersey,
the Coastal Plain Province extends fromthe southern terminus of the Piedmont Physiographic
Province southeastward for approximately 155 miles to the edge of the Continental Shelf. The
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boundary between the rock units of the Piedmont and unconsolidated sediments of the Coastal
Plain Physiographic Provinces is known as the Fall Line, which extends southwest across the
state from Perth Amboy through Princeton Junction to Trenton. Itis termed the Fall Line due to
its linearity and the distinct elevation change that occurs across this border between the more
rugged, generally higher rock terrain of the Piedmont and generally lower terrain of the soil
materials comprising the Coastal Plain. The locations of the Physiographic Provinces in New
Jersey and Fall Line are shown on Figure 14.
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Figure 14: Physiographic Provinces of New Jersey
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The Coastal Plain Province, lying southeast of the Fall Line, is part of the Atlantic Coastal Plain
that extends along the entire eastern Atlantic Ocean coastline fromNewfoundland to Florida. The
Coastal Plain is the largest physiographic province in the state and covers approximately sixty
percent of the surface area of New Jersey. This province encompasses an area of approximately
4,667 square miles, almost 3 million acres. More than half of the land area in the Coastal Plain
is below an elevation of 50 feet above sea level (NGVD). The terrestrial portion of the Coastal
Plain Province is bounded on the west and southwest by the Delaware River and Delaware Bay,
on the north by the Fall Line and on the northeast by the Raritan Bay and Staten Island. T he
remaining portions of the Coastal Plain Province in New Jersey are bordered by the Atlantic
Ocean. The Atlantic Coastal Plain has been furtherdifferentiated into the Inner and Outer Coasta
Plain regions. The Inner Coastal Plain consists of lowlands and rolling hills underlain by
Cretaceous deposits and is border to the north by the Piedmont Province. The Outer Coastal
Plain is a region of low altitude where low-relief terraces are bounded by subtle erosional scarps,
and consists of the unconsolidated Tertiary deposits of sand, silt, and gravels. The eastern
boundary of the Coastal Plain includes many barrier bars, bays, estuaries, marshes, and
meadowlands along the Atlantic coast extending from Sandy Hook in the north to Cape May Point
at the southern tip of New Jersey.

4.8.4.2  Physiography

The New Jersey shoreline, which is included in the Coastal Lowlands can be divided into those
sections where the sea meets the mainland (at the northern and extreme southern ends of the
State) and where the sea meets the barrier islands (in the central to southern portion of the State).
The Coastal Lowlands include as many as three scarp-bounded terraces, which are underlain by
marine and estuarine deposits. The outer margin of the terraces is surrounded by the tidal
marshes, bays, and the barrier islands. The barrier islands extend from Bay Head, down the
coast for approximately 90 miles, to just north of Cape May Inlet and are generally continuous,
except for the interruption by 10 inlets.

4.8.4.3 Barrier Islands

The New Jersey barrier islands, which include the study area, belongto a landform susceptible
to comparatively rapid changes. The barrierislands range in width fromaround 1000 feet to 5,000
feet. Landward of the barrier beaches and inlets along the barrier islands are tidal bays, which
range from 1 to 4 miles in width. These bays have been filled by natural processes until much of
their area has been covered with tidal marshes. The remaining water area landward of the barrier
islands consists of smaller bays connected by water courses called thorofares. Four geologic
processes are considered to be responsible for the detritus (or loose material) in the bay area: (1)
stream sedimentation, which contributes a small amount of upland material; (2) waves washing
over the barrier islands during storms; (3) direct wind action blowing beach and dune sand into
the lagoon; and (4) the work of tidal currents, which normally bring in more sediments in
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suspension fromthe ocean on flood tide than they remove on ebb tide. The vegetation of the
lagoons, both in marshland and bays, serves to trap, and retain the sediments.

4.8.4.4 Drainage of the Coastal Plain

The land surface in the Coastal Plain of New Jersey is divided into drainage basins, based on the
area that contributes runoff to streams and their tributaries in a particular region. Adrainage divide
marks the topographic boundary between adjacent drainage basins. A major drainage divide in
the Coastal Plain separates streams flowing to the Delaware River on the west and to the Atlantic
Ocean on the east and southeast.

The surficial drainage system of the New Jersey Coastal Plain was developed at atime when sea
level was lower than at present. The subsequentrise in sea level has drowned the mouth of
coastal streams where tidal action takes place. Thistidal effect extends up the Delaware River
to Trenton, New Jersey, adistance of 139 miles. The formation of the barrier islands removed all
direct stream connection with the ocean between Barnegat Bay and Cape May Inlet. These
streams now flow into the lagoons formed in the back of these barrier beaches and their waters
reach the Atlantic Ocean by way of the thorofares and inlets, discussed above. The significance
of these featuresto the drainage systemin the study area s that the Coastal Plain streams, whose
upper courses carry little sediment, lose that little sediment in their estuaries, and in the lagoons,
and supply virtually no beach nourishment to the ocean front areas.

The material present within the coastal lagoons and tidal marshes consists primarily of alluvium,
and salt-marsh deposits. The alluvium, which was deposited was derived from weathered upland
soils of the Bridgeton and Cohansey Formations, consists of gray and brown sand, silt, pebble
gravel, cobbles, minor peat, and shells. The salt-marsh deposits, which are comprised of organic
muck and peat, silt clay and sand. Black, brown, and gray organic muck includes remains of salt-
tolerant grasses. Silt and sand occur as deposits along tidal creek margins. These salt-marsh
deposits were deposited largely as suspended sediment in turbid bays or rivers during high tides.

4.8.4.5 Regional Geology

The New Jersey Coastal Plain Physiographic Province consists of sedimentary formations
overlying crystalline bedrock known as the "basement complex.” From well drilling logs, it is
known that the basement surface slopes at about 155 feet per mile to a depth of more than 5,000
to 6,000 feet near the coast. Geophysical investigations have corroborated well-log findings and
have permitted determination of the profile seaward to the edge of the continental shelf. A short
distance offshore, the basement surface drops abruptly but rises again gradually near the edge
of the continental shelf. Overlying the basement are semi-consolidated sedimentary formations
of Lower to Middle Cretaceous sediments. The beds vary greatly in thickness, increasing
seaward to a maximum thickness of 2.5 miles then decreasing to 1.5 miles near the edge of the
continental shelf. On top of the semi-consolidated beds lie unconsolidated sediments of Upper
Cretaceous and Tertiary formations. These sediments range from relatively thin beds along the
northwestern margin at the Fall Line, to around 4,500 feet beneath Atlantic City to over 40,000
feetin the area of the Baltimore Canyon Trough located around 50 miles offshore of Atlantic City.

