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Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Executive Summary
1. Study Information

Study Authority : Construction of the Federal navigation channel to its current dimensions was
originally authorized as three separate projects by the Water Resources Development Acts of
1986 (WRDA 86) Public Law 9862 and 1996 (WRDA 96) Public Law 1:303. Public Law
105-62, The Energy and Water Development Appropriations Act of 1998, combined the
Wilmington Harbor Northeast Cape Fear River Project (WRDA 1986), the Wilmington Harbor
Channel Widening Project (WRDA 1996), and the Cape -Reastheast (Cape Fear) Rivers
Project (WRDA 1996) under a single project known as the Wilmington Harbor 96 Act Project.

This study of potential navigation improvements to Wi#gmington Harbor Federal navigation
channel leading from the Atlantic Ocean to the PortWilimington, North Caraha has been
prepared by the North Carolina State Ports Authority (NCSPA) under the authority granted by
Section 203 of Water Resources Development Act (WRDA) of 1986 (P-669p as amended.

Study Sponsor_: The nonFederalinterest isthe State of NorthCaroling acting through the
North Carolina State Ports Authority (NCSPA)

Study Purpose and Scope : The NCSPA has conducted this Section 203 study to determine
the feasibility of improvements to the Federal navigation project at Wilmington Harbor. The
purpose of this study is to identify and evaluate alternatives to increase transportation
efficiencies for the current and future fleet of container vessels operating at the Port of
Wilmington and to improve overall conditions for vessel operations anty safe

Since the last major channel improvements were completed by the Corps of Engineers in 2002,
the Port of Wilmington has experienced significant growth in cargo volume, and in the size of
vessels calling at the port. Over the intervening years, the NO8® made major investments

in landside infrastructure to accommodate growth at the Port of Wilmington and the region that it
serves. At the present time, the Port of Wilmington is the largest port in North Carolina and is a
maj or ¢ 0 mp o n esnetonomyThet NCSPA & tciarendybimplementing Master Plan
recommendations valued at $240 million for yard, gate tamdinaloperations improvements to
increase annual throughput capacity to 1 million TEUs per. year

Inadequate channel capacity currenilyjpacts transportation efficiencyat the Port of
Wilmington and is projected to have a greater detrimental impact in the future, providing the
impetus for the NCSPA to conduct this Section 203 study. Pursuant to Section 203 of WRDA
1986, this study is iended to determine the feasibilibf the project and whether there is a
Federal interest sufficient for Federal participation and Congressional authorization of
improvements tdhe federal Wilmington Harbor navigation channel, consistent with the federal
objective of maximizing contributions to National Economic Development (NED), and
consistent with protecting the nationdbds envir

Project Location/Congressional District __: The Port of Wilmington, in southeastern North
Carolina, is approximately 28 mdeup the Cape Fear River from the Atlantic Ocean. The Cape
Fear River borders Brunswick County to the west and New Hanover County to the east. The Port
has excellent intermodal transportation connections. Interstate Highway 40 connects Wilmington
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with the state capital Raleigh, and to Interstate 95. State highway 74 and Interstate highway 74
connect the port to Charlotte, the stateds mo
Port of Wilmington directly to intermodal transfer facilities in Cb#d. The Port of Wilmington

is also connected to the CSX Carolina Connector rail hub. The project is located fh the 7
Congressional District of North Carolina

Prior Reports and Existing Water Projects __: The federal channel from the Atlantic Ocean

to Wilmington has been incrementally improved for more than 100 years (USACE 1996). Over
that time many reports have been developed. The most recent reports include the three reports
combined by the Energy and Water Development Appropriations Act of 199& istogle

project known as the Wilmington Harbor 96 Act Project:

1 U.S. Army Engineer District, Wilmington. 1990. Final Supplement to the Final
Environmental Impact Statement for Wilmington HarbioNortheast Cape Fear
River, North Carolina. February 1996.

1 Interim Feasibility Report and Environmental Impact Statement on Improvement of
Navigation, Wilmington Harbor Channel WideningSACE Wilmington District,
March 1994. The recommended plan consists of widening the channel from 400 feet
to 600 feetforalegt h of 6.2 miles to provide a pa
dated 24 June 1994. The work was completed in 2003.

1 Final Feasibility Report and Environmental Impact Statement on Improvement of
Navigation, Cape Feai Northeast Cape Fear Rivers Commesive Study,
Wilmington, North Caroling USACE Wilmington District, June 1996. The
recommended plan consists of:

o0 Deepening the channel from the Atlantic Ocean to Wilmington from a depth of
38 feet to a depth of 42 feet, including the Anchorage Basimgalwith
deepening the ocean bar channel from 40 to 44 feet;

o Deepening the 3ot and 25foot channel reaches in the upriver portion of the
harbor to 38 feet and 34 feet, respectively; along with widening the channel
from the existing width of 200 feet 250 feet; and

o0 Deepening the Turning Basin at the upper project limit in the Northeast Cape
Fear River from 25 to 34 feet; along with widening the upper Turning Basin
from 700 to 800 feet.

The Chiefds Report i's dated O&Casepar Bemoralr 199
Bridge was completed in 2003The remaining authorized improvements from @epe Fear

Memorial Bridgeto the upper project limit (deepening thef8dt and 25foot channel reaches in

the upriver portion of the harbor) were deferde to a marginal cost to benefit ratio.

In 2011, USACE developed a Reconnaissance Report (Section 905(b) Report), which
recommended that a Feasibility Study for additional improvements be performed. The
Feasibility Study (2018) recommended realignménthe Entrance Channel, widening of the
Battery Island channel, and assorted modifications that increase the radius of the turn at Battery
Island.
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1 Section 905 (b) Analysis Wilmington Harbor Navigation Improvements, New
Hanover and Brunswick Counties, No@aroling USACE Wilmington District,
April 2011. The section 905 (b) analysis recommended that the Wilmington Harbor
Navigation Improvement study proceed into the feasibility phase only for channel
widening, turning basin enlargement, and other modi@inatat the existing project
depth.

1 FEinal Integrated Feasibility Report and Environmental Assessment Wilmington
Harbor Navigation Improvements SACE Wilmington District, October 2018. The
recommended plan combines the following components to increageditable
turning radius of the Battery Island turn from 2,850 feet to 3,908 feet

0 Realignment of the Entrance Channel reach 1 westward away from a shoal that
forms to the east of the channel;

o Widen Battery Island channel from 500 feet to 750 feet;

o Provide additional tapers where Southport and Lower Swash channel join
Battery Island Channel; and

o Provide a 750 feewide by 1,300 feet long cutoff between Battery Island
channel and Lower Swash channel.

In addition, a previous draft version of this report weasewedby the Office of the Secretary of

the Army for Civil Works (OASACW) and the Headquarters, US Army Corps of Engineers
(USACE) staffand by the USACE Wilmington Districtndependent peer review of technical
work products was also performed for eooncs, cost engineering, hydrodynamic modeling,
and ship simulation modeling. Reviewer comments and responses are provided in Appendix S:
Quality Control Report. Compliance with federal statutes, such as the National Environmental
Policy Act (NEPA), theEndangered Species Act, and other federal environmental, cultural, and
historic resource statutes will be completed by USACE if the ASA(CW) determines thaisthere

a Federal interest sufficient for Federal participation and Congress authorizes imprgviement
the Federal Wilmington Harbor navigation channel

Federal Interest : This Section 203 Integrated Feasibility Study and Environmental Report
supports the federal interest in the Wilmington Harbor Navigation Improvement Project based on
$51.3 million aveage annual equivalent net National Economic Development benefits resulting
from transportation cost savings.

2. Study Objectives

Problems and Opportunities _: The problem addressed by this analysis is thaivldéh and

depth of the Federal channel \Atilmington Harbor cause transportation inefficiencies for the
existing and projected future containership fl&éte projected future fleet includes vessels with
dimensions of 138,000 dead weight tons, 1,200 feet length overall, 158 feet beam, and 50 feet

! Note that the design vessel for the October 2018 study is the same design vessel used in the 1996 report, which
supported the recommended plan constructed in 2003. That design vessel is substantially smaller than the design
vessel for this study.
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draft. The existing channel was designed for a vessel with 65,000 dead weight tons, 965 feet
length overall, 106 feet beam and 40 feet draft.

The ongoing i mpl ement at i ona tad ofmote ¢hanFB2 millions Ma st
in container yard,reefer yard, truck gate, and intermodal yard improvements. These
improvements enable the container terminal the Port of Wilmington to handle the projected
future containership fleet Opportunities forincreased transportation efficiencies due to
improvenents to the Federal navigation channelude:

1 Allow existing and projected future cargo vessels to have less restricted access to
berths and terminals, reducing delays and increasing the efficiency of port operations;

Allow existing and projected futuigargo vessels to be loaded more efficiently;

Allow larger cargo vessels to be used that can deliver more cargo at lower unit costs;
and

1 Achieve the full capability and efficiency of terminal and infrastructure
improvements at the Port of Wilmington

Planni ng Objectives : The primary planning goal for this study is to recommend a plan for
Wilmington Harborthat contributes to the Federal objective, which ictmtribute to national
economic developmefNED)c onsi st ent with pr ot etcpursuangtot he n
national environmental statutes, applicable executive orders, and other Federal planning
requirementsContributions to NED are the direct net economic benefits that accrue in the
planning area and in the rest of the nation. NED benefitddep draft navigation projects are
calculated as the transportation cost savings that typically result from improvements to general
navigation features, such as channels, dredged material disposal facilities, turning basins, etc.
Transportation cost sa\gs are calculated as reductions in the cost of transporting goods from
their ultimate origin to their ultimate destinatjorconsistent with theEconomic and
Environmental Principles and Guidelines for Water and Related Land Resources Implementation
Studies(U.S. Water Resources Council, 10 May 1983).

In addition to the Federal objective, projsgiecific planning objectives have been identified,

and these objectives guided the plan formulation process in this study. Based on the problems
posed by channel miensions and the opportunities available through channel improvements, the
following planning objectives have been established to assist in the development of management
measures and evaluation of alternative plans:

Planning Objective 1: Contribute to NEDby reduang origin to destination
transportation costat the Port of Wilmington from 2027 to 2076

Planning Objective 2: Contribute to NED by reducing trucking milasd trucking costs
for thePort of Wilmingtod s  h i nt e frdm&02d to 20@pang o ,

Planning Objective 3: Contribute to NED by reducing waterborne transportation costs
at the Wilmington Harbor Federal navigation project by accommodating the transit of
larger and more efficient vesseisgm 2027 to 2076.

Planning Constraints _: In addtion to the typical general constraints which impact the
planning process, this analysis was also impacted by a set of project specific conStiases.
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planning constraints restrict the set of alternative plans developed and also influence the
technica investigations conducted during the analysi€onstraints on the formulation of
alternatives include:

1 Awvoid impacts to groundwater resources;

1 Avoid impacts to existing waterfront infrastructure;
1 Avoid impacts to marine facilities at MOTSU,;
1

Avoid or minimize impacts to recreational boaters and commercial fishing vessels
using the channel; and

1 Avoid or minimize impacts to natural and historic resources within the study area.

3. Alternatives

Plan Formulation Rationale : This study used the sanmeojectspeific planning criteria
used in USACE project planningp the extent possible by a nbederal interestgs guided by
the Principles and Guidelines (1983), the Planning Guidance Notebook, ER-100522 Apr
2000), and The National Environmental Poliggt (NEPA) of 1969, and Procedures for
Implementing NEPA, ER 208-2 (4 Mar 1988).The Technical Working Groups, including
Federal and state agencies have assisted in the developmeeatuattion criteria for this study

In addition, reviewer commentsofm all sources have greatly improved the plan formulation
process.

Management Measure Identification _and Evaluation . Management measures were
developed with information gathered during discussions and interviews with Port of Wilmington
operations and management personnel, Cape Fear River Pilots Association, terminal operators,
shipping agents, and tugboat operators thatkwin Wilmington Harbor. Several management
measures were identified to address the naviga&tated problems atVilmington Harbor
including nonstructural measurefycal service facility improvementand structural measures

that modifythe Federallyauthorized channel.

Each measure was screened to determine if the measure should be retained for further, more
detail ed, evaluation. Screening was based on
effectiveness, efficiency, technical feasibility, aacteptability metrics Note that none of the

measures in question would be able to realize all the planning objectives and therefore a
completeness metric was not developed. The management measures advanced for more detailed
evaluation would be combinedto preliminary alternatives prior to additional evaluation.
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Table ES-1
Objectives 7 Measures Matrix

Non-Structural Effectiveness  Efficiency Tech'm.c'al Acceptability Total Retained
Measures Feasibility

Reduce vessel 1 1 5 3 7 NoO
speed

Addltlonal tug 1 1 5 3 7 NoO
assistance

Relc_)cat_e aids to 1 1 3 2 7 No
navigation

Tidal advantage 2 3 3 3 11 Yes
Lightering 1 1 1 1 4 No
Structural . - Technical o .
Measures Effectiveness  Efficiency Feasibility Acceptability Total Retained
Channel deepening 3 3 3 2 11 Yes
Stepped channel 1 1 3 2 7 No
Turning basin

expansion 1 1 3 1 6 No
Turmng_ basin 3 3 3 2 11 Yes
deepening

Anchorage basin 1 1 3 2 7 No
Channel widening to

reduce navigation 3 3 3 2 11 Yes
restrictions

Channel widening to
accommodate 1 1 3 2 7 No
vessel meeting

Local Service

Facility Effectiveness  Efficiency TeCh.n'.C.al Acceptability Total Retained
Feasibility

Improvements

Container terminal 1 1 3 2 7 No

improvements

Relocate cargo 1 1 3 1 6 No

terminals

Berth deepening 3 3 3 3 12 Yes

Bulk terminal 1 1 3 2 7 No

improvements

Breakbulk/General 1 1 3 2 7 No

cargo improvements

Array of Alternatives : The measures identified for further evaluation may be implemented
individually or in combination. Under withoutproject conditions (No Action Plan) the most
efficient containership that could call at the Port of Wilmington would be a PPX3 vessel
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operating with draft restrictions (Row 1 in Table -ESelow). Channel widening may be
implemented individué or in combination with project deepening. Channel widening
implemented as an individual alternative would allow the design véRBB&3Max)to use the
channel on a regular basis, but the design vegseld be operating with draft restrictio(Row

2). All three elements of deepening the existing project (channel deepening, turning basin
deepening, and berth deepening) are required for deepening to be eftagtiwéthout channel
widening the most efficient vessel would be a PPX3 (RoW3¢ combinabn of deepening and
widening allows the design vessel to operate in the channel and load more fully based on the
depth of the alternativéRow4). Use of tidal advantage is assumed to be implemented in
combination with all alternatives.

The combination ofvidening and deepening reduces transportation costs per TEU more than
either widening or deepening reduces transportation costs individually. Therefore, the
combination of widening and deepening is forwarded for more detailed evaluation

Table ES-2
Weighted Average Unit Costs ($/TEU/1,000 miles) for Structural Measures

Channel Depth

Row  Measures (Vessel Class)

42 44 45 46 47 48
1 W/out Project (PPX3) $51.51
2 Widening Only (PPX3Max) $47.45
3 Deepening Only (PPX3) - $46.49 $44.25 $42.20 $39.37 $37.95
4 Widening & Deepening (PPX3Max) - $43.06 $41.10 $39.27 $36.62 $35.23

Final Array of Alternatives : The alternatives that are the most effective in reducing unit
transportation costs are alternatives that combine channel widening to allow regular transit of the
design vessel and channel, turning basin, and berth deepening to allow greater vesseaj operatin
drafts. Note that berth deepening is a local service facility improvement that is the responsibility
of the NCSPA and not a component of Hesleral General Navigation Features. The amount of
channel widening was determined by ship simulation modelitigeoflesign vessel and does not
change appreciably for any of the action alternatives therefbee action alternatives are
identified by their incremental project depth:

1 No Action Alternativei no improvements are made to the federal channel and economic
conditions are described by the withqubject condition;

1 44-foot Alternativei The channel, turning basin, and container terminal berths are
deepened te44 feet, the entrance channel is deepened@deet and extended to meet
project depth, the chaehis widened to accommodate the design vessel based on
requirements identified in ship simulation modeling;

1 45foot Alternativei The channel, turning basin, and container terminal berths are
deepened te45 feet, the entrance channel is deepenedideet and extended to meet
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project depth, the channel is widened to accommodate the design vessel based on
requirements identified in ship simulation modeling;

1 46-foot Alternativei The channel, turning basin, and container terminal berths are
deepened te46 feet, the entrance channel is deepened&deet and extended to meet
project depth, the channel is widened to accommodate the design vessel based on
requirements identified in ship simulation modeling;

1 47-foot Alternativei The channel, turning basimnd container terminal berths are
deepened te47 feet, the entrance channel is deepenedQdeet and extended to meet
project depth, the channel is widened to accommodate the design vessel based on
requirements identified in ship simulation modeliagd

1 48foot Alternativei The channel, turning basin, and container terminal berths are
deepened te48 feet, the entrance channel is deepene8Qdeet and extended to meet
project depth, the channel is widened to accommodate the design vessel based on
requirements identified in ship simulation modeling.

Alternative project depth increments start4d feet because there is no ffederal interest in a
onefoot deepening resulting in &3-foot channel. Alternative project depth increments are
truncatedat -48 feet because at this depth vessel operating drafts at Wilmington would be
constrained at the same level as vessel operating drafts at the prior and next US ports on the two
containership services projected to deploy PPX3Max vessels under wotbf@dt and with

project conditions. A channel deeper th48 feet would not be expected to provide appreciable
additional benefits because vessel operating drafts would be constrained by depths at the prior
and next US ports on the two services (Bosti@nfeet, Savannah and Jacksonwll& feet).