Based on information provided by the New Jersey Geological Survey (NJGS) and United States
Geological Survey (USGS), the wedge-shaped mass of unconsolidated sediments that comprise
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the New Jersey Coastal Plain discussed above are composed of sand, gravel, silt, and clay. The
wedge thins to a featheredge along the Fall Line and attains a thickness of over 6,500 feet in the
southern part of Cape May County, New Jersey. The system is comprised of relatively highly
permeable sand and gravel layers separated by semi-permeable to impermeable silt and clay
interlayers that form confining layers and restrict the vertical flow of groundwater. These
sediments range in age from Cretaceous to Upper Tertiary (i.e., Miocene - 144 to 5 Ma) (Ma =
mega annum = million years ago), and can be classified as continental, coastal or marine
deposits. The Cretaceous and Tertiary age sediments generally strike on a northeast-southwest
direction and dip gently to the southeast from ten to sixty feet per mile. The Coastal Plain is
mantled by discontinuous deposits of Late Tertiary to Quaternary (geologically recent) sediments,
which, where present are basically flat lying. The unconsolidated Coastal Plain deposits are
unconformably underlain by a Pre-Cretaceous crystalline basement bedrock complex, which
consists primarily of Precambrian and early Paleozoic age (>540 Ma to 400 Ma) rocks. Locally,
along the Fall Line in Mercer and Middlesex Counties, Triassic age (circa 225 Ma) rocks overlie
the crystalline basement rocks and underlie the unconsolidated sediments.

4.8.4.6  Surficial Geology

As indicated above, the Coastal Plain of New Jersey consists of beds of gravel, sand, silt, and
clay, which dip gently towards the southeast. Fossil evidence indicates that these sediments
range from the Cretaceous to Quaternary Period, with some more recent glacial period
Quaternary sediments mantling the surface. The older and lower layers outcrop at the surface
along the northwest margin of the Coastal Plain and pass beneath successively younger stratain
the direction of their dip. Since the formations dip toward the southeast, this results in a series
of successive generally parallel outcrops with a northeast-southwest strike, with successively
younger layers outcropping at the surface towards the southeast and progressing southward
along the shore.

The sea successfully advanced and retreated across the 155-mile width of the Coastal Plain
during the Cretaceous through Quaternary Periods (144 Ma to present). Many sedimentary
formations were deposited, exposed to erosion, submerged again, and buried by younger
sediments. The types of sorting, the stratification, and the fossil types in the deposits indic ate
that deposition took place offshore aswell as in lagoons and estuaries, and on beaches and bars.
Considerable changes in sea level continued to take place during Pleistocene time. Glacial
periods brought alowering in sealevel as water was locked up in the large terrestrial ice masses.
As the sea level fell to a beach line thousands of feet seaward of the present shoreline,
Pleistocene sediments were deposited in valleys cut into older formations.

Between Bay Head and Cape May City, the coastal lagoons, tidal marshes, and barrier beaches
that fringe the coast have contributed to the sands of the present beaches. During Quaternary
time, changes in sea level caused the streams alternately to spread deposits of sand and gravel
along drainage outlets and later to remove, rework, and redeposit the material over considerable
areas, concealing earlier marine formations. One of these, the Cape May Formation consisting
largely of sand and gravel, was deposited during the last interglacial stage, when the sea level
stood 33 to 46 feet higher than at present. The material was deposited along valley bottoms,
grading into the estuarine and marine deposits of the former shoreline. In most places along the
New Jersey coast, there is a capping of a few feet of Cape May Formation. This capping is of
irregular thickness and distribution, but generally forms a terrace about 25 to 35 feet above sea
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level. The barrier beaches, being of relatively recent origin, are generally composed of the same
material as that found on the offshore bottom.

4.8.4.7 Borrow Material for Berm Construction

Several offshore borrow areas are currently in use off the coast of New Jersey for beach
nourishmentand dune construction. Additional borrow areas have been studied but not permitted.
Some borrow areas are located in inlets while others can be up to 7 miles offshore. Although most
of these areas could be used for material for the project, only the near shore and inletareas would
be practical for use due to the distances and logistics involved.

There are numerous Confined Disposal Facilities (CDFs) along the back bay and New Jersey
Intercoastal Waterway that have been used during past dredging events. These facilities are on
a mix of federal, state, and local land. These CDFs contain sand, silt, and clay, however no
complete inventory of them exists.

There are numerous quarries throughout the areathat would be able to provide sand or other fill
material by either truck, rail, or barge.

4848 Soils

The soils within the study area are varied, ranging from deep fertile soils to droughty infertile soils
with little humus or organic material presentto organic tidal marshes, urban lands, and barrier
island beach sands. In Monmouth County, the Natural Resources Conservation Service (NRCS)
features 43 agronomic soil series and 114 types or subtypes. Soils associations encountered
within the study area include the Klej-Galestown-Evesboro-Downer, Lakewood-Lakehurst-
Evesboro-Atsion and Hooksan-Psamments-Udorthents along the coast. The NRCS recognizes
32 soil series, with 85 types or subtypes in Ocean County (USDA 1980). Accordingto the Ocean
County Soil Survey (1980), the dominant soil associations for the project area includes the
Downer-Evesboro and Sulfaquents-Sulfihemists associations. The Downer-Evesboro association
consists of well-drained and excessively drained, loamy, and sandy soils on uplands that are
nearly level and gently sloping. The Sulfaguents-Sulfihemists association consists of poorly
drained, mineral, and organic soils on tidal flats and marshes that are nearly level. Based on the
project location within the Atlantic Coastal Plain province, fine to- medium sands from barrier
formation processes or the underlying coastal plain are assumed to underlie the marsh deposits.
Subsurface investigations performed in the area of the Barnegat Inlet South Jetty by USACE
support this assumption. These subsurface investigations indicate that the area is underlain by
fine-to-medium, dense-to-very dense sands with a layer of low density silts 4 to 6 feet thick at
depths from 20 to 24 feet below ground surface (CH2M Hill 1997). However, note that this
investigation was associated with a County-level survey for a specific region of the study area
and is therefore limited in scope. Additionally, these County-level surveys typically include
shallow boring depths and therefore may represent an incomplete characterization of soil
thickness and associated regional extent. These low-density soils may extend deeper than the
investigated depths, and may be more regional in extent. Additional research will be performed
during subsequent project phases to better define subsurface conditions of the study area.