Dredging quantities (TableS-3) were calculated based on the channel configuratiemsloped
through ship simulation modelindgdredging insitu volumes are based on the required dredge
depth, which consists dhe proposed channel dimensions and afooerock buffer in areas
where rock is encountered. Two feet of allowable alapth has been included in the project
volume estimates. Dredging quantities and costs in TE®@include local service facilitydrth
dredging to project depth. Dredging costs include mobilization aimdalization costs.

Table ES-3
Dredged Material Construction Volumes (cy) and Costs ($FY20)

Dredging Quantities

Project Depth Rock Non-Rock Total Quantity Total Cost
-44 1,315,653 12,156,737 13,472,390 $285,626,229
-45 2,266,484 15,665,991 17,932,475 $373,528,298
-46 3,217,315 19,175,245 22,392,560 $461,430,367
-47 4,168,146 22,684,499 26,852,645 $549,332,436
-48 5,826,091 26,550,219 32,376,311 $670,853,654
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There areno utility relocations required for the project however, there are two inactivenicur
pipelines at a depth of ~47 feet MLLW that need to be removed and one adiivehsixe is at

a depth of ~49 feet MLLW that needs to be relocated. Pursuant tior6#061(a) of the Water
Resources Development Act of 1986 (WRDA 86), as amended, th&eummal Sponsor is
responsible for performing, or assuring the performance, of all relocations, including utility
relocations, which are necessary for the navigaiimprovement project. All relocations,
including utility relocations, are to be accomplished at no cost to the Federal Government. The
estimated cost of one simch pipeline relocation is $2,000,000. This cost is included in the
project cost as a 100% néederal expense and the nBaderal Sponsor will receive equivalent
credit toward its additional 10 percent cash payment required by Section 101(a)(4) of WRDA 86.

The two fourinch pipelines do not need to be relocated because they are no longer a@ive. Th
nonFederal Sponsor has contacted the owner to reach a determination as to whether the owner
has an interest in the existing line for which compensation is owed by tHeedenal Sponsor.

If the owner has a compensable interest, the Feateral Sponsogs part of its requirement to
provide lands, easements, and righitsvay required for the navigation improvement project,

will be responsible for acquiring this interest, at no cost to the Federal Government. At this time,

it appears that there is no cpemsable interest in these pipelines.

Comparison of the Final Array of Alternatives: _ Each alternativés evaluated with respect

to their effects on the four accounts (NED, Regional Economic Development, Other Social
Effects, and Environmental Quality). TiRegional Economic Development account evaluation

is based on effects to regional revenues, employment, and wages. The Other Social Effects
account is not projected to be affected in any substantial way and further evaluation is deferred to
development ofthe DEIS, which will include the benefit of additional public involvement.
Effects to the Environmental Quality account were evaluated for each alternative based on
projected impacts to 35 categories of resources. The resulting impacts informed theesbgegcti

the preliminary mitigation, monitoring, and adaptive management plan.

The following presentation of alternative plan costs, benefits, and net benefits addresses effect on
the NED account. Note that interest during construction (IDC) was calculsiegl the FY20
federal discount rate (2.75%).
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Table ES-4
Alternative Plan Costs with Contingency at 21.4% (FY2020 Dollars)

Cost Item -44 feet -45 feet -46 feet -47 feet -48 feet

Land $14,568,000 $25,470,000 $25,470,000 $25,470,000 $34,575,000
Relocations $2,792,000 $2,792,000 $2,792,000 $2,792,000 $2,792,000
Dredging $346,046,000  $452,055,000  $558,768,000  $665,129,000 $812,304,000
ATON $10,531,000 $10,531,000 $10,531,000 $10,531,000 $10,531,000
LSF Berths $704,000 $1,056,000 $1,408,000 $1,760,000 $2,112,000
Const. Mgt. $13,111,000 $13,111,000 $13,111,000 $13,111,000 $16,389,000
PED $25,615,000 $25,615,000 $25,615,000 $25,615,000 $25,615,000
Mitigation $40,426,000 $44,918,000 $71,869,000 $89,836,000 $112,295,000
Monitoring $12,140,000 $12,140,000 $12,140,000 $12,140,000 $12,140,000
IDC $19,228,000 $26,059,000 $31,810,000 $37,287,000 $54,290,000
Total $485,161,000  $613,747,000 $753,514,000 $883,671,000 $1,083,043,000

The projected future commodity tonnage and the projected future fleet are the same under

without- and withproject conditions. Under future witheptoject conditions the high cost to
the carriers imposed by vessel operating constraints at the Portmoingfibn cause the two Asia
servicestobyp as s
and exporters are projected use Savannah as an alternative port underpritjeatitconditions
(a sensitivity analysis is performedatincludes Charleston and Savannah as the wirojgct

condition ports).

Under withproject conditions, which incrementally increase vessel operational efficiency at
Wilmington, the port shift projected to occur is based on the demand for trangpose@tvices

at the Port of Wilmington. This demand is represented by a willingogsay schedule for the
Wil mingtoné6s
without-project conditions. The willingnege-pay (demand)schedule identifies the potential
transportation
export TEU that would have used Savannah under wiiaject conditions. TEUs from each

Port of Wilmington hinterland origior destination were ranked by total potential savings from
greatest savings to no savings (indifferent to using Wilmington or Savannah) and shifted from
Savannah to Wilmington in order of potential savings. In this manner, TEUs with the highest
potential svings (highest willingnes®-pay) were the first boxes to shift to Wilmington
followed by boxes with the next highest potential savings and so on until the potential for
savings had been exhausted (FigurellES The demand schedule was developed frtERB

Port
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Demand Schedule for Asia Import and Export Cargo at
the Port of Wilmington

$6,000,000
$5,000,000

$4,000,000

$3,000,000
$2,000,000
$1,000,000 I I
$0
43 44 45 46 47 48

Project Depth (Feet below MLLW)

Potential Landside Transportation Cost Savings

Figure ES -1
Demand Schedule for Asia Import and Export Cargo at the Port of Wilmington

The boxes with the highest potential savings (potential consumer surplus) would be the first
boxes to shift to the vessel capacity made available by the additional project depth, based on the
standard economic assumption of resource allocation to theshigddae. At each project depth

i ncrement more of the Port of Wi I mingtonds hi
of Wilmington and less of that cargo is using Savannah. The incremental shift in cargo to
Wilmington results in fewer truckmal s from t he Port of Wil mingto
At each project depth increment, the reduction in truck hauls to Savannah and total miles
traveled also reduces total landside transportation cNst® that waterborne transportation

costs increas as more cargo shifts to Wilmington because there is a slight increase in the
distance traveled by ships adding Wilmington to the port rotattagure ES2 presents a
summary oflandside and waterbortnsportation costs at incremental project depths
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Total Transportation Costs AAEQ
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H Landside Costs (AAEQ) m Waterborne Cost (AAEQ)
Figure ES -2

Total Transportation Costs at Incremental Project Depths

3. Tentatively Selected Plan

Plan Selection 1 _NED Plan: The Planning Guidance Notebook (PGN) states that:

91 for all project purposes, except ecosystem restoration, the NED Plan shall be the
recommended plan, and

M the NED Plan is defined as nAthe alternatiyv
benefits consistent with ABACER@Opaged). t he Na

Although the largest net benefits accrue to #&foot plan (Figure ESS and Table ES), it

requires $199.4 million more in construction costs than4fidoot plan to generate $1.3 million

more in average annual equivalent benefits. The-47-foot plan by comparison, requires

$130.2 million more in construction costs than-#@foot plan to generate $4.8 million more in

average annual equivalent benefits. The relatively small and costly incremental increase in net
benefitsprovided by-48-foot plan indicates that the next smallest plan,-#t¥efoot plan, is the

pl an that reasonably maximizes net economi c |
environment. The Tentatively Selected Plan is#7efoot plan, the NB Plan.
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Project Costs and Benefits (AAEQ)
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AAEQ Total Cost ===AAEQ Total Benefits AAEQ Net Benefits

Figure ES-3
Project Costs, Benefits, and Net Benefits at Incremental Project Depths

Table ES-5
Project Net Benefits (FY2020 Dollars and Discount Rate)
Depth AAEQ Total AAEQ Total AAEQ _Net Benefit/_Cost

Cost Benefits Benefits Ratio
-44 $18,434,000 $44,791,000 $26,357,000 2.43
-45 $23,426,000 $62,121,000 $38,695,000 2.65
-46 $28,838,000 $75,291,000 $46,453,000 2.61
-47 $33,890,000 $85,161,000 $51,271,000 251
-48 $41,512,000 $94,131,000 $52,619,000 2.27

Environmental Impacts _ of the Tentatively Selected Plan _: Alternative plans haveeen
formulated and evaluated ensure that projegelated adverse environmental impacts have been
avoided or minimized to the extent practicable and that remaining unavoidable significant
adverseimpacts are mitigatedAvoidance and minimization were pursued wherever feasible.
Avoidance and minimization efforts were integral to project planning and influenced channel
design, dredged material placement locations, dredged material placement ueshmigd
mitigation plan formulation.

The environmental impacts of the Tentatively Selected Plan include:

1 Tidal amplitude 7 Hydrodynamic modeling results indicate that channel deepening and
associated increases in hydraulic efficiency will cause small changes in MHW, MLW,
and tidal range. The largest projected MHW increase is ~1.3 inches in the vicinity of
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downtown Wilmingtm. MLW is projected to decrease, with a maximum decrease of
~2.0 inches projected to occur in the vicinity of Wilmington. The net effect of the
projected MHW and MLW changes is a maximum increase in tidal range of 3.4 inches at
Wilmington. Projected eéicts on MHW, MLW, and tidal range are reduced through the
up-estuary and dowastuary reaats above and below Wilmington;

1 Salinity - Hydrodynamic modeling results indicate that channel deepening would
increase surface, midepth, and bottom salinities; withe largest increases occurring at
mid to bottom depths in the vicinity of downtown Wilmington. Under typical river flow
conditions; average annual surface, ftépth, and bottom salinities are projected to
increase by 1.2 ppt, 3.9 ppt, and 4.1 ppt dtiigton, respectively. Projected effects
on salinity are reduced through the-egtuary and dowestuary reaches above and
below Wilmington;

91 Dissolved oxygeni Hydrodynamic modeling results indicate that channel deepening
would have negligible effeston dissolved oxygen (DO) concentrations, with projected
decreases of 0.3 mg/L or less throughout the estuary. Maximum decreases are projected
to occur during the winter months when estuarine DO concentrations are typically the
highest; providing furthenndication that projected decreases would not have any
significant effect on estuarine biological resources;

9 Tidal wetlands 1 Channel deepening would not have any direct impacts on wetlands.
Hydrodynamic modeling results indicate that channel deepenmgdwcause small
increases in average annual surface salinity of 0.3 ppt or less at the upper ends of existing
salinity gradients in the estuary. Projected salinity increases of 0.3 ppt or less may have
minor effects on the composition of tidal freshwatmarsh and swamp forest
communities in the upper estuary; but would not be expected to convert tidal swamp
forests to tidal marsh communities;

1 Estuarine shoreline erosion Modeling results indicate that transits by larger container
vessels would resultni increased bed shear stress along the shoreline northeast of
Southport, the southern shoreline of Battery Island, and at isolated shoreline locations in
the vicinity of Orton Point. Projected increases in bed shear stress indicate the potential
for increased shoreline erosion. Potential erosional effects will be investigated further
during development of the DEIS and the PED project phase;

1 Beach erosion- Wave transformation and shoreline change modeling results indicate
that channel deepening wouldvieaminor to negligible effects on the shorelines of Bald
Head Island and Oak Island. On Bald Head Island, channel deepening is projected to
have minor adverse effects on the central South Beach shoreline and minor beneficial
effects on the western South @& shoreline. Erosion rates (net of any beach
nourishment activity) along the central South Beach shoreline are projected to increase by
0.6 ft/yr or less, while erosion rates along the western South Beach shoreline are
projected to decrease by ~1.3 ft/yErosion rate increases (net of any beach nourishment
activity) of 0.1 ft/yr or less are projected along most of Oak Island, with an increase of
~0.2 ft/yr projected along the east end of Caswell Beach;

1 Benthic softbottom habitat - New dredging wouldmpact ~925 acres of relatively
undisturbed softbottom habitat in the channel widening areas and the new entrance
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channel extension reach; including ~368 ac of offshore marine softbottom habitat and
~557 acres of inshore estuarine softbottom habitat. VBEsé majority of the impacts
would consist of temporary effects on existing deepwater habitats that are presently
subject to frequent disturbance and depth limitations on productivity. New dredging
would affect just 5.9 acres of highly productive shallob ft) softbottom habitat,
including just 3.5 acres of softbottom PNA habitat;

9 Fisheries and Essential Fish Habitat New dredging impacts on softbottom habitats
and associated benthic invertebrate communities would have primarilytestmoreffects
on benthic prey base for predatory demersal fishes. New dredging impacts on 5.9 acres
of highly productive shallow (<6 ft) softbottom habitat, including 3.5 acres of softbottom
PNA habitat may have longer term effects on nursery habitat functions and estuarine
dependent juveniles. However, the project would impact a small fraction of the estimated
37,800 acres of <6 ft shallow softbottom habitat in the CFR estuary. The effects of
blasting on fisheries may include direct injury and mortality; however, thegactm
would be minimized through the development and implementation of an effective blast
mitigation protection program;

1 Coastal waterbirds - Beach placement of dredged material would affect coastal
waterbirds through disturbance and temporary lossdasteitidal benthic invertebrate
prey resources; and

1 Protected species Dredging may have shererm effects on Atlantic and shortnose
sturgeon through softbottom foraging habitat disturbance and temporary losses of benthic
prey resources. The effects ldasting on Atlantic and shortnose sturgeon may include
direct injury and mortality; however, these impacts would be minimized through the
development and implementation of an effective blast mitigation protection program.
Projected increases in salinityould shift the average position of the salt front upstream,
potentially affecting habitat suitability in the vicinity of Wilmington where known
concentration areas for sturgeon are located. Atlantic and shortnose sturgeons could
experience a loss of hahitor a reduction in habitat suitability. The projected salinity
increases may adversely affect critical habitat for the Atlantic sturgeon.

Preliminary Mitigation, Monitoring, and Adaptive Management Plan: The preliminary
mitigation, monitoring, and adapé management plan indicates that the appropriate level of
mitigation is available for the Tentatively Selected Plan at a reasonable cost. Final mitigation
planning will be performed in coordination with USACE, during development of the DEIS.
Preliminarymitigation measures developed as compensation for direct and indirect effects of the
Tentatively Selected Plan are summarized below.

1 Tidal Wetland Mitigation - Preservation and restoration of the Black River Wetland
Mitigation Site would provide protecin of 3,685 acres of tidal swamp and pocosin
pond pine woodlands contiguous with the tidal floodplain/bottomland area, conservation
of an additional 470 acres of pocosin wetlands and 800 acres of upland buffers, and
restoration of 25 acres of wetlandsrfr@xisting timber roads and ditches.

1 Shallow Water Estuarine Habitat Mitigation - Mitigation includes restoring 12.1
acres of subtidal shallow water estuarine habitat (7,000 linear ft and less than 6 ft deep)
of the historic the Alligator Creek channehhancing 22 ac of fringing tidal marshes
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(currently Phragmites) along both sides of the restored channel reach, and enhancing 6.8
acres of tidal pools and creeks for juvenile fish refugia from Phragmites habitat,

1 Fish Habitat Suitability Mitigation - Mitigation for salinity effects on anadromous
species would include construction of fish passages at Lock and Dam 2 and Lock and
Dam 3 on the Cape Fear River, thus allowing anadromous fish species access to natal
spawning grounds for the first time in almas century. The balance of credits also
provide compensation for other indirect effects such blasting, interruption of migration
during construction, and due to the long construction period.

1 Bird Island Enhancement - Mitigation for erosional effects onhtee significant
managed bird islands in the LCFR would include expanding the subaerial footprint of
Ferry Slip and South Pelican Islands to 15 acres each through placement of 250,000 CY
of dredged material and sand placement on the western shoreliregtefyBsland to
protect waterbird nesting habitat against ongoing and future erosion.

1 Vessel Wake Attenuation and Mitigation- Mitigation measures to reduce the effects of
vessel wakes on areas along the western shoreline of the LCFR include consbfuetion
rock sill along 2,150 linear ft of shoreline at Orton Point, construction of a 2,600 linear ft
rock sill and 700 ft Reefmaker section along the Brunswick Town shoreline area and
construction of 1,700 linear ft of living marine shoreline adjacerthéonorth end of
Southport. Additional areas may be added following additional modelling and analysis
performed during development of the DEIS.

4. Expected Project Performance

Cost _Sharing : Cost sharing for the Selected NED Plan will be donednordance with
Section 101 of the WRDA 198@Gs amendednd cost shared as a General Navigation Feature.
Project cost sharing between the Federal government and tieéederal sponsor (Table B

is based on 100% of the project having a controllingtldéess thanr50 feet MLLW, indicating

the project would be coshared 75% Federal / 25% nbrederal.
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Table ES-8
Project Cost Shares

Cost Item

Total Cost

75%
Federal

25%
Non-Federal

Dredging Cost

$547,882,000

$410,912,000

$136,971,000

Mitigation & Monitor $84,000,000 $63,000,000 $21,000,000
Construction S&A $10,800,000 $8,100,000 $2,700,000
PED $21,100,000 $15,825,000 $5,275,000
Contingency (21.4%) $142,049,000 $106,537,000 $35,512,000

Total Construction of GNF

$805,831,000

$604,373,000

$201,458,000

Lands & Damages $28,262,000 $0 $28,262,000
Total Project First Costs $834,093,000 $604,373,000 $229,720,000
Berthing Area Dredging Costs $1,760,000 $0 $1,760,000
Aids to Navigation $10,531,000 $10,531,000 $0
10% GNF Non-Federal -$52,321,000 $52,321,000
Total Cost $846,384,000 $562,583,000 $283,801,000

Operation, Maintenance, Repair, Rehabilitation, and Replacement (OMRR&R):
Additional annual maintenance costs to the United States are estimated 1d &®080 (FY
2019). Maintenance of any neRederal ancillary facilities is a 100% né&ederal responsibility.

Environmental Compliance:
upon direction of the ASA(CW).

Environmental Compliance will be completed by USACE

State_ and Agency Review: State and Agency Review will lmordinated by USACE upon
direction of the ASA(CW).

Certification of Peer and Legal Review : Certification of Peer and Legal Review will be
completed by USACE upon direction of the ASA(CW).

Policy Compliance Review : USACE Policy Compliance Review will be completed by
USACE upon direction of the ASA(CW).
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1 INTRODUCTION

This IntegratedSection 203Study andEnvironmentalReportpresentsan analysis of potential
navigational improvement® the Wilmington Harbor Federal navigation channel leading from

the Atlantic Ocean to the Port @¥ilmington, North Carolina. The plan recommended in this
integrated report is economicaljystified, technically feasible, consistent with protecting the
nationbés environment, and publicly acceptable

1.1  Existing Federal Project

The existing federal project &ilmington Harbor(Figure 1) consists ofthe Eagle Island
DredgedMaterial Disposal Site, theNew Wilmington Ocean Dredged Material Disposal Site
(ODMDS), the Upper and Lower Anchorage basiasd thesystem of federal channels from the
ocean up to the channel 06s terminus upstream o
for approxmately 38 mils begiming offshore ofthe outer ocean bar at the mouth of the Cape
Fear River in Brunswick County, NC, and extends upwards to the City of Wilmington in New
Hanover County, NC, where it services the Port of Wilmingtdie authorized deptbf the
channel is44 ft MLLW? at the ocean bar and entrance channel, #2ft for the channel up to

the Cape Fear Memorial Bridgepstream of theCape Fear Memorial Bridgehe authorized

depth decreases 88 ft in the channel up to 750 ft above tHéton Bridge and in the Turning

Basin inside the mouth of the Northeast Cape Fear Rivee.alithorized depitlecreases further

to 36 feet from 750 ft upstream of the Hilton Bridge through the Turning Basin at the upper
project limit in the Northeast @a Fear River (Table-1). Existing water depthspstream of

the Cape Fear Memorial Bridgéowever, are lower than the project dimensions, as these were
not dredged due to lack of users (USACE, 2014). The reaches above the existing turnjng basin
located in the lower section of the anchorage basin reaoh not included in this proposed
project.

Construction of the Federal navigation channel tocisrent dimensions (Table-1) was
originally authorized as three separate projectshieyWater Resourcd3evelopment Acts of
1986 (WRDA 86)Public Law99-662° and 1996 (WRDA 96Public Law104-303". Public Law
10562", The Energy and Water Development Appropriations Act of 13@8nbined the
Wilmington HarborNortheast Cape Fear RivBroject (WRDA 1986), the Wilmington Harbor
Channel WideningProject (WRDA 1996), and the Cape Fd&mrtheast (Cape Fear) Rivers
Project (WRDA 1996) under a single project known as the Wilmington Harbor 96 Act Project.
Completedimprovementsunder the Winington Harbor 96 Act Projechclude deepening the
ocean bar and entrance channels from the autttbdepth of 40 feet to 44 feeleepening the

2 Note dl depths will be presented throughout referenced to MLLW

% Section 20 WILMINGTON HARBOR-NORTHEAST CAPE FEAR RIVER, NORTH CAROLINAThe

project for navigation, Wilmington Harbdtortheast Cape Fear River, North Carolina: Report of the Chief of
Enginees, dated September 16, 1980, at a total cost of $10,000,000, with an estimated first Federal cost of
$8,300,000 and an estimated first #eederal cost of $1,700,000.

* Provided further, That the Secretary of the Army, acting through the Chief of Engisemrthorized and directed
to combine the Wilmington HarbérNortheast Cape Fear River, North Carolina, project authorized in section
202(a) of the Water Resources Development Act of 1986, the Wilmington Harbor, Channel Widening, North
Carolina, projectathorized in section 101(a)(23) of the Water Resources Development Act of 1996, and the Cape
Fead Northeast (Cape Fear) Rivers, North Carolina, project authorized in section 101(a)(22) of the Water
Resources Development Act of 1996 into a single projatt evie Project Cooperation Agreement based

on cost sharing as a single project:
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authorized 38oot project to 42 feet through the Cape Fear Memorial Briglygduding the
anchorage basjnwidening the existing 40@ot wide channel to 600 feet over a total length of
6.2 miles including the Lower and Upper Midnight and Lower Lilliput reaches; widening five
turns and bends by 100 to 200 feet; and widening the Fourth East Jetty channdett 606r a
total length of 1.5 miles.Additional authorized improvements to the Federal channel from the
Cape Fear Memorial Bridg® the upper project limit in the Northeast Cape Fear River were
deferred due to a marginal cost to benefit ratio.
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Figure 1-1
Wilmington Harbor Federal Navigation Project
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Table 1-1

Wilmington Harbor Federal Navigation Channel Reach Dimensions

Reach Name Le(r]ltg)th Width () Ma[';‘éf)"tﬂed E”S,'E?Eﬁi
Overdepth

Baldhead Shoal Reach 3 26,658 5007 900 44 46
Baldhead Shoal Reach 2 4,342 900 44 46
Baldhead Shoal Reach 1 4500 70071 785 44 46
Smith Island 5,100 650 44 46
Baldhead-Caswell 1,921 500 44 46
Southport 5,363 500 44 46
Battery Island 2,589 500 44 46
Lower Swash 9,789 400 42 44
Snows Marsh 15,775 400 42 44
Horseshoe Shoal 6,102 400 42 44
Reaves Point 6,531 400 42 44
Lower Midnight* 8,241 600 42 44
Upper Midnight* 13,736 600 42 44
Lower Lilliput* 10,825 600 42 44
Upper Lilliput 10,217 400 42 44
Keg Island 7,726 400 42 44
Lower Big Island 3,616 400 42 44
Upper Big Island 3,533 51071 700 42 44
Lower Brunswick 8,161 400 42 44
Upper Brunswick 4,079 400 42 44
Fourth East Jetty 8,852 500 42 44
Between 2,827 400 42 44

A”Chgi%%etgagiﬂsslta“on 7,681 5507 1,400° 42 44

Anchorage Basin Station 3970 4507 550 38 44

Memorial Bridge d"'gésabe' 9,573 400 32 40

'Satiﬁl'tg':'FTFfSBﬁggge ! 2,559 2007 300 32 40

Hilton RR Eﬂ:ﬂﬂe 1 Project 6.718 200 o5 36
Total Length in Feet 200,984
Total Length in Miles 38.1

Width shown is widest point at basins, and includes the channel width
Channel depths are at mean lower low water

Allowable Overdepth is two feet

This channel reach included the Passing Lane

Updated for 202 Turning Basin Expansion

O wWNPE

Integrated Main Report i February 2020 Page 4



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

1.2  Study Authority

This study of potential navigation improvements to Wi#gmington Harbor Federal navigation
channel leading from the Atlantic Ocean to the PorWWalimington, North Carolina has been
prepared by the North Carolirgtate Ports Authority (NCSPA) under the authority granted by
Section 203 of Water Resources Development Act (WRDAPBBIP.L. 99662), as amended.

Section 203 of WRDA 86, as amended, states:

SEC 203. STUDIES OF PROJECTS BY NeENDERAL INTERESTS.
PUBLICLAW 99662, NOV. 17, 1986. 33 USC 2231.

(a) SUBMISSION TO SECRETARY

1 In general. A nofiFederal interest may on its own undertakiederally
authorizedfeasibility study of a proposed water resources development
project and submit the study to the Secretary.

2 Guidelines. To assist ndfederal interests, the Secretary shall, as soon as
practicable, issue guidelines for feasibility studies of water resources
development projects to provide sufficient information for the formulation of
studies.

(b) REVIEW BY SE@R ARY- The Secretary shall review each feasibility study received
under subsection (a) (1) for the purpose of determining whether or not the study, and the
process under which the study was developed, each comply with Federal laws and
regulations applicale to feasibility studies of water resources development projects.

(c) SUBMISSION TO CONGRESS =

(1)REVIEW ANCSUBMISSIONDF STUDIESTO CONGRESSNOot later than
180 days after the date of receipt of a feasibility study of a project under subsection (a)
(1), the Secretary shall submit to the Committee on Environment and Public Works of the
Senate and the Committee on Transportation and Infrastructure of the House of
representatives a report that describes

A the results of t hdyuflersubsediankby 6s r e
including a determination of whether the project is feasible;

(B) any recommendations the Secretary may have concerning the plan or
design of the project; and

(C) any conditions the Secretary may require for construction of the
project.

(2) LIMITATIONT The completion for the review by the Secretary of a feasibility
study that has been submitted under subsection (a)(1)may not be delayed as a result of
consideration being given to changes in policy or priority with respect to project
consderation;

(d) CREDIT. If a project for which a feasibility study has been submitted under
subsection (a) (1) is authorized by a Federal law enacted after the date of the submission
to Congress under subsection (c), the Secretary shall credit towardnHeederal

share of the cost of construction of the project an amount equal to the portion of the cost
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of developing the study that would have been the responsibility of the United States if the
study had been developed by the Secretary.

(e) REVIEW ANDTECHNICAL ASSISTANCE.

(1) REVIEW The Secretary may accept and expend funds provided by non
federal interests to undertake reviews, inspections, certifications, and other activities that
are the responsibility of the Secretary in carrying out this section

(2) TECHNICAL ASSISTANGEAL the request of a nelRederal interest, the
Secretary may provide to the néederal interest technical assistance relating to any
aspect of a feasibility study if the néederal interest contracts with the Secretary to pay
all costs of providing such technical assistance.

(3) LIMITATIONT Funds provided by neRederal interests under this
subsection shall not be eligible for credit under subsection (d) or reimbursement.

(4) IMPARTIAL DECISIONMAKING In carrying out thissection, the Secretary
shall ensure that the use of funds accepted from eHederal interest will not affect the
impartial decisionmaking of the Secretary, either substantively or procedurally.

(5) SAVINGS PROVISIONThe provision of technical assistanby the
Secretary under paragraph (2)

(A) shall not be considered to be an approval or endorsement of the
feasibility study; and

(B) shall not affect the responsibilities of the Secretary under subsections
(b) and (c).

This report has beateveloped based on the policy guidance provided in:

1 ER 11652-209 (04 February 2016), which provides guidance for implementation of
Section 203 of WRDA 1986, as amended by Section 1014(a) of WRRDA 2014

1 Memorandum for Commanding General U.S. Army CorpEmjineers (21 June 2018):
Implementation Guidance for Section 1126 of WRDA 201%tudy of Water Resources
Development Projects by Ndrederal Interests (Revise@nd

1 Implementation Guidance for Section 1152 of the Water Resources Development of
2018, Sudies of Water Resources Development Projects byMend e r a | Il nterest
2 May 2019

In following this policy guidance, the U.S. Army Corps of Engineers (USACE) cooperated in the
development of this report by providing:

1 available information;

1 clarification of existing technical guidance;

1 clarification of USACE review process; and

1 HarborSym modeling outputs based on inputs provided by the NCSPA.

In addition, a previous draft version of this report was revielwethe Office of the Secretary of
the Army for Civil Works (OASACW) and the Headquarters, US Army Corps of Engineers
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(USACE) staffand by the USACE Wilmington Districtndependent peer review of technical
work products was also performed for economics, cost engineering, hydrodynamic modeling,
ard ship simulation modeling. Reviewer comments and responses are provided in Appendix S:
Quality Control Report. Compliance with federal statutes, such as the National Environmental
Policy Act (NEPA), the Endangered Species Act, and other federal enenbalmcultural, and
historic resource statutes will be completed by USACE if the ASA(CW) determines thaisthere

a Federal interest sufficient for Federal participation and Congress authorizes improvements to
the Federal Wilmington Harbor navigation chreet

This report includes information typically included in an Environmental Impact Statement (EIS),
but this report cannot be considered an EIS because official involvement by USACE, which is
the lead federal agency for the purpose of compliance wittrdédtatutes, did not begin until

after the first submittal of the report to the ASA(CW) and issuance of a subsequent Notice of
Intent (13Sep20). The NCSPA held informational sessions with federal and state agencies and
with the public prior to USACE oifial involvement, as described in subsequent chapters for the
purposes of obtaining public input to the plan formulation and selection process.

1.3  Study Purpose and Need

The NCSPA has conducted this Section 203 study to determine the feasibility of improvements
to the Federal navigation project at Wilmington Harb®he purpose of this study is to identify

and evaluate alternatives to increase transportation efficigiocié®e current and future fleet of
container vessels operating at the Port of Wilmington and to improve overall conditions for
vessel operations and safeBotential improvements include deepening and widening of the
Federal navigational channel, extarglithe ocean entrance channel farther offshore, expansion
of the Turning Basin, and expanded wideners at turns along the channel.

Since the last major channel improvements were completed by the Corps of Engineers in 2002,
the Port of Wilmington has expenced significant growth in cargo volume, and in the size of
vessels calling at the port. Over the intervening years, the NCSPA has made major investments
in landside infrastructure to accommodate growth at the Port of Wilmington and the region that it
serves. At the present time, the Port of Wilmington is the largest port in North Carolina and is a
majorcomponemd f t he St ateds economy.

The need for the proposed action is to address the transportation inefficiencies at the Port of
Wilmington. Inadequat channel capacity currently impactessel operationst the Port of
Wilmington and is projected to have a greater detrimental impasessel operations the

future, providing the impetus for the NCSPA to conduct this Section 203 stRdgsuant to

Section 203 of WRDA 1986, this study is intended to determine the feasddilibe project and

whether there is a Federal interest sufficient for Federal participation and Congressional
authorization of improvements the federal Wilmington Harbor navityan channel, consistent

with the federal objective of maximizing contributions to National Economic Development
(NED), and consistent with protecting the nat

1.4  Location and General Description of the Study Area

The Port of Wilmington is lcated in southeastern North Carolina, approximately 28 miles up the
Cape Fear River from the Atlantic Ocean. The Cape Fear River borders Brunswick County to the
west and New Hanover County to the east. The Port has excellent intermodal transportation
connetions. Interstate Highway 40 connects Wilmington with the state capital Raleigh, and to
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Interstate 95. State highway 74 and Interstate highway 74 connect the port to Charlotte, the

stateds most popul ous <city. T hnangt@h Slikectly ta i |

intermodal transfer facilities in Charlotte. The Port of Wilmington is also connected to the CSX

Carolina Connector rail hub.

1.5 Prior Reports

The federal channel from the Atlantic Ocean to Wilmington has been incrementally improved for

Sy

more than 100 years (USACE 1996). Over that time many reports have been developed. The
following describes the reports leading to the most recent improvements and describes reports
subsequent to those improvements.

A resolution by the Committee on Publicoviks and Transportation of the United States House

of representatives dated 08 September 1988 requested review of reports on Wilmington Harbor,
North Carolina to determine whether modifications were advisable with particular reference to

commercial navig&n needs. Resulting USACE recommendations ultimately led to the
development and authorization of three separate harbor improvement prinjeletding the
Wilmington HarborNortheast Cape Fear RivBroject (WRDA 1986), the Wilmington Harbor
Channel WideningProject (WRDA 1996), and the Cape Fd&mrtheast (Cape Fear) Rivers
Project (WRDA 1996). The Energy and Water Development Appropriations Act of 1998

combined the three projects under a single project known as the Wilmington Harbor 96 Act
The three components of the combined projece evaluated in segde reports

Project.

described below.

1 U.S. Army Engineer District, Wilmington. 1990. Final Supplement to the Final

Environmental Impact Statement for Wilmington Harbdtortheast CapEear
River, North Carolina. February 1996.

Interim Feasibility Report and Environmental Impact Statement on Improvement
of Navigation, Wilmington Harbor Channel WidenjidSACE Wilmington

District, March 1994. The recommended plan consists of wideninghtmnel

from 400 feet to 600 feet for a length of 6.2 miles to provide a passing lane. The

Chiefdés Report is dated 24 June 1994.

Final Feasibility Report and Environmental Impact Statement on Improvement of
Navigation, Cap Feafi Northeast Cape Fear Rivers Comprehensive Study,
Wilmington, North CarolinaUSACE Wilmington District, June 1996. The
recommended plan consists of:

o Deepening the channel from the Atlantic Ocean to Wilmington from a
depth of 38 feet to a depth 42 feet, including the Anchorage Basin;
along with deepening the ocean bar channel from 40 to 44 feet;

o Deepening the 3ot and 25foot channel reaches in the upriver portion
of the harbor to 38 feet and 34 feet, respectively; along with widening the
chamel from the existing width of 200 feet to 250 feet; and

o Deepening the Turning Basin at the upper project limit in the Northeast
Cape Fear River from 25 to 34 feet; along with widening the upper
Turning Basin from 700 to 800 feet.
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The Chi ef 6 sd®&Segptemider 1996. Thk groject upvithin 800 feet ofthe Cape
Fear Memorial Bridge was completed in 201Bhe remaining authorized improvements from
the Cape Fear Memorial Bridge the upper project limit were deferred due to a marginal cost to
berefit ratio.

In 2011, USACE developed a Reconnaissance Report (Section 905(b) Report), which
recommended that a Feasibility Study for additional improvements be performed. The
Feasibility Study (2014) recommended realignment of the Entrance Channel,ngiddrthe

Battery Island channel, and assorted modifications that increase the radius of the turn at Battery
Island.