The southeast corner of Burlington County is within the study area that includes outer coastal
plain soils within the lower Mullica River watershed composed predominantly of the Downer-
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Sassafras-Woodstown association, which are mostly sandy loams and fine sandy loam subsoils
and the Tidal Marsh association composed of organic silts subjected to daily flooding.

In Atlantic County, dominant soils within the study area are composed of the Appoquinimink-
Transquaking-Mispillion (ATM)-Psamments-Hooksan-Urban Association, which contains nearly
level, poorly drained tidal flats; nearly level excessively drained sandy fill land; and nearly level or
gently sloping, excessively drained coastal beaches. The ATM soil series is located in areas near
sea-level that are flooded twice daily by tidal waters and occupies about 16% of Atlantic County
soil types. Psamments are located where several feet of sandy fill were placed on top of ATM
soils to create developable land. Hooksan-Urban soils are located along the barrier beaches and
includes areas that have been highly urbanized (Heyer, Gruel & Assoc., 2018).

In Cape May County, the barrier islands are composed of the heavily developed Coastal-Urban
(CU) soil association and other fill lands (FL/FM) fromtidal marshes converted to uplands. The
tidal wetlands in the back-bay marsh areas are Tidal Marsh (TM) soil associations displaying
various thicknesses of organic matter. Further inland and west, the dominant soil associations are
the Downer-Sassafras-Fort Mott Association and Hammonton-Woodstown-Klej Association,
which are high and intermediate landscape sandy loams and loamy sand soils found along the
Garden State Parkway. A list of dominant soil associations within and near the study area are
presented in Table 11.

Table 11: Dominant Soil Associations within New Jersey Back Bay Areas

Soil Association County Properties
Downer-Sassafras-Fort Cape May Well-drained sandy loams or loamy sands in high
Mott landscape positions.

Downer-Hammonton- Atlantic Nearly level or gently sloping, well drained to

Sassafras somewhat poorly drained soils that have a loamy
subsaoil in high or intermediate landscape positions.

Downer-Evesboro Ocean Nearly level and gently sloping, well drained and

excessively drained, loamy, and sandy soils on
uplands on broad, high, and intermediate landscape

positions.
Manahawkin-Atsion- Ocean Nearly level, very poorly drained and poorly drained,
Berryland organic, and sandy soils onlowlands.
Hammonton-Woodstown- | Cape May Nearly level, moderately well-drained and somewhat
Klej poorly drained soils that have dominantly loamy

subsoil and a sandy substratum in intermediate
landscape positions.

Sassafras-Aura- Atlantic Nearly level or gently sloping, well drained and
Woodstown moderately well drained soils that have a loamy
subsaoil in high to intermediate landscape positions.
Sassafras-Downer- Monmouth, Nearly level to steep, deep, well drained, and
Woodstown Burlington moderately well drained, loamy soils; on uplands.
Klej-Lakehurst-Evesboro | Atlantic Nearly level to gently sloping, excessively drained to

somewhat poorly drained soils that have a sandy
sub-soil in high to intermediate landscape positions.
Pocomoke-Muck Cape May Nearly level, very poorly drained soils that have a
loamy subsoil and a sandy substratum and soils that
are organic throughout in low landscape positions.
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Soil Association County Properties

Atsion-Muck-Pocomoke | Atlantic, Burlington, | Nearly level, poorly drained soils that have a sandy
or loamy subsoil, and organic soils underlain mainly
by sand that are organic throughoutin low
landscape positions.

Tidal Marsh Cape May, Nearly level, very poorly drained silty or mucky tidal
Atlantic, Burlington | flats that are subject to daily flooding.
Sulfaquents-Sulfinemists | Ocean, Monmouth | Nearly level, poorly drained, mineral, and organic

and Hooksan soils on tidal flats and sand dunes and beaches
(Hooksan).

Coastal beach- Urban Cape May, Nearly level to strongly sloping barrier beaches and

Land Atlantic areas developed for residential and commercial
uses.

Urban land-Fripp Ocean Urban land on nearly level and gently sloping

excessively drained sandy soils; beaches on the
barrierislands

4.8.,5 Hazardous, Toxic and Radioactive Wastes (HTRW)

A desktop overview of the NJBB CSRM Study area was combined with District and personnel
knowledge of the areato develop information regarding the potential for HTRW issues.

The barrier islands portion of the study area are predominately populated with residences,
township supporting infrastructure (including water treatment plants), commercial, amusement
parks/piers and some lightindustrial/marina-related facilities. There are fuel storage tanks related
to the non-residential structures and marinas. Marinas may have pump out facilities with onsite
temporary storage. Residential and most other facilities are likely heated using natural gas.
There is a greater likelihood for fuel storage tanks (and septic tanks) in the more rural areas of
the study area. There are small parks or natural areas within some townships on the barrier
islands.

There are some larger natural areas, mostly in the southern portions of the study area(e.g., Island
Beach State Park, E.B. Forsythe National Wildlife Refuge and the Cape May National Wildlife
Refuge). These areas may also have storage tanks supporting facility structure and/or vehicles.
There are limited heavy industrial facilities, including power plants, on the barrier islands. The
Atlantic City-Ventnor-Margate-Longport areais heavily populated and could have more industrial-
type facilities.