1 Section 905 (b) Analysis Wilmington Harbor Navigation Improvements, New Hanover
and Brunswick Counties, North CarolifdSACE Wilmington Dstrict, April 2011. The
section 905 (b) analysis recommended that the Wilmington Harbor Navigation
Improvement study proceed into the feasibility phase only for channel widening, turning
basin enlargement, and other modifications at the existing pr@pti.d

T Final Integrated Feasibility Report and Environmental Assessment Wilmington Harbor
Navigation ImprovemenfdJSACE Wilmington District, October 2018. The
recommended plan combines the following components to increase the available turning
radius ofthe Battery Island turn from 2,850 feet to 3,900%eet

0 Realignment of the Entrance Channel reach 1 westward away from a shoal that forms
to the east of the channel;

o Widen Battery Island channel from 500 feet to 750 feet;

o Provide additional tapers whereuloport and Lower Swash channel join Battery
Island Channel; and

o Provide a 750 feewide by 1,300 feet long cutoff between Battery Island channel and
Lower Swash channel.

1.6 Public Involvement

Public involvement in development of the Sect@®3 Feasibility 8dy and Environmental
Report is divided into two phases. The first phase consigarbf public involvement activities
performed by the NCSPArior tofederal participation in public involvemenrithe second phase

of public involvement begamwhen USACE publisheda Notice of Intent to prepare an EIS
pursuant to the National Environmental Policy Act (NERA) 13 September 201%\lthough

this Section 20Feasibility Study and Environmental Repisra nonfederal study, the NCSPA
has developed thiBReportin accordance with USACE planning and environmental compliance
guidelines to facilitate the USACE ongoing developmenta ddraft EIS (DEIS) for the 203
Study. The NCSPA believes that itsst phasepublic and agency involvement activities meet
the spirit d NEPA in regard to the inclusion of public input in the plan formulation and selection
process.

The NCSPA provided initial public notice of ti&ection203 Study through an announcement
that was posted on the NCSPA web site on 20 June 2018 and publishetboatimewspaper,

®> Note that the design vessel for the October 2018 study is the same design vessel as the 1996 and 2002 studies,
which is substantially smaller than the design vessel fostady.
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the Star Newson 01 July 2018. The first public and state/federal agency meetings were held in
Wilmington on 08 and 09 August 28, respectively.During the initial interagency meeting on

09 August 2018, three technical working groups (TWGs) were formed to provide a mechanism
for local agency subject matter experts to offer technical guidance and input towards assessing
the effedts of the proposed project on:

1 tidal wetlands;
9 fisheries and fish habitat; and
1 beneficial use of dredged material.

The overall TWG framework consists of 1) the review of available data sources for baseline
conditions, 2) concurrence on impact assessmagthods to be used, 3) the provision of
technical review and input on existing conditions and effects analysis for tidal wetlands and
fisheries/fish habitat, and 4) the consideration and discussion of potential options for mitigating
any adverse effectsThe overall goal of the Beneficial Use TWGaalist local subject matter
experts to identify potential beneficial uses of dredged material derived from channel
construction; including beach placement, waterbird nesting island restoration, marine resource
restoration/enhancement; and other potential uses; which would be further assessed for inclusion
in futuredredged material manageme@nactices

To date, six TWG meetings have occurred to discuss tidal wetlands, fisheries/fish habitat, and
beneficial se. Thesemeetings have been held over a period of approximately 12 months (Table
1-2). The NCSPA study team has prepared tidal wetland and fisheries technical memorandum
reportS, for review and comment by the respective TW@mst describe affected msrce
baseline conditions, impact analysis methods, and the anticipated impacts of the alterRatives.
the Beneficial Use TWG, a summary of recommendations was prepared for further use by the
NCSPA study team in developing the overall beneficial usdysteport. The USACE
involvement since the publication of th@tite of Intenton 13 September 2019 has included an
initial EIS public scoping meeting in Wilmington, the formation of a WHNIP 203 Study
Stakeholder Group, and the coordinationtloke Stakéolder Group meetings in Wilmington
during Novembe2019 through Januarg020. Public involvement efforts by the USACE and

the NCSPA are ongoing and will continue throughoutdéneelopment of the DEIS

® TWG membership and reports are included as an attachment to the Environmental Appendix.

Integrated Main Report i February 2020 Page 10



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Table 1-2
Public Involvement

Public Involvement, Phase 1

6/20/2018 NCSPA 203 Study announcemeniNDSPAvebsite
7/1/2018 NCSPA 203 Study announcement published in Star N
8/8/2018 First NCSPA Public Information Meeting
8/9/2018 First N_CSPA Interagency Meet{sigte/federal
Agencies)
First Wetland and Fisheries TWG Meetingaseline
data collection and mapping, potential impact analysis
12/20/2018 methods, and integration of hydrodynamic modeling
results.
2/19/2019 First B.enef|C|aI_L{se TWG Meetrriaroposgd and
potential beneficial uses afredged material
Second Wetland and Fisheries TWG Meetings
4/10/2019 Preliminary results of salinity isopleth shift analysis an
determination of fish species to be included in Habitat
Suitability Index (HSI) Modeling
Third Wetland andrisheries TWG Meeting®reliminary
8/14/2019 guantification of salinity affected wetlands and potenti.

methods of assessing impacts on wetland functions.
Preliminary results of fisheries HIS modeling.

Public Involvement, Phase 2

USACIublishes Ntice of Intentin Federal Register,

9/13/2019 Public Scoping Letters are sent.
Fourth Wetland and Fisheries TWG Meetindgsnal
wetland impacts and further discussion of potential

10/8/2019 impacts on function. Revised HSI modeling and
discussion of initidHabitat Evaluation Procedure (HEP
analysis and result$JSACE participation

9/26/2019 USACEIS Public Scoping Meeting, Wilmington

11/20/2019 FirstUSACEVHNIP 203 Stakeholder Group Meeting
Fifth Wetland and Fisheries TWG Meetin@scussion

12/10/2019 of Uniform Mitigation Assessment Method (UMAM)
USACE participation

12/18/2019 SecondJSACEVHNIP 203 Stakeholder Group Meetinc

1/15/2020 ThirdUSACEVHNIP 203 Stakeholder Group Meeting

Note: NCSPA = North Carolina State Ports Authority, TWG = Technical Work
group, WHNIP = Wilmington Harbor Navigation Improvement Project
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1.7  Planning Process and Report Organization

The planning process employed by the NCSPA for the Wilmington Harbor Sec®o8tady
has foll owed the Corps of Engineersd six ste
Planning Guidance Notebook (ER 11300, dated 22 April 2000). These steps include:

1) specify water resources problems and opportunities;

2) inventory, forecat, and analyze the water and related land resource conditions within the
study area,;

3) formulate alternative plans which address the identified problems and take advantage of
the opportunities;

4) evaluate the effect of alternative plans;
5) compare alternate/plans; and
6) select the recommended plan.

The Principles and Guidelines (P&G) adopted by the Water Resources Council guide the
formulation and evaluation of Federal water resource projects. P&G requires that the plan
recommended for Federal action wile the alternative plan with the greatest net economic
benef it consistent wi t h protecting t he nat
Development (NED) plan], unless the Secretary of Army grants an exception to this rule.

Planning for the Wilmingtoridarbor Section 203 Study has been a dynamic process resulting in
multiple iterations of the sistep planning process. Through iterations of thest@p planning
process, the study has been refined and has resulted in a recommendation for Fedetiahiaction
is consistent with the Principles and Guidelines and ER -210#). The remainder of this
report documents the results of the-si@p planning process.

The report is organized similarly to a USACE Integrated Feasibility Report and Environmental
Impact Statement, in order to facilitate review and processing by the ASA(CW). Official NEPA
compliance was initiated by USACE after submission of the first draft of this report to the
ASA(CW) in June 2019. This report includes the results of initial pubhd agency
involvement, environmental impact analyses, a preliminary mitigation, monitoring, and adaptive
management plan, and an evaluation of alternatives. It is the intent of the NCSPA that sufficient
information and analysis is included in this repdot support completion of a Draft
Environmental Impact Statement (DEIS) by USACE and other federal statute compliance upon a
positive recommendation to Congress and subsequent authorization.

The remainder of the Section 203 Study report is organizediawsol
Section 2" Existing Navigation and Trade Conditions

Section 3 Baseline Conditions/Affected Environment
Section 4 Without-project Conditions
Section 5 Problems, Opportunities, and Constraints

Section 6 Formulation and Evaluation éfternatives
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Section 71 Effects of Tentatively Selected Plan on Existing Navigation Infrastructure
Section81 Environmental Consequences

Section 9 Tentatively SelecteBlan

Section DT Compliancewith EnvironmentalCommitments

Section 17 Public / Agency Participation and Comments

Section 27 Recommendations

Section B List of Preparers and Reviewers

Section #7 References

Section 57 Index
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2 EXISTING NAVIGATION AND TRADE CONDITIONS

2.1  Navigation Features

The Port of Wilmington includes a containere r mi n a | t hat supports th
export trade worldwide, with an emphasis on trade with Asia. The NCSPA is constructing a $200
million capital improvement plan that upgrades terminal facilities to handle projected future
vessels and cargo. &H-ederal navigation channel at Wilmington Harbor was last improved in

the early 20006s and was designed for Panama
feet, 106 feet, and 40 feet respectively. Vessels currently calling at thiaperiengthbeam,

and draft dimensions of more than 1,100 feet, 140 feet, and 50 feet respectively. Vessel
operations for the fleet currently calling at the Port of Wilmington are constrained by channel
dimensions.

2.1.1 Channels and Turning Basins

The existing navigatiochannel to the Port of Wilmington is approximately 33 miles long from
the Cape Fear River pilot boarding area near 78.05°W, 33.77°N through 22 desuhelso

the Port of Wilmington facilitiegTable :1). The existing channel geometry is publishedhia t
current nautical charts for the Cape Fear River. Nautical charts pribhgiNOAA relevant to
this area include the following:

1 NOAA Nautical Chart number 1153Figures 21 and 22); and
1 NOAA Electronic Nautical Chart (ENC) tile USS5NC12M.

For reference in discussion of channel locations throughout this report, channel stationing is
provided onFigures 21 and 22. To facilitate discussion of the project geometry introduced
later in this documenthe channel stationing starts offshore led turrent pilot boarding area,
where the new channel is expected to emdble1-1 provides approximate (i.e.,-+about 100

ft) range lengths based on the stationing shoviigares 21 and 22,

The channel widths are providedTable 1-1 for eachreachof the existing channel. Beginning
offshore, the existing channel is 500 ft wide at the pilot boarding station and widens to 900 ft
approaching the first bend at Bald Head Shoal. Through the following seeaddles the
channel narrows back to 500bkfore entering the large turn around Battery Island. Upstream of
Battery Island, the channel narrows to a typical width of 400 ft, with three exceptions:

1 A 600 ft wide passing area extending from Lower Midni§gachto Lower Lilliput
Reach

Upper Big klandReach which is 660 ft wide.

Fourth EastJetty Reach and the channel adjacent to the Wilmington terminal facilities,
which are 500 ft wide.
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Figure 2 -1
NOAA Nautical Chart number 11537
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Figure 2 -2
Continuation of NOAA Nautical Chart number 11537

2.1.2 Channel Maintenance

Maintenance dredging of the Federal navigation channel was described in detail by the USACE
(2007). Updated information will be ihaed as it becomes available. Per USACE (2007):

The Wil mington Harbor navigation channel
river and dredging methods and disposal options vary depending on the reach location
and quality of material to be dredgedJaintenance dredging in Wilmington Harbor is
currently performed by varying methods depending on the location of the River reach
and disposal of maintenance dredged material from the Harbor varies based on sediment
guality and location.
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Table1-10[provided in this document as Table 21] contains a summary of all current
maintenance dredging activities and includes dredging and disposal methods, sediment
volumes, dredging frequency, and sediment classification. Sediment classification is
based on theéengineering Unified Soil Classification System. Sand is described as a
material where 50 % or more of the material lies between the number 4 sieve (4.76 mm)
and the number 200 sieve (0.074mm). Silty sand is defined has a sand material with more
than 12% & the material (silt) passing the number 200 sieve. Beach disposable sand is
defined as sand material with less than 10% passing the number 200 sieve.

As shown inTable 224, material from the Outer Ocean Bar (Reach 3 of Bald Head
Shoal) Channel is dredgednnually by hopper dredge and deposited in the Ocean
Dredged Material Disposal Site (ODMDS). Material from the Inner Ocean Bar Channel
(Bald Head Shoal Channel reaches 1 and 2) and Smith Island Channel is dredged with
an ocean certified pipeline dredgeesy other year and pumped to the beach at either
Bald Head Island or Oak Island in accordance witle Sand Management Plan (SMP)
that was incorporated in the Environmental Assessment, Preconstruction Modifications
of Authorized Improvements, WilmingtoarHor, NC, 2000. The 2000 SMP is based on

a 6- year cycle and remains in effect until the Phase Il DMMP is completed.

Although the Phase Ill DMMP may not recommend any changes to the 2000 SMP, the
Phase Ill DMMP will supersede the Sand Management Plaatei4l from Bald Head
Caswell Channel, Southport Channel and Battery Island Channel is dredged about once
every 4 years by hopper dredge and deposited in the ODMDS. Material from Snows
Marsh Channel to Lower Big Island Channel is dredged once everyrg ggabucket

and barge or by hopper dredge and deposited in the ODMDS. If nearby bird nesting
islands, South Pelican Island and Ferry Slip Island, are in need of sand due to erosion,
material from Snows Marsh Channel and Horseshoe Shoal Channel may bedptamp
these islands by pipeline dredge. Also,-BAnd DA4 are alternative disposal areas
available for disposal of dredged material by pipeline dredge from Bald {@eawvell
Channel through Horseshoe Shoal Channel. Upstream of Lower Big Island Channel
the upstream limits of the project, dredging is performed by pipeline dredge and material
is pumped to the Eagle Island Disposal Area. Maintenance dredging in Upper Big Island
Channel upstream through Fourth East Jetty Channel is performed every & year
Between Channel and the Anchorage Basin are dredged annually. The project area
upstream of the Anchorage Basin to the upstream limits of the project is dredged about
once every 5 years.
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Table 2-1
Summary of Current Dredging and Disposal Practices (U SACE 2007)
Shoaling Frequency of Disposal Dredge Sediment
Reaches Channel Reaches Cubic Yards Dredging (years) Location Type Type
Per Year
Upstream Limits of
Upper Project to 750 ft above 12,600 3 El Cells 2/3 pipeline silt
Chemserve
750 ft above Chemserve L .
Upper to NC 133 Bridge 70,600 3 El Cells 2/3 pipeline silt
NC 133 Bridge to Cape L .
Upper Fear Mem Bridge 14,100 3 El Cells 2/3 pipeline silt
Upper Anchorage Basin 1,200,000 1 El Cells 1/2/3 pipeline silt
Upper Between Channel 60,000 1 El Cells 1/2/3 pipeline silt
Upper Fourth East Jetty 30,000 2 El Cells 1/2/3  pipeline silt
Upper Upper Brunswick 67,000 2 El Cells 1/2 pipeline silt
Upper Lower Brunswick 60,000 2 El Cells 1/2 pipeline silt
B&B or
Mid River Upper Big Island 22,500 2 ODMDS / Hopper, sandy silt
DA-10 -
Pipe
B&B or
Mid River Lower Big Island 35,900 2 ODMDS / Hopper, sandy silt
DA-10 -
Pipe
B&B or
Mid River Keg Island 34,100 2 ODMDS / Hopper, sandy silt
DA-10 -
Pipe
B&B or
Mid River Upper Lilliput 48,900 2 ODMDS / Hopper, sandy silt
DA-10 -
Pipe
B&B or
Mid River Lower Lilliput 43,000 2 ODMDS / Hopper, sandy silt
DA-10 -
Pipe
B&B or
Mid River Upper Midnight 107,000 2 O%'\XI_DSS / Hopper, sandy silt
Pipe
B&B or
Mid River Lower Midnight 25,500 2 O%'\ﬁl_:)ss / Hopper, sandy silt
Pipe
B&B or
Mid River Reaves Point 1,000 9 ODD'\XI_DSS/ Hopper, Silty sand
Pipe
A Bird Island / L
Mid River Horseshoe Shoal 40,000 3 DA-3/4 pipeline sand
S Bird Island / .
Mid River Snows Marsh 15,000 3 DA-3/4 pipeline sand
B&B or
Mid River Lower Swash 0 2 ODM:?/E/DA' Hopper, sand
Pipe
B&B or
Inner OB Battery Island 7,000 2 ODM:?/‘?/DA' Hopper, sand
Pipe
B&B or
Inner OB Southport 5,000 4 ODM:Z?DA' Hopper, sand
Pipe
B&B or
Inner OB Baldhead-Caswell 11,000 4 ODM,OBE’ DA~ Hopper, sand
Pipe
. BHI/CB/WOI _
Inner OB Smith Island 257,800 2 beaches pipeline sand
Inner OB Ocean Bar Entrance 545,000 2 BHI/CB/WOI Pipeline sand & silt
Channel beaches
Outer OB Ocean Bar Outer 538,000 1 ODMDS Hopper silt
Channels
TOTAL 3,151,000

El=Eagle Island, ODMDS=0cean Dredged Material Disposal, BHI=Bald Head Island, CB=Caswell Beach, WOI=West

Oak Island, B&B=Bucket and Barge
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USACE (2014) also calculated the annual volume change rate in the existing Anchorage Basin
based on the historic channel survey data taken by the USA@ihgafrom January 2008 to

July 2012. e projectedshoaling volume for the Anchorage Basmpproximately 1,251,804

cylyr. The estimated annual shoaling rate was also calculated from the dredge records for 2004
through 2011. e total dredged volume fmothe Anchorage Basin between 2004 and 2011(8
events) was 9,253,556/ which corresporglto an annual dredging volume of 1,156,GS4yr
(USACE 2014).

2.1.3 Dredged Material Placement Areas
Dredged material from the Federal channel is typically placed ather
1 the New Wilmington Harbor ODMDS;
1 the Eagle Island Confined Disposal Facility (CDF);
1 Bald Head Island and Oak Island as beach replenishment; and

1 South Pelican Island and Ferry Slip Island as bird nesting island restoration.

2131 New Wilmington Harbor ODMDS

The Site Management and Monitoring Plan for the New Wilmington ODMDS was originally
finalized in July 2002 and an SMMP update was approved in January 2013. The 2013 updated
SMMP remains in effect. Dredged material from the ocean bar channel of the Wilmingto
Harbor Federal navigation project and from the access channel and berths at the Military Ocean
terminal at Sunny Point (MOTSU) are placed at the New Wilmington ODMDS. The updated
SMMP indicates that 2 to 3 million cubic yards of dredged material isipated to be placed at

the ODMDS annually (USACE and EPA, 2013).

Material from Bald HeadCaswell Channel, Southport Channel and Battery Island Channel is
dredged about once every four years by hopper dredge and deposited in the ODMDS. Material
from SnowsMarsh Channel to Lower Big Island Channel is dredged once every two years by
bucket and barge or by hopper dredge and deposited in the ODMDS.

The New Wilmington ODMDS has an area of approximately 9.4 square nautical miles. Existing
depths range from35 feet MLLW to -52 ft Mean Low Low Water (MLLW). The disposal
depth limitation is-30 feet MLLW (USACE and EPA, 2013). Based on bathymetry taken in
2017, the existing static dredged material disposal capacity at the New Wilmington ODMDS is
386 million cubc yards.

2.1.3.2 Eagle Island Confined Disposal Facility

The Eagle Island Confined Disposal Facility is situated on a dgd#Stract of land that forms a
peninsula between the Cape Fear and Brunswick Rivers. Eagle Island CDF is operated-n a three
cell configuraion. Cell 1 consists of 230 acres, Cell 2 is approximately 260 acres, and Cell 3 is
approximately 265 acres, for a total of 755 acres of diked uplands. Maximum dike height is
currently 40 feet above mean sea level for Cell 1 and 42 feet for Cells d8AGE 2017).

Eagle Island CDF historically receives silty material from the upper reaches of the channel (from
the Lower Brunswick channel reach to the upstream limits of the federal navigation project).
Dredged material from the upper channel reachgdased into the Eagle Island CDF with
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varying frequency (USACE 2007). Upstream of Lower Big Island Channel to the upstream
limits of the project, dredging is performed by pipeline dredge and material is pumped to the
Eagle Island Disposal Area. Maintemandredging in Upper Big Island Channel upstream
through Upper Brunswick Channel is performed every 2 years. Between Channel and the
Anchorage Basin are dredged annually. The project area upstream of the Anchorage Basin to the
upstream limits of the projeds dredged about once every 5 years. The dikes for cell 2 are
proposed to be raised to 50 feet above mean sea level (NAVD 88) and stability analyses are
currently being performed for cells 1 and 3 to determine the appropriate improvement to dike
height. The useful life of Eagle Island CDF was projected to be extended to 2032 (USACE
2017), however more recent analyses indicate that the footprint for cell 2 may be smaller than
identified in the 2017 report and the results of the stability analyses may thieaseful life
estimate.

2.1.3.3 Beach Placement at Bald Head Island and Oak Island

Bald Head Island and Oak Island form the mouth of the Cape Fear River on the east and west
boundaries, respectively. Beach management at Bald Head Island and Oak Islanch fzas bee
ongoing process. The Wilmington Harbor Sand Management Plan (USACE 2000) stipulated
that these islands would share material from maintenance dredging on a regular basis for the
purpose of shore protection. Based on the terms of that managemerBagithijead Island
receives materiain yearstwo and four; while Oak Island receives material yearsix of an

overall six-yearinterval (USACE 2000). In 2013, the results of a comprehensive annual beach
monitoring program of Bald Head Island, which sdrin 2000, came to the conclusion that
beach placement alone could not successfully offset navigation channel impacts from erosion.
Construction of a terminal groin was completed in 2015 to mitigate for these increased erosion
rates and the results adaent surveys in 2017 and 2018 showed that the groin is performing as
expected by reducing sediment losses and beach erosion. However, sand placement is still an
essential factor to maintain the existing beaches given their proximity to the high energy
environment of the Cape Fear River (Olsen Associates Inc. 2018).

2134 South Pelican Island and Ferry Slip Island Restoration and Expansion

South Pelican Island and Ferry Slip Islands are artificial, dredged islands located in the
lower Cape Fear River soutf Wilmington, which were created in the early 1970s (Personal
communication, L. Addison, Audubon NC March 2019). The islands have been a haven for
nesting pelicans, gulls, and terns for more than two decades. The two islands are the most
important nestig areas for royal and sandwich terns and support the largest colony of brown
pelicans in the southeast region of North Carolina (National Audubon Society 2010b and c).

Each island is permitted to a size of seven acres above mean high water (MHW)s|&wlh
currently occupy less than five acres each above MHW. They are periodically nourished and
need sand replenishment approximately every four to seven years in order to maintain avian
habitats. Material from Snows Marsh Channel and Horseshoe Shaah€ may be pumped to

these islands by pipeline dredge. However, recent trends have resulted in the majority of clean,
beachquality sand being diverted to local beaches instead, so these islands have been receding
due to lack of nourishment. This lack available material poses a threat to the avian species
that use these islands for nesting; as these islands have been subject to erosion, vegetative
encroachment, and human disturbance.
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2.2  Terminal Facilities

The Wilmington Harbor federal navigation cim&h provides deep draft access to MOTSU, liquid
bulk, and dry bulk terminals and to the container terminal at the Port of Wilmington. The effects
of channel constraints on containership traffic at the Port of Wilmington are the focus of this
report. Othewessel traffic and terminals are presented for reference.

2.2.1 Container Terminal

The existing terminal at the Port of Wilmington consists of 284 acres along the Cape Fear River
26 miles from the Atlantic Ocean. In total, there are nine berths providing fi, 64@vharf
frontage with ordock rail. Depth at the Berths 1 and 238 ft MLLW and depth at Berthsi3

9 is-42 ft MLLW. Maximum air draft along the approaching channel is restricted to 210 ft
above Mean High High Water (MHHW) due to electric caltessing.

There are three containership berths providing a total berth length of 2,650 feet:

1 Berth 71 700 feet;
M Berth 87 1,050 feet; and
M Berth 97 900 feet.

Currently, containership berths are being rehabilitated to provide 2,650 feet of contiguous berth
capable of simultaneously accommodating one 1f260long vessel and one 9480t long
vessel. Current berth utilization is approximately 28%, which isvoéh@ 50% utilization rate
threshold for bertiinduced delays.

The three containership berths are currently serviced by two Panamar-shigre cranes (13
box wide), four posPanamax shipo-shore cranes (1Box wide) and three super pddinamax
shipto-shore cranes (2Box wide).

Current TwentyFoot Equivalent Units (TEUsS) throughput capacity is 600,000 TEUs. Existing
berths and cranes are capable of an annual capacity of 1.4 million TEUs and do not constrain
terminal throughput (NCSPA 2018). The N&& is currently implementing Master Plan
recommendations valued at $240 million for yard, gate, and operations improvements to increase
annual throughput capacity to one million TEUs per year (see Set@oiWVithoutProject
Conditions, Wilmington Harbor @rminal Facilities).

These withouproject condition terminal improvements enhance terminal operations and
efficiency regardless of improvements to the federal channel. The NCSPA is currently realizing
benefits of larger and faster cranes, improvadoring facilities, and yard configuration.
Planned future improvements will further increase the efficiency of cargo flow at the terminal.

2.2.2 Bulk Terminals

A baseline understanding of the existing terminals along the Cape Fear River is provided here as
a referenceVessels calling at thegerminals contribute to vessel traffic the channel but are

not constrained by existing channel dimensidresminals along the Cape Fear RiyEigure 2

3) between the mouth of the river and #hechorageat Wilmingtoninclude:
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1 Archer Daniels Midland (ADM) Terminal : The ADM terminal is located on the green
side of the Snows Marsh range (Station 1180+00). This terminal receives tankers up to
Panamax size.

1 Military Ocean Terminal Sunny Point (MOTSU): This terminal is loc®d on a
restricted side channel on the Reaves Point Range (Station 1370+00). This terminal is
located sufficiently far from the channel that moored vessels are not of concern to the
channel widening project.

1 National Gypsum Terminal: The National Gypsumdrminal is located on the red side
of the channel approximately 1 mile south of the Port of Wilmington Berth 9. This is the
first of five private terminals encountered on the red side of the channel for inbound
transit immediately south of the Port of Wihgton Berth 9. This terminal is not
presently in use but can facilitate up to Panamax class vessels.

1 Kinder Morgan River Road Terminal: This terminal is immediately north of the
National Gypsum Terminal and receives Panamax tankers.

1 Chemserve / Blue Knigh Energy: This terminal is shared, with multiple users. Vessels
calling at this terminal include Articulated Tug Barges (ATBs) and Panamax tankers.

1 Carolina Marine Terminal : This is a bulk handling terminal, which takes vessels up to
Panamax size.

1 Apex Oil Terminal: The Apex terminal takes tankers up to Panamax size.

1 Port of Wilmington Facility : The Port of Wilmington facility consists of nine berths.
Berths 1 td6 are used for a combination of general cargo, bulker, and tanker tBafit.
7 may be usefbr general cargo, bulker, and container vesd&#sths 8 and 9 are used
for container vessels.

1 Kinder Morgan Terminal : The Kinder Morgan Terminal is immediately north of the
Port of Wilmington facility and was recently modified to make room for a latgaing
basin. The vessels for this terminal now berth at Port of Wilmington Berth 1.

Integrated Main Report i February 2020 Page 22



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

National Gypsum Terrminal

[ ] Existing Channel 0 1.000 2 000 Feet N
Dlmprmfod Channel Design N A Y (N NN RSN VO A N A

Figure 2-3
Identification of Terminals
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2.3 Landside Access

The Port of Wilmington accesses the Interstate Highway System via state highways 17 and 74.
Interstate HighwaylO provides direct access to Raleigh, the state capital and second largest city,
which is approximately 125 miles from the Port. Interstate Highway 95, the major north/south
corridor on the US east coast, can be accessed via Interstate Highway 40, wrusustete

highways. Population centers along Interstate Highway 95 are Fayetteville and Rocky Mount.
The stateds | argest city, Charlotte, iIs acces
Charlotte is approximately 200 miles from the P@ther population centers in the state include

cities along the Interstate Highway 85 corridor such as Durham, Chapel Hill, Greensboro, and
WinstonSalem, which are all accessible via a combination of state and interstate highways.

On-dock rail at the Porof Wilmington is provided by CSX via the Queen City Service, which
provides the only daily service to the CSX intermodal facility Charlotte from an east coast port.
The Queen City Service will also provide daily service to the CSX Carolina Connector
intemodal facility, currently under construction in Rocky Mount, NC. The CSX Carolina
Connector hub will connect the Port of Wilmington with the entire CSX network.

2.4 Port Hinterland

Vessel cargo data provided by PIERS for all vessels calling at the Port mfngtibn during

2017 and 2018 was analyzed to assess the TEUs transported, hinterland origin and/or destination
of commodities, and characteristics of vessels used to transport goods. To locate the hinterland
origin or destination of cargo transiting thghuthe Port of Wilmington, the company name and
location information provided were reviewed for all companies transporting a total of at least 10
TEUs of commodities during the twgear span.

Company locations in North Carolina, but not associated withitlzheld company name nor
associated with a 3PL company, were assumed to be accurate. This assumption was based on the
geographic proximity of Wilmington to alternative ports in Norfolk, VA and Charleston, SC and
relative efficiency of using the Port ailmington for the transport of goods to or from
destinations in North Carolina. The city and state provided in the PIERS data for many
shipments is a corporate headquarters rather than a manufacturing facility or distribution center
and does not likely eflect the actual origin or destination of goods. For this reason, all
companies with a location outside of North Carolina and transporting goods through the Port
were evaluated for regional offices, production facilities, or distribution centers cldberRPort

and assigned the more proximal location if found. If no alternative location could be found, the
location provided in the PIERS database was used.

As shown in Table 2, the PIERS database contains 6,644 unique combinations of company
name anddcation for cargo transiting through the Port of Wilmington in 2017 and 2018.
Although 4,777 distinct company names were found in the data, many companies were
associated with multiple | ocations, i ncl udi n¢
value provided. In addition, some company names were repeated using various spellings or
abbreviations. Of the 4,777 unique companies, 591 were identified as withheld or 3PL and the
associated 1,138 company locations were excluded from mapping. The &dERBentified

2,001 companies with locations within North Carolina and 3,505 company locations outside of
North Carolina.
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Table 2-2
Company Locations in the PIERS Database
Designation Company Locations
Third Party Logistics 1,138
North Carolina 2,001
Not within North Carolina and not 3PL 3,505
Total 6,644

Those company locations outside of North Carolina with more than 10 TEUs of cargo transiting
the port in 2017 and 2018 were reviewed (see Tal8e 2Corrected locations within North
Carolina werdound for 1,460 company locations and 493 company locations were verified to be
outside North Carolina, with a mean total TEUs for company locations of 33 and 25.8,
respectively. The remaining 1,552 company locations (44% of the 3,505 locations owttide N
Carolina) could not be verified and the location provided in the PIERS database was used;

however, the mean TEU total for these locations is 5.6 TEUs over two years.

Table 2-3
PIERS Database Company Locations Outside North Carolina
Designation Company Locations Percent al\t/lﬁiga-lt-ilcz)gss
Location found within NC 1,460 42% 25.8
Verified not within NC 493 14% 33.0
Used PIERS location 1,552 44% 5.6
Total 3,505 100%

The landside geographic distribution of cargoes transiting through the Pafitnaihgton was
assessed by distributing all TEUs associated with mapped company locations {Fabkbdut
two-thirds of all TEUs were mapped. For mapping purposes, North Carolina was divided into

seven regions as groups of counties and TEU totalssuenened for each region (Figuret
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Geographic Distribution of TEU-I;a'It')rIansiang the Port of Wilmington
Hinterland Import Export :I.FESL P.?.Liglm
Charlotte 19,077 11,193 30,270 11.9%
East 3,169 7,977 11,146 4.4%
Northeast 174 12,273 12,446 4.9%
Piedmont Triad 35,343 6,058 41,401 16.2%
Research Triangle 22,020 9,281 31,301 12.3%
Southeast 14,820 74,962 89,783 35.2%
West 4,371 799 5,171 2.0%
Not North Carolina 22,109 11,260 33,370 13.1%
Total Mapped TEUs 121,084 133,804 254,887 100%
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Figure 2 -4
Geographic Distribution of TEUs Transiting the Port of Wilmington
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It is important to note that 33,370 TEUs (13.1%) of the mapped TEUs are located outside North
Carolina; howeverthis total includes those company locations that could not be identified as
more proximal to the Port of Wilmington and is likely an overestimate. Some portion of these
TEUs are likely imported to or exported from North Carolina.

2.5  Port of Wilmington Operat ions

The Port of Wilmington is the largest terminal complex at Wilmington Harbor. The Port handles
break bulk and bulk commodities and is the only container terminal at Wilmington Harbor. The
project depth at Wilmington Harbor i42 feet MLLW. Historicaly, the maximum sailing draft

is -41 feet, which is confirmed through pilot interviews and pilot log data. Vessels with drafts
greater than 38 feet are required to transit using tidal advantage. Up to four feet of tidal
advantage is available, but vessetsy seldomly load to 42 feebecause of the infrequency of
such a high tide.

The majority of the deepest draft vessels calling at Wilmington Harbor are containerships on U.
S. East Coast to Asia (USEA&Xia) services (Table-B8). All of the deeply loadedressels
included in Table2-5 were engaged in international trade with the dry bulkers, general cargo,
and wood chip vessels arriving light and departing loaded (exports). Liquid bulkers arrived
loaded and departed light (imports). Sevesdgyen percent adhe deeply loaded containerships
had drafts deeper on departure.

Table 2-5
Vessel Calls with Drafts Greater Than 37 feet (2018)

Vessel Draft (ft) Containerships Bulk

41 5 7

40 10 5

39 18 15

38 13 2

37 21 9

Total 67 38

The analysis of vessel operations focused on containerships on the-A$&EGervices
operating at the Port of Wilmington. In 2018, 60% of all containerized cargo at the Port of
Wilmington was on USE@\sia services. The remaining containerized cargoamaservices to
Europe, the Miekast, and Central and South America that are not constrained by existing
channel dimensions. Bulk commodities and-A@ma containership services are identified briefly

as background information. Bulk and RAgmia containeisip operations are not projected to
change substantially under wignoject alternatives. Although some dry bulk and liquid bulk
vessels may load more deeply under wgitbject conditions, the small number of annual vessel
calls that might take advantagé deeper depths would have only a marginal influence on

"In 2018, two containerships and one bulk vessel loaded to 41.66 feet.
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economic justification and would not influence plan selection (see Section 5: Formulation and
Preliminary Evaluation of Alternatives).

2.5.1 Existing Cargo Characterization

Commodity types moved through Wiington Harbor (Tables-B through 29) are categorized

as breakbulk, bulk, and containerized cargo. Breakbulk cargo consists of cargo, which is
handled as individual pieces, palletized cargo, bundled cargo or cargo that is packaged as
individual units.Breakbulk cargo which regularly moves through Wilmington Harbor includes
forest products, metal products, bagged fertilizers, bagged cement, logs and wood pulp.