On the mainland portion of the study area, there are residential areas, township supporting
infrastructure, and water treatment plants, commercial and industrial/marina-related facilities.
There is increased potential for fuels and other materials storage tanks, and septic tanks use in
rural areas. There is more industry on the mainland portion. The northern mainland area has
more development than the middle mainland areas, although there are townships of considerable
size (e.g., Little Egg Harbor, Pleasantville, Northfield and Somers Point) in the middle portion.
There are power plants serving the mainland and barrier island areas.

The Oyster Creek Generating Station (Nuclear Power Plant) has been shut down but has not
undergone decommissioning and remediation. The current plan is to decommission the plant,
but retain the nuclear fuel on site. This facility is located in Lanoka Harbor, NJ and has a cooling
water canal connected to Barnegat Bay.

52



The need for environmental datareviews (Phase 1) and field investigation work (Phase II) will be
highly dependent upon the locations and type(s) of flood management structures that are carried
forward in the study.

48.6 \Watersheds

The New Jersey Back Bays are part of the New Jersey Atlantic Coast Water Region (Figure 15),
one of five watersheds in New Jersey delineated by NJDEP. The Region is comprised of five
major watershed management areas (WMA). The New Jersey Atlantic Coast Water Region
receives freshwater inputs fromanumber of river systems and smaller tributaries often originating
as headwaters in the New Jersey Pinelands. These freshwater tributaries generally enter from
the west where they meet tidally influenced polyhaline waters from the Atlantic Ocean that enter
through the coastal inlets. The back bays are generally semi-enclosed estuaries bounded by the
barrierislands and/or adjacent headlands. Five major watershed management areas (WMA) form
the Atlantic Coast Water Region, however, the NJDEP now assesses water quality in individua
sub watershedsas Assessment Units (AU6s) at the USGS HUC
in the study area is Monmouth (WMA 12), which includes the Atlantic Ocean and inland bays
along with two major river systems that are not in the NJBB CSRM Study area: the Navesink
River and Shrewsbury River. Within the NJBB CSRM Study area, this area includes the Shark
River and Manasquan River systems, which are connected to the Atlantic Ocean through the
Shark River Inlet and Manasquan Inlet, respectively.

The Barnegat Bay Watershed Management Area (WMA 13) is very large and contains an
estuarine drainage of 3,500 square kilometers (1,350 square miles), a surface area of 167 square
kilometers (64 square miles), and a volume of 238 million cubic meters. This system includes
Barnegat Bay and Little Egg Harbor Bay that form shallow lagoon estuaries that are fed by
numerous streams including (from north to south): Metedeconk River, Kettle Creek, Toms River,
Cedar Creek, Forked River, Oyster Creek, Manahawkin Creek, Mill Creek, and Tuckerton Creek.
These rivers and streams provide freshwater influxes fromthe New Jersey Pinelands at a genera
rate of 10.2 cubic meters/second (360 cubic feet/second) with Toms River providing the greatest
amount of that inflow followed by Cedar Creek (USFWS, 1997). WMA 13 is connected with the
Atlantic Ocean through Barnegat Inlet to the north, Little Egg Harbor Inlet to the south, and also
through the Bay Head-Manasquan Canal/Point Pleasant Canal and Manasquan Inlet at the
northern end of the bay complex.
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Figure 15: New Jersey's Watershed Management Areas (Source: NJDEP, 2007)
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The Mullica River Basin (WMA 14)is a 1,471 square hectare (568 i square mile) area fed by a
number of rivers and creeks originating from the heart of the New Jersey Pinelands including the
Batsto River, Atsion (upper Mullica) River, Sleeper Branch, Nescocheague Creek, and
Hammonton Creek. These major watersheds join at the head of tide near the town of Batsto to
formthe main stem of the MullicaRiver. The tidally influenced main stem from Batsto to the mouth
at Great Bay is about 34 kilometers (21 miles) in length. A number of tributaries enter the main
stem from the north, including Bull Creek, Wading River, and Bass River, with Landing Creek and
Nacote Creek fromthe south. All of these tributaries are tidally influenced (USFWS, 1997). Great
Bay is a polyhaline, well mixed estuary at the mouth of the Mullica River, and is fed tidally from
the Atlantic Ocean through Little Egg Harbor Inlet to the east and Little Bay and Brigantine Inlet
to the south.

The Great Egg Harbor River Basin (WMA 15) is composed of several embayment that extend
behind Brigantine Island, Absecon Island, and Peck Beach. To the north, Reeds Bay and Absecon
Bay receive freshwater inputs from mainly Absecon Creek. These bays are tidally connected to
the Atlantic Ocean waters entering through Absecon Inlet and to a lesser extent from Little Bay
and Brigantine Inlet to the north (WMA 14). Lakes Bay and Scull Bay are located south of the
Atlantic City Expressway and west of Absecon Island. These bays are tidally influenced from the
north and east via Beach Thorofare and Great Thorofare and from the south and east through
Great Egg Harbor Inlet and Broad Thorofare. The dominant freshwater input into this area stems
fromtwo major river sources that originate in the New Jersey Pinelands to forman 875- square
kilometer (338-square mile) area. These river sources are the Great Egg Harbor River and the
Tuckahoe River. The Great Egg Harbor River is a 95-kilometer (59-mile) long river that is tidal for
itslower22.5ri ver kil ometers (14 river miles) fromthe i
where it joins the Middle and Tuckahoe Rivers at the head of Great Egg Harbor Bay. Smaller
tributaries directly entering the estuary include the South River, Stephen Creek, Gibson Creek,
and Middle River from the south, and Babcock Creek, Gravelly Run, English Creek, Lakes Creek,
and Patcong Creek fromthe north. The Tuckahoe River istidal for a distance of 22 river kilometers
(13.5 river miles) upriver from the main stem of the Great Egg Harbor River (USFWS, 1997).
These waters empty into the Great Egg Harbor Bay estuary, which receives polyhaline tidal
waters from the Atlantic Ocean through the wide Great Egg Harbor Inlet. Peck Bay is connected
to the south end of Great Egg Harbor Bay, and is located west of Ocean City/Peck Beach.

The Cape May Water Management Area (WMA 16) includes many smaller shallow bays and
sounds that are inter-connected by an extensive system of tidal creeks and channels bounded by
extensive salt marshes. There are four inlets in this area that connect the Atlantic Ocean to these
bays. These inlets, from north to south, are Corson Inlet, Townsends Inlet, Hereford Inlet and
Cape May Inlet. The bays fromnorthto south are Corson Sound, Ludlam Bay, Townsend Sound,
Stites Sound, Great Sound, Jenkins Sound, Grassy Sound, Richardson Sound, Sunset Lake,
Jarvis Sound, and Cape May Harbor. There is a higher percentage of salt marsh in this wetland
complex than in the bays to the north. The Cape May lagoons have a small drainage area, with
most of the surface water in Cape May draining to the north into Great Egg Harbor estuary or to
the west into Delaware Bay, and only a few small tributaries emptying directly into the Cape May
lagoons (USFWS, 1997).
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4.8.7 Water Quality

Water quality is a primary determinant of habitat quality for fish and wildlife, and also affects
recreational opportunities in and the overall aesthetics of a water body. Water quality of the
coastal waters of the New Jersey Atlantic Coast is comparable to that of similar coastal water
bodies along the New York Bight and was indicative of similar coastal tidal river and estuary
complexes along the Mid-Atlantic coast (USFWS, 1997). NJDEP (2017) summarizes that the
coastal waters and estuaries of NJ were generally good for recreation and shellfish harvesting.
However, there remain some areas where dissolved oxygen does not meet water quality criteria,
whichis a concernrelative to aquatic life support particularly in Barnegat Bay. The quality of water
in this coastal region is dependent largely on the influence of the major coastal freshwater rivers
that flow into the bays that make up the study areareaches (e.g., the Mullica River empties in the
Great Bay). Other factors that influence water quality over time include tides, time of year, ocean
currentfluctuations, nutrient enrichment, water depth, biotic communities, and other temporal and
spatial variables. The results of prior studies conducted on the bays and estuaries within the study
area indicate that the water quality has historically been impacted by pollutants such as nutrients,
pathogens, heavy metals (cadmium, lead, and zinc) and fecal coliform bacteria. (USACE, 1998;
BBEP, 2001; Zimmer and Groppenbacher, 1999). As a result, habitat for fish and wildlife has
been degraded in many areas relative to historical pre-developed conditions. In recent years,
however, improvements in water quality have been seen in the region resulting from
implementation of the Clean Water Act, and state programs such as discharge permitting
programs, coupled with improvements in wastewater treatment technology.

The U.S. EPA maintains a web-based information system that allows the user to access pollution
information from a search based on a || ocality.
Wat er way 0 the&dlpBB CIRM IStudy area. Except for waters around Little Bay, Great

Bay, Little Egg Harbor, and Southern Barnegat Bay, most of the waters were designated as

polluted. These designations are based on State of NJ Water Quality Monitoring programs.

The NJBB CSRM Study area is within the Atlantic Coast Region (ACR) for water quality

monitoring, assessment, and management by the NJDEP. The Atlantic Coast Region is further
divided into smaller assessment units (AUbs) that
(HUC) 14 watershed level. Section 305(b) of the Clean Water Act requires states to report

attainment of designated water uses, including Aquatic Life i General, Aquatic Life i Trout,

Recreation, Water Supply, and Shellfish. A multitude of parameters are used to assess the water

quality and designated uses, including pathogens, nutrients, dissolved oxygen, and toxics. The

ACR consists of 293 AUs covering 2,962 square miles of the coastal region, 5,812 miles of

nontidal and tidal rivers, 6,632 acres of lakes/reservoirs, and 745 square miles of estuaries/bays

and ocean waters.Us e assessment results for the ACROG6s 293
that water quality is generally better in the ACR than water quality statewide. Both statewide and

ACR assessment results showed that public water supply and recreation uses had the highest

percentage of use support; moreover, the relative percentage of all AUs fully supporting

applicable designated useswas generally higherinthe ACR. Figure 16 shows the number of AUs

that fully support applicable designated uses in each Water Region. The ACR has the highest

number of fully supporteddesign at ed uses (274 AU/ use combinations
Regions, followed by Lower Delaware (156), Northwest/Upper Delaware (146), Raritan (100), and

Northeast (70) (NJDEP, 2017). Table 12 provides a breakdown of percentages of AUs that meet

and do not meet designated uses within the ACR.
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Figure 16: Number of AU's Fully Supporting Uses, Statewide (Source: NJDEP, 2017)

Table 12: Use Assessment Results for Atlantic Coastal Region (ACR), Number and Percentage of Assessment Units

(AUs)
Designated o I .
Uges Aquatic Life-General Aquatic Life-Trout Recreation
Scope # AUs % AUs # AUs % AUs # AUs % AUs
Full
Y 45 15% 2 12% 104 35%
Supporting
Not 0 0 o
. 184 63% 11 65% 76 26%
Supporting
Insufficient
) 64 22% 4 24% 113 39%
Information
Total AUs
. 293 17 293
Applicable
Not supportin
The predominant parameter iny appliesto trqut pathogenlc |mpa|rments in
. S maintenance waters in the heavily urbanized areas
causing aquatic life use .
. . : . freshwater Manasquan such as in Monmouth and
Notes: i mpairment i . .
N River, Toms River and Ocean County and new
unknowno, fol ) ) . .
and dissolved oxvaen Metedeconk River tributaries added in upper
ygen. watersheds. Barnegat Bay area and
beach closure data.
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Desdgggzted Water Supply Shellfish Harvest Fish Consumption
Scope # AUs % AUs # AUs % AUs # AUs % AUs
Fully 88 41% 35 27% 0 0%

Supporting

Not
. 59 28% 78 60% 84 29%

Supporting

Insufficient 67 31% 17 13% 209 71%

Information

Total AUs 214 130 203

Applicable

Notes: Water supply only appliesto | Only shellfish waters Mercury and PCB in fish

freshwater AUG. cl assi fied as|tssuearemajorcauses of
Impairments are assessed as fully use impairmentalthough,
predominantly dueto arsenic | supporting the designated PCB in fish tissue along the
concentrationsthat exceed use even though shellfish Atlantic Coastisnolonger
established human health may be harvested from on the 303(d) List because
criteriaeven though the shellfish waters thatare the waters from which the
arsenic is naturally seasonal and special fish contamination arose
occurring. restricted. are unknown. Other causes
of use impairmentfound in
fish tissue or subject to fish
advisories are DDT and its
metabolites, chlordane,
dioxin, dieldrinand benzo
(a) pyrene.