Bulk cargo is typically handled through a conveyance system, which may include pipelines,
conveyor belts, augers, and bucket systems. Bulk cargo handled at Wilmington Harbor includes
ores, stone products, wood chips and pellets, feeds and agricultural products, and chemicals.

Containerized cargo includes a great variety of commodities, including materials,
manufactured products, liquids, agricultural products, and refrigerated goods. The container
terminal at the Port of Wilmington moves loaded and empty containers. Filling and emptying
containers (stuffing and stripping) also occurs at the. Pbine number of containers handled at

the Port of Wilmington has increased recently (Tabi®) 2lue to the increased capacity of
vessels calling at the port.
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Table 2-6
Total Foreign Trade Tonnage Wilmington Harbor 2000 -2016
Thousands of Short Tons

Year Imports Exports Total
2000 1,852 1,098 2,950
2001 2,203 898 3,101
2002 1,914 877 2,791
2003 2,532 761 3,293
2004 3,181 859 4,040
2005 3,555 912 4,467
2006 3,957 979 4,936
2007 3,694 1,206 4,900
2008 3,500 1,005 4,505
2009 3,363 1,334 4,697
2010 3,596 1,230 4,826
2011 3,427 1,418 4,845
2012 4,252 1,304 5,556
2013 4,006 1,826 5,832
2014 3,510 1,872 5,382
2015 3,200 1,698 4,898
2016 3,138 1,699 4,837

Source: WCSC
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Table 2-7

Wilmington Harbor Import Tonnage

Major Commodities
Thousands of Short Tons

Import Commaodity 2016 2015 2014 2013 2012
Other Chemicals and Related Products 581 692 847 901 924
All Manufactured Equipment, Machinery and Products 530 601 553 509 547
Fertilizers 530 700 618 510 653
Wheat 318 0 80 0 213
Sulphur (Dry), Clay & Salt 247 2 2 3 2
Primary Iron and Steel Products (Ingots,Bars,Rods,etc.) 186 78 77 72 196
Primary Non-Ferrous Metal Prods;Fabricated Metal Prods. 134 168 158 149 171
Corn 121 167 0 677 572
Other Agricultural Products; Food and Kindred Products 80 78 138 45 104
Forest Products, Lumber, Logs, Woodchips 70 70 34 60 84
Source: WCSC
Table 2-8
Wilmington Harbor Export Tonnage Major Commodities
Thousands of Short Tons

Export Commaodity 2016 2015 2014 2013 2012
Forest Products, Lumber, Logs, Woodchips 510 519 501 499 333
Pulp and Waste Paper 415 334 392 462 356
All Manufactured Equipment, Machinery and Products 273 302 384 221 170
Other Agricultural Products; Food and Kindred Products 137 122 120 143 100
Other Chemicals and Related Products 98 127 137 150 124
Paper & Allied Products 88 96 92 104 58
Unknown or Not Elsewhere Classified 41 45 78 51 16
Primary Iron and Steel Products (Ingots,Bars,Rods,etc.) 31 21 20 44 16

Source: WGC
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Table 2-9
Port of Wilmington Annual TEUs

Year TEUs Year TEUs
1990 92,720 2005 148,784
1991 83,651 2006 177,634
1992 106,786 2007 191,070
1993 110,425 2008 196,040
1994 98,667 2009 225,176
1995 104,038 2010 265,074
1996 103,579 2011 287,469
1997 105,786 2012 270,792
1998 112,940 2013 260,363
1999 133,926 2014 278,962
2000 105,110 2015 291,843
2001 107,374 2016 260,195
2002 100,170 2017 259,819
2003 96,453 2018 331,793
2004 104,122

Source: AAPA and NCSPA

2.5.2 Existing Containership Fleet

For more than twentyears, there has been a continuous growth in the size of container ships,
including length, beam, draft, deadweight tonnage, and TEU capacity. Details of this increase in
vessel size is presented in the following sections for the world fleet, the fitetetivices the

USEC and Asia, and the fleet that services the Port of Wilmington and Asia. Some of the
increase in vessel size can be attributed to the 2016 expansion of the locks at the Panama Canal,
which increased maximum vessel size at the improwekk|from approximately 965 feet length

over18 all (LOA), 106 feet beam, and 40 feet draft to 1,200 feet LOA, 160 feet beam, and 50 feet
draft’.

The benchmark for container ship size used in this analysis is the vessel size classification
system (Table -20) used by the DDNPCX in the Norfolk Harbor Channel Deepening Study
(USACE 2018). The Panamax reference used in the DDNPCX classification is the maximum
vessel size of vessels accommodated by théoolds at the Panama Canal. The PBshamax
designationrefers to all vessels larger than Panamax vessels. The Panama Canal size

8 panama Canal Authority Vessel Requirements, OP Notice to Shipping-Na018, 01 January 2018.
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restrictions, old and new, are a major factor in containership design because passage through the
Panama Canal is the shortest route for vessels traveling from Asian ports e@sham\fo the

USEC. As presented in following sections, containership traffic through the Panama Canal
gravitates towards the largest vessels that can fit through the canal because of the economic
efficiencies of moving as much cargo as possible onglesiressel.

Table 2-10
Vessel Size Classification System

Min Max
Name Class Beam Beam Max TEU

(ft) (ft)
Sub-Panamax SPX 76 98 2,824
Panamax PX 99 106 5,089
Post-Panamax Generation 1 PPX1 107 132 6,732
Post-Panamax Generation 2 PPX2 133 142 8,648
Post-Panamax Generation 3 PPX3 143 158 10,100
Post-Panamax Generation 3 Max PPX3Max 158 168 14,036
Post-Panamax Generation 4 PPX4 158 194 21,413

The DDNPCX classification system used in the Norfolk Harbor Channel Deepening Study
includes SPX to PPX3Maxessels. The classification scheme used in this analysis is augmented
by the addition of the PPX4, which includes all vessels larger than PPX3MaxPaBamax
vessels (SPX) are not included in the characterization of existing and future fleets begpause th
do not participate in the major liner services, which are the focus of this analysis.

2521 Existing Conditions: World Fleet

The characteristics of the world container ship fleet (Takl&)4ndicate that the larger vessels

in the fleet are also theewestvessels. The progression of increase in vessel size since 1995
(Table 212) is exhibited by the average TEU capacity and vessel draft for vessels built from
1995- 2018. The average TEU capacity of vessels built in 2018 is three times larger than the
ava age TEU capacity of vessels built in 1995.
category include vessels on order, under design, or under construction. These vessels are
predominantly PPX3Max and PPX4 vessels (Tabl)2 When these new buildessels are

added to the world fleet (2 to 3 years), and assuming no scrapping of older vessels, the two

| argest vessel classes will accouldt Cufremtty, 46 % o
the average age of vessels in the PPX3Max and PRa8bes are 6 year and 3 years,
respectively.

° The distance from Saigon to the Port of Wilmington is 11,121 nautical miles via the Suez Canal and 11,470
nautical miles via the Panama Canal (source:wwwdgstances.org)
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Table 2-11
Existing World Container Ship Fleet Characteristics
Class Number of Averagg Year Average Average _TEU
Vessels Built Draft Capacity
PX 549 2007 42 4,466
PPX1 399 2005 45 6,041
PPX2 325 2008 46 7,938
PPX3 282 2013 47 9,362
PPX3Max 275 2013 50 12,725
PPX4 163 2016 51 17,400

Sourcewww.Lloydslistintelligence.conaccessed 01Jan2019

Table 2-12
Average Vessel Characteristics by Year Built
Year Built AvégigaecinEU A\/Der;af?e
1995 4,890 45
2000 5,581 45
2005 6,014 45
2010 7,608 45
2015 10,946 48
2018 14,913 49

Sourcewww.Lloydslistintelligence.conaccessed 01Jan2019

Table 2-13
New Build Vessel Characteristics
Number of Average TEU

Class .

Vessels Capacity
PX 40 3,733
PPX1 1 6,500
PPX2 0 0
PPX3 2 8,800
PPX3Max 59 12,014
PPX4 88 18,811

Sourcewww.Lloydslistintelligence.conaccessed 01Jan2019
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Table 2-14
Existing and New Build TEU Capacity Allocation

Class Number of Total TEU % TEU

Vessels Capacity Capacity
PX 589 2,601,039 14%
PPX1 400 2,416,810 13%
PPX2 325 2,579,798 14%
PPX3 284 2,657,682 14%
PPX3Max 334 4,208,297 22%
PPX4 251 4,491,627 24%

Sourcewww.Lloydslistintelligence.comaccessed 01Jan2019

25.2.2 Existing Conditions: USEC to Asia Fleet

The shift to larger vessels experienced invloeld fleet has also occurred in the fleet servicing

the USEC and Asia (Tables1® through 217). The three international ports shown in Tables 2

15 through 217 are all east of Viet Nam, therefore the shortest distance to east coast ports is
through thePanama Canal. Nonetheless, carrfietgdit in their economic interest to use Post
Panamax vessels traveling to the USEC via the Suez Canal, as the data shows for 2013. The
shift to larger vessels continued through 2018 with PPX3 and PPX3Max vesssdfiyiyable to

use either the Panama Canal or the Suez Canal. Panamax vessels have all but disappeared from
these routes due to the superior economic advantage of larger vessels.

Table 2-15
Vessel Class Distribution for Container Ships Transiting from
Charleston to Hong Kong

Class 2009 2013 2018
SPX 4% 0% 0%
PX 91% 30% 2%
PPX1 5% 24% 11%
PPX2 0% 31% 15%
PPX3 0% 16% 38%
PPX3Max 0% 0% 34%

Sourcewww.lloydslistintelligence.comccessed 14Feb19

Integrated Main Report i February 2020 Page 34


http://www.lloydslistintelligence.com/
http://www.lloydslistintelligence.con/

Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Table 2-16
Vessel Class Distribution for Container Ships Transiting from
Savannah to Qingdao

Class 2009 2013 2018
SPX 1% 0% 0%
PX 99% 82% 7%
PPX1 0% 13% 3%
PPX2 0% 5% 27%
PPX3 0% 0% 31%
PPX3Max 0% 0% 32%

Sourcewww.lloydslistintelligence.comaccessed 14Feb19

Table 2-17
Vessel Class Distribution for Container Ships Transiting from
Busan to New York

Class 2009 2013 2018
SPX 0% 0% 0%
PX 96% 81% 3%
PPX1 4% 10% 12%
PPX2 0% 4% 28%
PPX3 0% 6% 24%
PPX3Max 0% 0% 34%

Sourcewww.lloydslistintelligence.comccessed 14Feb19

The economic advantage of larger vessels is the major factor in the increase insizessel
Containerized shipping among the worl dds majo
offering very similar ortime weekly service. Each major port is served by multiple carriers
providing a similar service, which makes containerizedmhgvery price competitive. Without

the ability to increase prices higher than competitors, carriers have been reducing shipping costs
through fleet modernization and substantial increases in vessel size. Based on 2017 USACE
Vessel Operating Costs deveé by the Institute for Water Resources, with vessels traveling at
service speed and at 85% TEU capacity, the cost of moving a TEU on a 13,000 TEU vessel
(PPX3) is 57% of the cost of moving that TEU a similar distance on a 4,800 TEU vessel (PX).
This extaordinary cost difference explains the replacement of PX vessels with larger post
Panamax vessels on the major USEC to Asia services exhibited in Tdlaésrdugh 217.

USEC ports are modernizing to better handle PPX3, PPX3Max, and PPX4 vessels thoug
landside improvements such as larger cranes, longer and deeper berths, terminal automation and
densification, and through navigation channel improvements. Current examples of landside
i mprovements include the Port enabling aixv B4)000a h 6 s
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TEU vessels to be services simultaneoslg n d t he Port of Jackso
improvements to service two peRanamax vessels simultaneodslyThe combination of

ongoing terminal and navigation channel improvements describedeinwithout project

condition will ensure continuance of the trends exhibited in TabléstRrough 217.

25.2.3 Existing Conditions: Wilmington Fleet Servicing Asia

The shift to larger vessels on the USEC to Asia services has also occurred at the Port of
Wilmington. Despite the bankruptcy of Harlfirin August 2016, which was the dominant
carrier at the Port of Wilmington, the carriers providing service from Wilmington to Asia have
consistently increase vessel size to the extent that conditions at the Portrohdddh allow

(Table 218). However, these larger vessels cannot operate to their full efficiency at
Wilmington, due to existing channel constraints.

Table 2-18
Vessel Class Distribution for Container Ships Asia Services
Calling at the Port of Wilmington

Class 2009 2013 2018 2019 2020
SPX 1% 1% 0% 0% 0%
PX 99% 99% 33% 0% 0%
PPX1 0% 0% 5% 0% 0%
PPX2 0% 0% 41% 20% 0%
PPX3 0% 0% 21% 74% 78%
PPX3Max 0% 0% 0% 6% 22%

Sourceswww.lloydslistintelligence.comccessed 14Feb19; NCSPA Data;
https://www.zim.com/schedules/schedbleport accessed 23Febafd 30Jan20and
https://www.on€dline.com/accessed 23FebHad 30Jan20

The Port of Wilmington data for 2018 reflect the transitions in Asia services, which began that
year. Two substantive changes occurred in 2018, which shiféedizb of the fleet servicing

Asia. The first change was the integration of the three major Japanese cartiérs,(KIOL,

and NYK) into the Ocean Network Express (ONE), which together with Yang Mingndai
Merchant MarineHapagLloyd, and United Aralshipping Corporation (UASC) comprise THE
Alliance. The increased cooperation among carriers allows the deployment of large vessels with
high utilization rates.

The second change that occurred in 2018 was the commencement of strategic operational
cooperabn in USEGAsia trade by Zim and members of the 2M Alliance (MagMBC, and
HamburgSud. This cooperation includethe carriers operating five USEASia services
together, with Zim operating one service and 2M operating the other four services.inThe Z

1 port Technology International 06Feb19

1 port Techntogy International 05Mar19

“Note that at the time of Hanjinés bankruptcy it had a
smaller with no PPX3Max or PPX4 vessels, which made it difficult for Hanjin to compete on major services.
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service calls at the Port of Wilmington. This change consolidated two services, one operated by
Maersk and one operated by Zim, into one service with larger vessels.

The result of the changes that began in 2018 can be seen in the vessel sizéatistoibthe

Port of Wilmington in 2020. The 2020 data is based on vessel schedules published on the Zim
and ONE websites for vessel calls from January 2020 through April 2020. The schedules include
vessels from members of the two alliances (THE and 2WBssels in the current schedule for

the EC2 service range in TEU capacity from 9,978 TEUs to 10,100 TEUs, with an average
capacity of 10,070 TEUs. Vessels on the current schedule for the ZCP service range in TEU
capacity from 9,178 TEUs to 11,010 TEUS ttwan average capacity of 10,286 TEUs. On
January 1, 2020 the THE Alliance announced that it will transitions the EC2 service into vessels
with 13,100 TEU capacity starting in April 2020. The partgall for the two USEEAsia
services calling at the Raof Wilmington are presented in Tabl€elQ.

Table 2-19
Existing Conditions: Ports -of-Call for Asia Services
Calling at the Port of Wilmington

ZCP Service (Zim/2M) EC2 Service (ONE)
Tianjing Xingang Qingdao

Qingdao Ningbo

Ningbo Shanghai
Shanghai Busan

Pusan Panama Canal

Panama Canal

Manzanillo (PA)

Kingston New York, NY
Savannah Boston, MA
Charleston Wilmington, NC
Wilmington, NC Savannah, GA
Jacksonville Charleston, SC
Kingston Manzanillo (PA)

Panama Canal

Panama Canal

Slavyanka

Qingdao

Pusan

Tianjing Xingang
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3 BASELINE CONDITIONS/AFFECTED ENVIRONMENT

The study area encompasses areas potentially affected by proposed harbor channel modifications
and associated dredged material disposal activities; includinGdpe Fear Riveestuary and
surrounding areas, the barrier island beaches of Bald Head Island and Oak Island, and offshore
areas encompassing the ocean entrance channel and Wilmington ODMDS 3Hyure

Legend

B cowmps I — L IMiles
|| Federal Navigation Channel 0 4 8 16 24
E Approximate Study Boundary

Figure 3-1
Study Area 1 Wilmington Harbor Navigation Improvement Project
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As defined for purposes of this study, the Cape Fear River estuary encompasses the tidally
affected river systems and wetlands of the lower Cape Fear River basin; including the mainstem
Cape Fear River from the Atlantic Ocean up to Lock and Damt Kelly, NC [approximately

(~) 60 river miles], the Northeast Cape Fear River from its confluence with the Cape Fear River
up to NC HWY 53 (~48 river miles), and the Black River from its confluence with the Cape Fear
River up to NC HWY 53 (~24 river milgs

3.1 Geology, Soils, and Sediments

The lower Cape Fear Rivevalley between Fayetteville and Wilmington trends northeast to
southwest across a crystalline basement ridge known as the Cape Fear arch. Overlying the Cape
Fear arch are Upper Cretaceous sedimarit the Cape Fear, Black Creek, and Peedee
formations. The Cretaceous formations are overlain by Cenozoic marine sediments deposited
during cycles of transgression and regression caused by episodic sea level fluctuations. Uplift of
the Cape Fear archnse the late Pliocene has caused the river to migrate southwestward to its
current position against the southwest wall of the river valley. As a result, the modern
fl oodpl ai n, river terraces, and mosepresént t he r
day mainstenCape Fear Rivechannel (Soller 1988). The low€&ape Fear Rivefloodplain

above the mouth of the Black River exhibits a complex depositional structure that is
characteristic of large Piedmedtaining brownwater rivers, with aredgectly bordering the
river consisting of natur al upland | evees t|
influence. The levees slope downward and away from the river tdidadrwet sloughs and
complex ridge and swale systems on the outedfitain. Soils on the levees are mapped by the
NaturalResourceonservation Service (NRC&p Congaree silt loam, which is a wethined

to moderately weltirained soil formed in loamy fluvial sediment (USDA 1990). Tape Fear

River below the mouth of the Black River is characterized by a broad flat tidal floodplain that
receives overbank tidal flow directly from the mainstem channel. Tidal floodplain soils of the
upper estuary are mapped by the NRCS as Chowan silt loam and Donae&nwhile tidal
floodplain soils of the lower estuary below Eagle Island are predominantly mapped as Bohicket
silty clay loam.