Section 303(d) of the Federal Clean Water Act requires TMDLSs (Total Maximum Daily Loads) to
be developedforthe pollutant(s) of concernin water bodies that cannot meet surface water quality
standards after the implementation of technology-based effluent limitations. Waters of the State
are regularly assessed to determine if surface water quality standards are attained. Waters that
do not meet the applicable standards are placed on the 303(d) List of Water Quality Limited
Waters (303(d) List). The 2014 303(d) List identifies 40 different causes of impairment for a total
of 1,958 assessment unit (AU)/pollutant combinations (some AUs are impaired by multiple
causes) statewide. Five of the top ten causes of water quality impairment (including total
phosphorus (TP) are associated with the aquatic life use. TMDLSs have been established where
74% of the use impairments were caused by pathogens, 56% of the use impairments by mercury,
and 35% of the use impairments caused by TP. Table 13 provides a list of impaired AUs within
each Watershed Management Area (WMA) within the ACR and demonstrates that the most
impairments are for Aquatic Life-General.
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Table 13: Number of Assessment Units (AUs) Listed within Each Watershed Management Area (WMA) within the
Atlantic Coastal region as Impaired on the 2014 303(d) List

Aquatic Life . Shellfish Fish
WMA General REEIEETE | e Sl Harvest Consumption
12
Monmouth 51 5 16 5 71
13 Barnegat 42 12 25 - 20
14 Mullica 50 - 18 - 34
15 Great Egg 39 ) 14 1 4
Harbor
16 Cape May 24 - 4 - 9
TOTAL AUs 206 17 77 6 138
Phosphorous,
DO, Cause
Unkn, TSS, PCB, Mercury,
o E. Coli A . PAHs, DDT and
Parameters: pH, Turbidity, - ol reenic, Total Coliform Metabolites,
Copper’ Nnrates EnterOCOCCUS MerCUI’y, Lead Chlordane,
Dieldrin, Dioxin,
4.8.7.1 Temperature and Salinity

The back bays generally exhibit the highest mean salinities and water temperatures within the
projectarea. The higher salinities reflectthe stronger influence of the ocean on dynamics of water
within these bays and the absence of a major freshwater river. Similarly, warmer mean
temperatures in this reach may also be accounted for by a stronger influence of oceanic (higher
salinity) waters during the winter months when freshwater influences are likely to lower
temperatures. Water temperature is driven primarily by seasonal shifts in weather and ambient
air temperature. Summer water temperatures of New Jersey coastal waters averages between
20°C and 30°C. During winter months the average water temperature ranges from 0°C and 10°C
(Zimmer and Groppenbacher, 1999). While these temperature ranges describe a majority of the
water bodies along the coast, variables such as water depth, productivity, mixing, and influx of
freshwater can all affect water temperaturesin habitats across the study area.

Salinity is another key water quality indicator as it can significantly affect aquatic community
structure in estuarine waters and related habitats. Salinity of coastal surface watersis driven both
by cyclical tidal shifts and the non-cyclical pulses of freshwaterflows from coastal rivers that empty
into the bays and estuaries along the coast. Other factorsinfluencingsalinity in an estuary include
evaporation, weather conditions affecting wind, distance from the mouth of the estuary, and river
basin geomorphology (Kennish, 1992). On average, the salinity of much of the coastal waters
ranges from 20-30 parts per thousand (ppt). However, similar to temperature, there is often a
seasonal shift in salinity in New Jerseyos
salinities down during spring months (Zimmer and Groppenbacher, 1999).
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4.8.7.2  Turbidity

Turbidity isa measure of the clarity of the water column, whichis a function of suspended particles
(Thurman, 1975) and is recorded as nephelometric turbidity units (NTUs). Turbid (cloudy) water
can be caused by natural conditions (e.g., tidal flushing and resultant suspension of sediments),
water from aquifer formations that is naturally elevated in total dissolved solids, or human
activities, such as the release of suspended particles in urban runoff or wastewater discharges
into the river. Asa generaltrend, turbidity is somewhat lower in the winter months when biological
productivity is lowest (Zimmer and Groppenbacher, 1999). Conversely high phytoplankton
biomass and production during the warmer months of the year contribute to elevated turbidity
readings. Other factors that may influence turbidity over the short term include storms, wind, and
rain supplying energy that causes erosional processes that entrain suspended particles. Turbidity
is also often elevated in areas near the mouth of estuaries, where tidal action and river flows result
in great mixing.

4.8.7.3 Dissolved Oxygen

Dissolved oxygen (DO) is one of the most important water quality parameters, as most biota
cannot survive without adequate DO levels. Dissolved oxygen concentrationsin the water column
are influenced by temperature, photosynthesis, respiration of aquatic life, aeration from physica
processes, amount of organic matter, and pollutant inputs (USEPA, 1986). Generally, DO is
highest in the winter months and lowest in summer months (Zimmer and Groppenbacher, 1999),
as its solubility increases when temperature decreases. DO can vary greatly over time within a
specific area due to changes in presence of other nutrients that stimulate productivity.
Furthermore, DO is highly dependent on salinity as the latter affects the solubility of oxygen in
water.

4.8.7.4 Nutrients

The level of nutrients in coastal waters as a measure of non-point source pollutionis among one
of the higher priority management issues for state and federal agencies (CBP, 2002). Two major
nutrients (nitrogen and phosphorus) are monitored in water quality studies, although they may
take many forms. Nitrogenis always present in aquatic systems although it exists in many forms
simultaneously as ammonia (NH4+), nitrate (NO3-), nitrite (NO2-), and urea. It is the availability
of the various nitrogen compounds that most influencesthe variety, abundance, and nutritiona
value of aquatic plants and eventually animals in an aquatic system (Goldman and Horne, 1983).

Many of New Jer sey6s demang highlnutriendloadimgs thaa megativelyx p e r
impact water quality and biotic communities. For example, high nutrient inputs (especially

nitrogen) can lead to a variety of adverse conditions (e.g., increased algal biomass and

production, toxic or nuisance algal blooms, elevated turbidity, loss of submerged aquatic

vegetation (SAV), exhausted DO levels, and a decline in biodiversity) that can severely impact

the water quality of an estuary (BBEP, 2001). Kennish (2010) descr i bes t hat t he
enrichment of the Barnegat Bay-Little Egg Harbor Estuary is closely linked to a series of cascading
environmental problems, notably increased growth of phytoplankton and benthic macroalgae

(including both harmful and nuisance forms), loss of SAV, and declining shellfish resources.

These problems have also led to deterioration of sediment and water quality, loss of biodiversity,
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and disruption of ecosystem health and function. Human uses of estuarine resources have also
been i mpaired. o

Many lagoonal estuaries with poor flushing and long residence times are more likely to retain
nutrients longer in the system, which could lead to higher primary production rates, thus becoming
more susceptible to eutrophication. Well-flushed estuaries demonstrate greater resilience to
nutrient loading attributed to reduced residence time and greater exchange with less impacted
coastal waters (Lancelot and Billen, 1984 as cited in Defne and Ganju, 2015). Barnegat Bay and
Little Egg Harbor (BB-LEH) estuaries are the most studied concerning hydrodynamic modeling
and residence times where Guo and Lordi (2000) estimated an average residence time at
Barnegat Inlet based on velocity and salinity as occurring between 24 and 74 days (depending
on season). Defne and Ganju (2015) performed systemic modeling using a combination of
hydrodynamic and particle tracking modeling of the BB- LEH estuaries to determine a mean
residence time of 13 days, but special variability was between 0 and 30 days depending on the
initial particle location. This modeling also demonstrated that there is a pronounced northward
subtidal flow from Little Egg Inlet in the south towards Point Pleasant Canal in the north attributed
to frictional effects in the inlets. This effectresulted in better flushing of the southern half of the
estuary and more particle retention (poor flushing) in the northern estuary.

4.8.8 Plankton

Plankton are collectively a group of interacting minute organisms adrift in the water column.
Plankton are commonly broken into two main categories (with some exceptions): phytoplankton
(plant kingdom) and zooplankton (animal kingdom), and both formthe base of the food web in
aquatic ecosystems. Phytoplankton are the primary producers in the aquatic freshwater,
estuarine, and marine ecosystems, and are assimilated by higher organisms in the food chain.
Phytoplankton production is dependenton light penetration, available nutrients, temperature, and
wind stress. Phytoplankton production is generally highest in nearshore coastal waters.
Seasonal shifts in species dominance of phytoplankton are frequent. Phytoplankton can be
broken down into two major seasonal species associations. One is a spring-summer
dinoflagellate dominated regime. October and November are periods of transition in the
phytoplankton community. A second regime exists during the winter, which is predominanty
diatoms. A two year baseline surveyin Barnegat Bay and Little Egg Harbor reported that the most
common phytoplankton species belonged to five major groups: diatoms (Bacillariophyceae),
dinoflagellates (Dinophyceae), cryptophytes (Cryptophyceae), chlorophytes (Chlorophyceae),
and chrysophytes (Chrysophyceae). Of these groups, diatoms made up approximately 50% of
the total number of taxa, followed by dinoflagellates (Ren, 2015).

4.8.8.1 Zooplankton

Zooplankton provide an essential trophic link between primary producers and higher organisms.
Zooplankton represent the animals (vertebrates and invertebrates) that are adrift in the water
column, and are generally unable to move against major ocean currents. Many organisms may
be zooplankton for their entire lifecycle (holoplankton), or at early stages in their respective life
cycles (meroplankton) only to be able to swim against the currents (nektonic) in alater life stage,
or become part of the benthic community. Zooplankton are generally either microscopic or barely
visible to the naked eye. Zooplankton typically exhibit diurnal vertical migrations and seasonal
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variances in species abundance and distribution, which may be attributed to temperature, salinity,
and food availability. In marine environments, seasonal peaks in abundance of zooplankton
distinctly correlate with seasonal phytoplankton peaks. These peaks usually occur in the spring
and fall. Zooplankton species that are characteristic of coastal areas include: Acartia tonsa,
Centropages humatus, C. furatus, Temora longicornis, Tortanus discaudatus, Eucalanus pileatus,
Mysidopsis bigelowi (mysid shrimp), and Crangon septemspinosa (sand shrimp). Zooplankton
species within the geographic area generally fall within two seasonal groups. The copepod,
Acartia clausi, is a dominant species during winter-spring, and is replaced in spring by A. tonsa.
Peak densities usually occur in late spring to early summer following the phytoplankton bloom.

Howson (2016) reports that the zooplankton community in Barnegat Bay is characterized by
strong spatial, seasonal and interannual trends in abundance and diversity. Spatial variability is
most apparent between the northern and southern sections of the bay, with a characteristic suite
of taxa and water quality parameters associated with each area. The northern bay was
characterized by higher nitrogen and chlorophyll @ high abundances of copepods, ctenophores,
and barnacle larvae, and the lowest species diversity of zooplankton and ichthyoplankton in the
bay; whereas species diversity of both zooplankton and ichthyoplankton were higherin the lower
bay.

4.8.8.2 Harmful Algal Blooms (HABs) and Bay Nettles

Excessive phytoplankton blooms in the NJBB are attributed to eutrophication of the waters in the
bays stemming from excessive nutrients and poor flushing. Excessive growth of some
phytoplankton species can generate harmful algal blooms (HABs), an increasing phenomenon
worldwide, which are characterized based on their pigments as brown, yellow, and red tides.
HABs can cause numerous ecological and/or human health problems due to the toxins produced
by certain species and/or their potential bioaccumulation in the food web, or may cause hypoxia
in the water column due to their decay and degradation (Gastrich, 2000). Toxic forms that are
particularly dangerous to numerous organismsinclude macroalgae, shellfish, finfish,and humans.
Secondary impacts of algal blooms include shading of benthic habitats, altered grazing patterns,
and changes in trophic dynamics that are detrimental to estuarine function. HAB-forming species
that have been recorded in the Barnegat Bay-Little Egg Harbor estuary, include Aureococcus
anophagefferens, Dinophysis spp., Gymnodinium (Karlodinium) spp., Heterosigma sp., Pseudo-
nitzschia sp. and Prorocentrum spp. (BBP, 2016).