The Cape Fear Rivemainstem is a major Piedmeditaining brownwater river that carries a
relatively large suspended sedimerdd consisting predominantly of Piedmaiatrived silt and

clay sized particles. The average suspended sediment lbadkatnd Dam #1s ~590 aibic

yards (y)/day or ~215,000 cy/yr, with silt and clay sized particles comprisioge than90
percentof the average load (Giese et al. 1985). In contrast, the Black Riveratitebist Cape

Fear Riverblackwater systems are characterized by relatively small suspended sediment loads
consisting almost entirelyf eroded marine terrace sands.

According to Benedé et al. (2006), the combined annual suspended sediment yield of the Black
River andNortheast Cape Fear Riveubbasins probably does not exceed 22,500 cy. Although
sands are a major component of sediment loads in the Piedmont tributaries of th€aymper

Fear Riverbasin, the majority of the sand fraction is lost to floodplain storage and deposition
behind dams during fluvial transport across the Coastal Plain. Depositional sand losses are
attributable to low stream gradients and flow velocitieosgithe Coastal Plain. As a result,

sand comprises less than 20% of the suspended load in the Coastal Plain, even during storm
events (Benedetti et al 2006). Analyses of floodplain sediments indicate that very little of the
sand in the estuary beldvock and Dam #1s derived from the Piedmont via the mainsi€ape
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Fear River(Benedetti et al 2006). The mineralogy of sands in the estuary closely resembles that
of marine sands; indicating that the material is derived from alternate sources such as the
blackwater subbasins, local estuarine sources, and/or littoral transport from the ocean. Similarly,
Giese et al. (1985) noted that the annual rate of sediment removal from the lower estuary via
dredging (~2,238,000 cy/yr) greatly exceeds annual sediment aipuock and Dam #1
(~215,000 cylyr); indicating that large volumes of sediment in the estuary must be derived from
local estuarine sources such as channel slumping or shoreline erosion and/or the ocean via littoral
transport. Sediment delivery from ti@ape Fear Riveestuary to the ocean is generally low
(Benedetti et al. 2006). However, plumes of orgaitls mud are occasionally discharged from

the Cape Fear Rivesnto the inner continental shelf following storms (Bales et al. 2000).

The inner conhental shelf of Long Bay is a sedimestarved environment with a geological
framework dominated by Cretaceous and Tertiary rock units. Inputs of new sediment to the
innershelf/barrier island system are minimal, resulting in characteristically thin r&albae
barriers that are perched on top of older rock units that constitute the shoreface (Riggs et al.
1995). The older shoreface/inrarelf geologic units have a thin covering of modern sediment
that is derived primarily from the erosion and reworkingtre underlying hard strata. The
shoreface along the adjoining beaches of Bald Head Island and Oak Island is dominated by
Cretaceous to Eocene Age sandstones and limestones that are covered by a thin and
discontinuous veneer of modern sediment (Clean8R00The hard strata are frequently exposed

on the shoreface forming extensive hardbottom areas (MardegQlearyl999). Vibracore data
indicate that the shoreface sediments along Oak Island consist predominantly of gravelly muddy
sands and muddy sandsagels intercalated with muds and muddy sands (Cleary 1999; Cleary et
al. 20@). The thickness of the modern sediment layer ranges Fess)than onench in
hardbottom areas toore than 11 ft in intervening areas.

Fugro (2017) characterized subsurfaoaditions in the various harbor channel reaches based on
analyses of seismic survey data and existing geotechnical data (Fdble Subsurface
conditions are generally characterized by thin layers of recent alluvial material overlying older
geologic formations of Cretaceous to Pleistocene age. The geologic formations are
predominantly limestone units that are generally at or near the surface in the center of the
channel. The Peedee and Castle Hayne formations alternately comprise the uppermost geologic
unit underlying the ~3nile inner harbor channel. The-mile Bald Head Shoal ocean entrance
channel is underlain by the Castle Hayne Formation (Reach 3) and a Turrdelhmeated
limestone unit that was described by Harris and Laws (1994) and 2408) as the Bald Head
Shoals Formation (Reaches 1 and 2). The lithology of the underlying formations has been
described by Harris (2000). The Peedee Formation in the vicinity of the Wilmington Harbor is
composed of two stratigraphic units, the upp@&chky Point Member and the lower typical
Peedee Formation. The Rocky Point Member in the Wilmington Harbor area consists of two
principal lithologies, an upper sandy pelecypodld grainstone layer and a lower interbedded
calcite cemented quartz sand amdigstone layer. Induration and hardness are more developed
in the upper layer where well lithified sandy, pelecypoold grainstone is most common. The
typical Peedee Formation consists primarily of unconsolidated dark gray to green very fine to
fine mwdy sand with minor thin consolidated layers of calcite cemented quartz sand. The
lithology of the Castle Hayne Limestone varies from dense well lithified wackestone/packstone
to soft friable cros$hedded grainstone. The Bald Head Shoals Formation adarately to well
indurated, medium to dark gray sandy mollusoasid mudstone, wackestone, to packstone;
with packstone being the most common lithology.
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Table 3-1

Geology and Sediment Characteristics of the
Wilmington Harbor Navigation Channel

Length Uppermost Top of Rock . .
Channel Re ach () Formation (Ft MLLW) Surficial Sediments

N. Project Limit - Thin layer of loose sediment over

Hilton RR Brg 6.718 Peedee silty/gravelly sand

Hilton RR Brg - 2559 Peedee Thm layer of loose sediment over

Isabel Holmes Brg silty/gravelly sand

Isabel Holmes Brg - . .

Memorial Brg 9,573 Peedee Thin layer of silty/gravelly sand
Thin layer of silty/gravelly sand in channel

Anchorage Basin 11.651 Peedee -41 to -52 center, thick clay/silt layer on channel
flanks

Between 2827 Peedee 41 to -54 Thin I_ayer of silt in channel center, thick
clay/silt layer on channel flanks

Fourth East Jetty 8,852 Peedee -47 to -54 Interbedded ]ayers
of fine material and sand on channel flanks

Upper Brunswick 4,079 Peedee -47 to -57 Clay layer over
sand on channel flanks

Lower Brunswick 8,161 Peedee -47 to -55 Thin silt layer over sand on channel flanks

Upper Big Island 3,533 Castle Hayne -45 to -50 ]l:lgzﬁg of fine material over sand on channel

Lower Big Island 3,616 Castle Hayne -47 to -52 Silty/gravelly sand on channel flanks

Keg Island 7,726 Peedee Silty sand

Upper Lilliput 10,217 Peedee Thin layer of fine material over silty sand

Lower Lilliput 10,825 Peedee Thin layer of fine material over silty sand

Upper Midnight 13,736 Peedee Layer of fine material over sand

Lower Midnight 8,241 Peedee Layer of fine material over sand

Reaves Point 6,531 Peedee Sar_ld Wlocc_asmnal interbedded  fine-
grained material

Horseshoe Shoal 6,102 Peedee Sand

Snows Marsh 15,775 Peedee -47 to -59 Thin layer of silty fine sand

Lower Swash 9,789 Castle Hayne Sand w/occ_asmnal interbedded fine-
grained material

Battery Island 2,589 Castle Hayne -47 to -52 Sand to clayey sand on channel flanks

Southport 5,363 No data

Baldhead-Caswell 1,921 No data

Smith Island 5,100 No data

Baldhead Shoal 4500 Turritellid Interbedded deposits of fine-grained

Reach 1 ' Limestone material and sand

Baldhead Shoal Turritellid

Reach 2 4,342 Limestone No data

Baldhead Shoal 26,658 Castle Hayne No data

Reach 3

Total (Feet) 200,984

Total (Miles) 38.1
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3.2 Shoreline Erosion

Long-term shoreline erosion trends along the western South Beach of Bald Head Island and the
east end of Oak Island have been attributed to navigation dredging modifications and associated
changes in the configuration of tlgape Fear Riveinlet ebb chanel and ebb tidal delta
(Thompson et al. 1999, Cleary 2008). As described by Cleary (2008), a natural ebb channel
realignment event in the late 1880s and the subsequent initiation of major navigation dredging
modifications divided the ebb tidal delta irdstinct eastern (Bald Head Shoal) and western (Jay
Bird Shoal) segments. The subsequent ebb tidal delta reconfiguration process initially caused
some onshore migration of sediments, resulting in accretion of the western Bald Head Island
shoreline adjacero the inlet. However, channel deepening and stabilization disrupted eastward
inlet sediment bypassing, resulting in deflation of the eastern Bald Head Shoal. Since the late
1800s, the Bald Head Shoal has lost an estimated 28i@nhntubic yards(mcy) of sediment.

The South Beach shoreline of Bald Head Island entered an erosional phase in the early 1960s
that has continued to date. Conversely, the western Jay Bird Shoal has gained significant
sediment volume since the late 1880s, apparenthhetekpense of shoreline erosion along
eastern Oak Island. Similarly, modeling by Thompson et al. (1999) showed a much larger
eastern ebb shoal lobe along Bald Head Island and a smaller ebb shoal lobe along Oak Island
under simulated historical (1872) bwthetric conditions. Furthermore, rates of eastward
transport along the east end of Oak Island and westward transport along the west end of Bald
Head were substantially lower, resulting in reduced transport into river mouth. Based on
analyses of sedimentand shoaling patterns in the navigation channels, the USACE has
determined that sediments deposited in Reaches 1 and 2 of the Baldhead Shoal Channel are
derived from Bald Head Island, while sediments deposited in the Smith Island Range are derived
from O& Island via Jay Bird Shoals (USACE &)1 The Wilmington Harbor Sand
Management Plan provides for the placement of dredged beach quality sand on the beaches of
Bald Head and Oak Island in proportion with volumetric losses from the two islands, as
determned through a lonterm shoreline monitoring program.

The seaward extent of significant faweather sediment mobilization (i.e., depth of closure)
occurs at a depth of approximately 30 ft along the Brunswick County beaches (Cleary et al.
2001). Sedimentsiobilized on the shoreface by onshore waves are picked up by longshore
currents and transported along the beach in a process known as longshore or littoral drift.
Depending on incident wave conditions, longshore sediment transport along the Brunswick
Couwnty beaches occurs in both westward and eastward directions. However, potential westward
longshore transport rates generally exceed eastward transport rates, resulting in a regional
longshore transport pattern that is predominantly westward (Thompsbri898, OCTI 2008).

Along the Oak Island beaches west Gape Fear Rivelinlet, westward transport rates
predominantly range from ~250,000 to ~500,000 cy/yr, while eastward transport rates are
~100,000 cy/yr (Thompson et al. 1999). However, a reverséieonet westward transport
pattern occurs along the easternmost ~9)0@arft shoreline reach immediately adjacent to the

inlet, where westward transport drops to near zero and eastward transport spikes to ~700,000
cylyr. Thompson et al. (1999) ahute the spike in eastern transport to the presence of Jay Bird
Shoals. Across the inlet along the westernmost South Beach shoreline of Bald Head Island,
eastward transport drops to near zero and very gradually increases moving east along the South
Beachshoreline towards Cape Fear. Conversely, westward transport rates along Bald Head
Island are high at the river mouth and steadily decline along the shoreline leading east to Cape
Fear, where the sheltering effect of the cape on the dominant eastwardppavach pattern is
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greatest. Seaward of the active shoreface-{t-80ntour), significant sediment mobilization on

the inner shelf of Long Bay is strongly related to the passage ofeniglyy storms and
associated increases in wave orbital velocitieav(s 2006). Although fingrained[~0.125

millimeters (mm)] sediments are frequently suspended during the passage of routine cold/warm
fronts and low pressure systems, full suspension conditions involving coarse sand particles are
primarily associatedwih hur ri canes and nordeasters (Warne

3.3  Hydrogeology

The major aquifers of the low€&ape Fear Rivepasin from upper to lower include the surficial,
Castle Hayne, Peedee, Black Creek, upper Cape Fear, and lower Cape Fear (Winner and Coble
1996; Lautier 1998). The upper half of the Peedee aquifer is the lowermost freshwater bearing
zone, whereas the |l@v Peedee and underlying Black Creek and Cape Fear aquifers contain
brackish water. Vertical groundwater flow is generally downward in the surficial, Castle Hayne,
and Peedee aquifers; and upward in the Black Creek and Cape Fear aquifers. Recharge occurs
predominantly through rainfall, which enters the surficial aquifer in interstream areas. On
average, the loweaCape Fear Rivebbasin receives 50 inches of precipitation annually, of which
approximately eight inches are lost to overland flow and ~32 #dme taken up by
evapotranspiration. Of the remaining ten inches that enter the surficial aquifer as recharge,
approximately nine inches are discharged laterally to rivers and streams, with just one inch or
less entering the deeper confined aquifergeelarge. The seaward limit of freshwater varies for

each aquifer according to hydraulic properties, recharge rates, hydraulic gradients, and the
properties of the overlying confining units. The general pattern of freshwater flow is seaward
from inland reharge areas to costal discharge areas; however, heavy pumping can cause the
saltwater interface to move inland towards the pumping areas. Areas where the unconfined
surficial aquifer contains saltwater include the barrier islands of New Hanover andr Pende
Counties, fringing coastline areas, and other areas where high tides cause natural salt water
intrusion.

The surficial, Castle Hayne, and Peedee aquifers in Brunswick and New Hanover Counties
exhibit a discharge relationship with the Cape Fear Rilieg limiting the potential for salinity
intrusion via lateral movements of saline river water [Lautier 1@8undwater Management
Associates, In€GMA) 2018]. However, the upward vertical hydraulic gradient in the lower
saline Black Creek and Cape Feaguifers indicates the potential for upward migration of saline
water under artesian pressure in the vicinity of pumping areas [United States Geological Survey
(USGS)Harden et al. 2003). An evaluation of Brunswick and New Hanover County well data
conduced for the Wilmington Harbor 96 Act project showed two locations, Military Ocean
Terminal at Sunny Point (MOTSU) and the NC State Aquarium, with chloride concentrations in
excess of the 250 parts per million state drinking water threshold (Lautier 198f).chloride
concentrations at MOTSU were attributed to dredged material disposal lagoons, whereas high
concentrations at the NC Aquarium were attributed to its proximity to the ocean. An additional
well at Carolina Beach had an elevated-suleshold cloride concentration of 210 parts per
million. Otherwise, chloride concentrations were low throughout Brunswick and New Hanover
Counties.

Baseline groundwater modeling for the currently proposed harbor project identified two areas
near theCape Fear Rir channel where pumping has lowered groundwater heads below sea
level, indicating the potential for surface water to migrate downward into the groundwater
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system (GMA 2018). The identified areas include Southport, in the vicinity of the Capital Power
Comoration withdrawal, and an area in the vicinity of the Carolina Beach/Kure Beach water
supply wells. A monitoring well along ti@ape Fear Rivan Southport indicates that pumping

from the Capital Power Corporation wellfield has lowered groundwatershisathe Upper
Peedee Aquifer to approximately four feet beloean sea leveMSL). However, sampling has

not detected any saline water, thus indicating that the Upper Peedee Aquiferdenfiakd in

the area. Furthermore, muted tidal fluctuationthewell indicate that the aquifer is not directly
connected to tidal surface water in tBape Fear River The Carolina Beach/Kure Beach
wellfield is located near a paleochannel where erosion has removed the confining layer and
exposed the Castle Haydeuifer to enhanced local recharge from the surficial aquifer. The
confining layer between the Castle Hayne and underlying Upper Peedee Aquifer is thinning and
discontinuous in the area. Groundwater pumping has lowered the potentiometric surfaces of the
aquifers below sea level, and the lack of confinement has allowed water from the surficial
aquifer and adjacent water bodies (ocean @age Fear Rivgérto move downward into the
Castle Hayne and Peedee Aquifers. Localized saltwater intrusion at C&#etinh appears to

be unrelated to th€ape Fear Rivenavigation channel, as the lowered surface below sea level
does not extend beneath the current rigehe navigation channel.

3.4  Surface Water Hydrology , Tides, and Currents

The Cape Fear Rivebasin orignates in the nortlcentral Piedmont above Greensboro and
extends ~300 miles southeastward to the Atlantic Ocean below Wilmington. The basin is the
largest in NC, encompassing ~9,149 square miles and an estimated 6,300 miles of streams.
Major tributary sibbasins include the Haw and Deep River subbasins in the Piedmont and the
Black River and\ortheast Cape Fear Riveubbasins in the Coastal Plain. Tha&pe Fear River
mainstem originates at the confluence of the Haw and Deep Rivers in Chatham County and
flows ~200 miles southeastward to the ocean below Wilmington. Major hydrological
modifications that affect flow in the low&ape Fear Riveinclude the B. Everett Jordan Lake
Dam located on the Haw River just above its confluence with the Deep Rivérraadowhead
navigation lock and dam structures on @epe Fear Rivamainstem in Bladen County. Flow in

the Cape Fear Rivenas been regulated by operations at the Jordan Lake dam since 1982. Water
storage in Jordan Lake is managed for water supRble{ghDurham), flood control, and
maintenance of downstream flow. Flow releases are typically adjusted within a range of 130
200 cf/s to maintain a minimum low flow discharge of 6@bic feet per second (cf$h the

Cape Fear Rivamainstem at Lillingbn, NC.