Brown-tide blooms caused by the minute algal species, Aureococcus anophagefferens
(Pelagophyceae), were first reported in New Jersey coastal bays in 1988. These blooms have
typically been observed in dry years. A brown tide algal bloom can discolor the water brown and
may cause negative impacts on shellfish, such as the ecologically and commercially important
hard clam and scallop, as well as on seagrasses. Adverse shellfish impacts include a reduction
in the growth of juvenile and adult hard clams and mussels, reduced feeding rates of adult hard
clams and other shellfish, recruitment failures, and increased mortality of bay scallops. The dense
shading of benthic habitats caused by these blooms may also contribute to the loss of seagrass
beds, which serve as important habitat for finfish and shellfish (BBP, 2016).

Each summer, the New Jersey DEP Bureau of Marine Water Monitoring monitors for
concentrations of chlorophyll @&(an indicator to determine the amount of algal biomass present)
i n New Jer s ey 06 Sinceanlarsphydl @biswa plantepigreent, high levels of chlorophyll
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@din the water are typically associated with an algal bloom. To detect potential blooms, an
airplane equipped with a remote sensor flies six days a week during clear, summer weather
conditions over coastal NJ. These flights produce estimated chlorophyll @dconcentrations that
are made available for viewing through an interactive map. Developing algal blooms are
monitored through this tool and Marine Water Monitoring will strategically deploy field staff to
locations of concern. Samples are collected and brought back to the bureau laboratory for
analysis to determine if a HAB species is present. Additionally, the phytoplankton-monitoring
program provides surveillance of shellfish growing areas for possible toxin-producing algal
species. A station network of over 45 sites is monitored for chlorophyll @b multiple times
throughout the year. In addition, these samples are closely evaluated to determine if the
concentration of any toxic algal species is present and at an unsafe level (retrieved from
https://www.nj.gov/dep/bmw/phytoplankton.htm#/ on 12/20/2018). Through NJDEP and the
Barnegat Bay Partnership, Barnegat Bay, Little Egg Harbor and Manahawkin Bay are regularly
monitored to indicate if an algal bloom is occurring. Several years of monitoring demonstrates
that overall chlorophyll @6 concentrations are highest in the Barnegat Bay segment (generally
from Barnegat Inlet in the south to the Metedeconk River in the north), but the blooms were
generally localized (BBP, 2016).

Bay nettles (Chrysaora chesapeakei) are a stinging jellyfish that have become increasingly
prevalent, and a nuisance, in Barnegat Bay and other coastal waterways in New Jersey. They
can greatly affect recreational activities that involve human contact with the water where people
can be stung by their tentacles. It is believed that sea nettle blooms are greatly influenced by a
number of factors such as increases in the presence of manmade structures (pilings, floating
docks, and bulkheads), which allow for a suitable substrate for the polyps to attach. Salinity can
affect their populations where they prefer a narrow salinity range in lower salinity areas. A dry
year or certain human activities that affect water use can affect their abundance and distribution
in the bays. Other factors believed to contribute to increases in sea nettles are climate change
(increases in temperature), eutrophication, and overfishing
(https://www.barnegatbaypartnership.org/protect/threats-to-barnegat-bay/jellyfish/sea-nettles/
accessed on 1/4/2019).

4.8.9 Submerged Aguatic Vegetation

The New Jersey Back Bays contain a number of submerged aquatic vegetation and macroalgae
species that occur in beds in the shallow lagoonal systems west of the barrier islands (Figure 17
to 20). A number of species of macroalgae can be found in various back bay habitats including
jetties, sand beaches, enclosed bays, and tidal creeks. The productivity is primarily seasonal with
the densest population occurring in June through August. Distribution and abundance of algae is
closelyrelated to seasonaltemperature, salinity variations and nutrient levels coming fromtributary
streams. The predominant benthic algae are Rhodophyta (red algae) while Chlorophyta (green
algae) comprise the largest number of intertidal algae species. Phaeophyta (brown algae) such as
rockweed (Fucus spp.) may be found attached or floating free around rock jetties and pilings or
washed onto the shore to make up part of the wrack line. Other common algae species include
sea lettuce (Ulva lactuca), spaghetti grass (Codium fragile) and Gracilaria sp., a red alga that
grows unattached among seagrass beds (Good, et al., 1978). Eutrophication can influence the
abundance of some macroalgae where excessive growth of sea lettuce, and the Rhodophytes:
Agardhiella subulata, Ceramium spp., and Gracilaria tikvahiae can form extensive organic mats
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that can be detrimental to essential estuarine habitats such as seagrass beds (Kennish et. al
2010).

Submerged aquatic vegetation (SAV) and/ or fiseagr a
Jersey Back Bay estuarine system, and are an essential food for anumber of waterfowl species,
habitat for finfish, shellfish and a number of other invertebrates, and provide sediment
stabilization. SAV are rooted vascular flowering plants that exist within the photic zone of shallow
bays, ponds, and rivers. The Barnegat Bay i Little Egg Harbor Estuary have the most extensive
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Historic Submerged Aquatic Vegetation

Manasquan Inlet
Bed Mapping

2009 Barnegat Bay to
Little Egg Harbor SAV Mapping
(http://crssa.rutgers.edu/projects/coastal/sav)
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1979 SAV/Macroalgae
Mapping (Macomber & Allen, 1979)
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Figure 17: Historic Extents of Submerged Aquatic Vegetation and Macroalgae Beds of Barnegat Bay from
Manasquan Inlet to Barnegat Inlet
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Figure 18: Historic Extents of Submerged Aquatic Vegetation and Macroalgae Beds of Barnegat Bay and Little Egg
Harbor from Barnegat Inlet to Little Egg Inlet
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Figure 19: Historic Extents of Submerged Aquatic Vegetation and Macroalgae Beds from Little Egg Inlet to Corson
Inlet
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Figure 20: Historic Extents of Submerged Aquatic Vegetation and Macroalgae Beds from Corson Inlet to Cape May
Inlet
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