The USACE operates three ldvead navigation lock and dam structures on the mainGtgme
Fear Riverin Bladen County. The lowermokbck and Dam #Xtructure is located ~39 river
miles above Wilmington and marks the upper limit of tidal infeem the mainsterG@ape Fear
River. The impounded mainstem reach abbwek and Dam #Xerves as the water supply for
the Wilmington metropolitan area. Seasonal fluctuations in flokoak and Dam #lare
characterized by low flow conditions from rmsdimmer to midfall and high flow conditions
during the winter and early spring. During low flow conditions, there is typically &hHedad
difference between the above and below dam podl®ekt and Dam #1 The head difference
decreases with increasingw, and at flows >25,000 cfs is reduced to just fee  wi7titbf O
water over the dam. Thef2head difference corresponds to a river surface water elevation of
~19.1 ft (NGVD 29). River waters reach flood stage at an elevation of ~21.1 ft (NGYD 2
which corresponds to a discharge of ~42,200 cfs. Thetking mean discharge hbck and
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Dam #lunder regulated flow conditions (198P16) is 5,065 cfs; with annual means ranging
from 10,740 cfs (2003) to 1,833 cfs (2002) (TaBl2). The Black Rier joins theCape Fear
River mainstem ~26 miles belowock and Dam #1 The Black River drains a watershed of
1,574 square miles that is contained entirely within the Coastal Plain.-teong19822016)
average discharge at the Black River USGS gage near Tomahawk is 765 cfs3(Zabl€he
Northeast Cape Fear Rivgins theCape Fear Rivemainstem ~39 miles belolaock and Dam

#1 at Wilmington. TheNortheast Cape Fear Riverains a watershed of 1,741 square miles that

is also entirely within the Coastal Plain. Average discharge for the period of20982at the
Northeast Cape Fear RivelSGS gage near Burgaw was 687 cfs (TabRand Figure 2).

The Cape Fear Rivemainstem, Black River, antlortheast Cape Fear Riveomprise the
principal sources of freshwater inflow to t@ape Fear Riveestuary, contributing aombined
long-term mean discharge of 6,517 cfs based on the USGS gage data described above. The
estuary receives additional relatively minor freshwater inputs from numerous tidal creeks;
notably Sturgeon Creek, Smith Creek, Barnards Creek, Town Crekkilgput Creek.

The Cape Fear River estuary is strongly affected by lunar semidiurnal ocean tides that propagate
~60 miles up the Cape Fear River mainsterhdok and Dam #hear Kelly, ~25 miles up the
Black River to the vicinity of the NC HWY 53 Bridgand ~50 miles up the Northeast Cape
Fear River to the vicinity of Holly Shelter Creek. Mean tidal range increases from 4.3 ft at the
river mouth to 5.1 ft at Wilmington. Mean tidal range in the mainstem Cape Fear River steadily
declines above Wilmingtg reaching a low of approximately one foot.atk and Dam #1 The

diurnal tidal cycle drives regular reversals of flow in the river, except during periods of high
freshwater discharge. Strong tidal currents can exceed three feet per second initeé relat
narrow Cape Fear River channel above Wilmington. The Cape Fear River estuary may exhibit
partial mixing under some flow conditions, but generally exhibits aaeflhed salinity gradient

with depth. Upstream density currents along the channebrbditave been observed in the
lower estuary. Tide gauge records show a near doubling of the mean tidal range at Wilmington
[river kilometer (rkm) 47] from 2.8 ft to 5.1 ft since the late 1800s, but only a slight increase of
0.2 ft near the ocean at Southipsince the 1920s (Famikhalili and Talke 2016). Similarly, mean
high water (MHW) at Wilmington has increased at a rate of 1.38 ft/century since ti©8fld,

more than double the rate of sea level rise at Wilmington (0.66 ft/century) during the same
period (Flick et al. 2003). A recent modeling study indicates that the disproportionate increase in
tidal range at Wilmington is predominantly attributable to the incremel@apeningof the

harbor channel since the late 1800s (Famikhalili and Talke 2016).
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Table 3-2
1982-2016 Mean Annual Discharge at USGS Gage Stations * on the Cape Fear
River at Lock and Dam 1, the Black River near Tomahawk,
and the Northeast Cape Fear River near Burgaw

Mean Discharge (cfs)

2
Water Year Cape Fear River Black Northeath_Cape Fear

iver
1982 5906 738 522
1983 6080 1070 1075
1984 8529 1093 817
1985 3557 526 398
1986 3110 327 338
1987 5258 870 793
1988 2865 465 349
1989 7019 802 554
1990 6415 687 650
1991 5430 814 711
1992 3552 657 558
1993 7003 1005 785
1994 4476 535 358
1995 5999 991 644
1996 7695 1083 940
1997 6238 898 803
1998 8428 1289 1234
1999 4207 973 1101
2000 5826 1175 1010
2001 3006 468 544
2002 1833 403 319
2003 10740 1265 1096
2004 4499 760 818
2005 4152 447 423
2006 3301 683 964
2007 5119 713 724
2008 3201 630 394
2009 3720 611 364
2010 5560 852 760
2011 2013 460 522
2012 2224 334 539
2013 4561 554 637
2014 4844 660 791
2015 3685 789 756
2016 7236 1161 757

Average Discharge

1982-2016 5065 765 687

'USGS Gage Stations 02105769 (Cape Fear River), 02106500 (Black River), and 02108566 (Northeast Cape Fear River)
2USGS water years run from 1 Oct - 30 Sept and are designated by the calendar year in which they end.
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Figure 3-2 Mean Annual Discharge at USGS Gage Stations on the Cape Fear River, Northeast Cape Fear River ,
and Black River

Integrated Main Report i February 2020 Page 47



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

3.5 Wind and Wave Climate

On theinner shelf [depths <20 meters (m)] of Long Blycal wind stress is the principal driver

of alongshore currents, while tides are responsible for much of thestrelécurrent (Pietrafesa

et al. 1985a and 1985b). Whalliven currents are strongly colated with synoptic scale (2 to

14 days) wind events that are driven by low/high pressure systems and associated cold/warm
fronts. Results from wave hindcast studies indicate that the ocean wave climate along the
western flank of Cape Fear is dominatedsbhyall (mean = three feet), short period (mean = 5.2
seconds) wind waves out of the southeast sector (Jensen 2010). During the spring and summer,
prevailing winds are out of the southwest, and the predominant direction of wave approach is
from the south. As the prevailing winds shift to the northeast in the fall, the predominant
direction of wave approach shifts to the southeast. During the winter, the prevailing winds are
out of the nortmorthwest, and the predominant direction of wave approach is tiieneast.

The wave climate is influenced by Cape Fear and its associated shoal complex (Frying Pan
Shoals), which shelter the weatdjacent Brunswick County beaches from the ‘dghrgy
northeast winds and waves that otherwise dominate the region.h@lkeriag effect results in a
relatively lowrenergy nearshore wave regime dominated by small,-pkadd, southerly waves
(Jensen 2010).

3.6 Sea Level Rise

Based on tide gauge sea level data from 1BBE/, the relative sea level trend at Wilmington is

2.3 mml/yr or 0.75 t/century. The National Oceanic and Atmospheric AdministratibiOAA)

sea level rise trends are based on sea level changes relative to a local fixed reference point on
land, and thus are referred to as relative sea leve|RISER). Per URCE guidance (ER 1160

2-8162), this study considers a range of potential future sea level rise scenarios (low,
intermedi at e, and high). The Al ow0O scenari o
historical rate. Per USACE guidance, sea levehchae r at es f or the dinter
scenarios were derived from the extrapolation of rate curves developed by the National Research
Council (NRC) (1987). Projected future sea level changes through the end of the proposed
projectods deangegram (.34 ft ende( tRellotv scenario to 2.57 ft under the high
scenario (Tabl&-3).

Table 3-3
Relative Sea Level C hange at Wilmington through 2077

Relative Sea Level Rise Scenario Relative Sea Level Rise (ft)

Low 0.34

Intermediate 0.88

High 2.57

3.7 Salinity Levels

Salinity levels and the position of the upper mixing zone boundary irCHpe Fear River
estuary are continually changing in response to variability in tidal conditions and freshwater
inflow. During ten years (200R2010) of salinitymonitoring in the estuary for the Wilmington
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Harbor 96 Act Project, periods of droughtluced low flow and extreme flooding significantly
impacted water levels, tidal conditions, and salinities inGhpe Fear RiveandNortheast Cape

Fear River espeally at the uppermost monitoring stations where substantial effects on water
levels were observed (Leonard et al. 2011). During normal to high flow conditions, salinities in
the mainstemCape Fear Riveat stations above Eagle Island [Indian Creek (P0lligdns
Landing (P8), Black River (P9)] were generally less tharp@rs per thousangft). During a
12-month period (June 20&Mlay 2005) when discharge was comparable to theyB@verage,
salinities at the upper P8 and P9 stations did not exc@egop@. while salinities at the lower P7
station exceeded 0.2 ppt only during the month of August (max=1.8 ppt). In contrast, during
20072008, a period of severe drought, flow releases from Jordan Lake were reduced and
salinities as high as 9.8 and 10.pt pvere measured at the P7 and P8 stations, respectively.
Salinities at the uppermo€tape Fear Rivestation (P9) near the mouth of the Black River did
not exceed 0.2 ppt during 2007/2008.

Gi ese et al . (1985) est i man tkedCape ReartRivengfari ni t y
upstream as the mouth of the Black River would require the simultaneous occurrence of an
exceptionally high tide and an exceptionally low inflow rate. Under flow conditions representing
the minimum Jordan Lake release rate antlOGyr low flow rate between Lillington and the
Cape Fear Rivemouth, the upper limit of the 0.2 ppt salt front in tBape Fear Rivewas
estimated to occur approximately eight miles above Wilmington in the vicinity of Indian Creek.
Although these dinates preceded the Wilmington Harbor 96 Act deepening project by 15 years,
measured salinities at the upper P9 station orCtyge Fear Riveappear to be consistent with

the assertion that regulated flow releases from Jordan Lake are likely to catifiitg sitrusion

to waters below the Black River. Conversely, measured salinity intrusion at the Indian Creek
(P7) and Dollisons Landing (P8) stations during drougtiticed low flow periods greatly
exceeded the upper limit of the 0.2 ppt salt front joted by Giese et al. under a minimum
water release/109r low flow event scenario. The results of the-ye@ar salinity monitoring

study suggest that the uppermost extent of salinity intrusion irC#pe Fear Riveduring
droughtinduced low flow condions is likely to fall somewhere between Dollisons Landing and
the mouth of the Black River. The data also suggest that the uppermost extent of salinity
intrusion during more typical flow conditions is likely to fall somewhere between Indian Creek
and Dolisons Landing.

Upper monitoring stations in thdortheast Cape Fear Rivat Fishing Creek (P13) and Prince
George Creek (P14) were more susceptible to salinity intrusion during tyeademonitoring

period (Leonard et al. 2011). During the more tgpdischarge period of June 200¥y 2005,
salinities at the uppermost P14 station did not exceed 0.2 ppt; however, salinities as high as 8.6
ppt were measured at P13 during the fall. During the drengdited low flow year of 2007

2008, salinities as gh as 20.1 and 9.4 ppt were detected at stations P13 and P14, respectively.

3.8  Surface Water Quality

All water bodies in NC are assigned a surface water classification that defines the best uses to be
protected (e.g., water supply, swimming, fishing). Eeelsification is subject to a specific set

of water quality standards that are designed to protect the designated uses. The waters of the
mainstemCape Fear Rivermmediately upstream and downstreamLottk and Dam #1lare
classified as Water Supply IWS-1V). This WSV classification is assigned to waters that are

used as a water source for drinking, culinary use, and/or for food processing where a more
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protective classification (W II, or Ill) is not feasible due to watershed development. The
waters immediately abovieock and Dam #Xre also classified as a Critical Area (CA) because
they are proximal to a water supply intake or reservoir where the risk of pollution has greater
consequences. The impounded Cape Fear River reach abokend Dan#l serves as the
principal water supply for New Hanover, Brunswick, and Pender Counties. Both the CFPUA
and the LCFWSA have water intakes abdweck and Dam #1 These entities service
approximately 250,000 residents in southeastern NC and pull apprekiraét million gallons

of raw, untreated water each day through 36 miles of raerwadins (CFPUA 2017).

The WSIV waters belowLock and Dam #1o the Federal Paperboard water supply intake at
Riegelwood have been assigned a supplemental classificati8warhp Waters (Sw). This
classification is associated with slow moving reaches that are flatter in topography than adjacent
waters (NCDEQ 2018. TheCape Fear Rivemainstem waters from Riegelwood to Navassa

are Class C waters with a supplemental dizssion of Swamp Waters (Sw). Class C waters

are protected for secondary recreation, fishing, wildlife, fish consumption, and aquatic life
propagation and survival. The mainstem waters from Navassa to Federal Point are Class SC
tidal saltwaters proteae for secondary recreation, fish and wmmmercial shellfish
consumption, wildlife, and aquatic life propagation and survival. The remaining maiGsisen

Fear Rivewaters below from Federal Point to the ocean are classified as SA waters. SA waters
are protected for commercial shellfishing along with all designated SC uses. SA waters are
assigned a supplemental classification of HQW (High Quality Waters) that is intended to protect
waters that are rated excellent based on biological and physical/@hehacacteristics.

The ~4mile mainstemCape Fear Rivereach below Riegelwood is designated as an impaired
water body on the NC 2016 303d list based on exceedance of the benthos criteria (NCDEQ
2018b) (Table3-4). TheCape Fear Riveirom Navassa to Southport, along with the Brunswick
River and the lower reach of tidortheast Cape Fear Rivare designated as impaired waters
based on various reaslpecific exceedances of state standards. Generally, the standards for pH
and DO are xceeded in the mainste@ape Fear Rivarach between Navassa and Motts Creek,
while the state standards for Copper, Nickel, and Arsenic are exceeded in the mainstem between
Greenfield Creek and Southport. The DO standard is also exceeded in the Brikiseticland

the state standard for Copper is also exceeded in the Novéreast Cape Fear Rivbetween

Ness Creek and theape Fear RiverClass SA commercial shellfishing waters in @agpe Fear

River below Federal Point are assigned a Shellfish GigwArea Status of Approved,
Conditional, or Prohibited based dtorth Carolina Division of Marine Fisheries (NCDMF)
Shellfish Sanitation fecal coliform criteria. A total of 1,200 acres of SA waters in the lower
estuary along with a number of additionatas in tidal creeks are designated as Piteloilon

the NC 2016 303d list.
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Table 3-4
Impaired Waters in the Cape Fear River Estuary - 2016 NC 303d List
surface Exceeded
Water Body Impaired Reach Water L
e Criteria
Classification
Cape Fear River Subbasin
g?/%? Fear Riegelwood to Bryant Mill Creek C;Sw Benthos
g?/%? Fear Toomers Creek to Navassa railroad bridge SC pH, DO
g?/%? Fear Navassa railroad bridge to Greenfield Creek SC pH, DO
C?‘pe Fear Greenfield Creek to Barnards Creek SC Copper,
River pH, DO
g?/%? Fear Barnards Creek to 0.6 mile downstream SC pH, DO
Cape Fear 0.6 mile downstream of Barnards Creek to 1.9 sc DO,
River miles downstream of Motts Creek Copper
Cape Fear 1.9 miles downstream of Motts Creek to line SC Copper
River between Snows Cut and Lilliput Creek PP
Cape Fear Line between Snows Cut and Lilliput Creek to sC (Niic::[:l)(;();lar
River line between Walden Creek and Basin .
Arsenic
Copper
Cape Fear Prohibited area north of Southport Restricted SAHOW Nickel
River Area and west of ICWW ' Arsenic
Mercury
Copper
g?‘pe Fear Southport Restricted Area SC Nickel
iver .
Arsenic
Northeast Cape Fear River Subbasin
Northeast Cape Ness Creek to Cape Fear River SC;Sw Copper
Fear River
. i Copper
Burgaw Creek Osgood Branch to Northeast Cape Fear River C;Sw
Benthos
Burnt Mill Creek  Source to Smith Creek C;Sw Benthos
Lillington Creek  Source to Northeast Cape Fear River C;Sw pH
Long Creek Source to Cypress Creek C;Sw Benthos
Brunswick River Source to Cape Fear River SC DO

Source: NCDEQ 2016

3.9 Tidal Wetlands

Human activities and sea level rise over the last two centuries have dramatically altered the
composition and distribution of tidal wetland communities in @epe Fear Riveestuary
(Hackney and Yelverton 1990). Thatial impact of European settlement, beginning in the late
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1700s, was the conversion of essentially all tidal freshwater swamp forests in the lower to middle
estuary to rice plantations. In the late 1800s, the USACE initiated major navigation dredging
modfications of river channel for access to the Port of Wilmington. Incremental channel
deepening and sea level rise since the late 1800s have increased the tidal (Gayge Hear

River, resulting in salinity intrusion and the conversion of tidal fresawatvamp forests to
brackish marsh along the middle to upper reaches of the estuary. Hackney and Yelverton (1990)
suggest that the distribution of former rice fields is a reliable indicator of theefitement

extent of tidal freshwater wetlands alofing triver, as rice is incapable of growing in fields that

are flooded by saline water >1 ppt. Based on this indicator, tidal freshwater wetlands would
have been present at least as far downriver as Orton Plantation ~12 miles above the river mouth.

Baselire studies for the currently proposed project included the development of an updated
baseline tidal wetland classification for the studyea (AppendixF. Wetland Impact
Assessment ENVI image analysis software and field surveys were employed3aagraphic
Information System GlS)-based supervised classification of the entire tidally affected
estuarine/freshwater rivéloodplain system. The final classification identified 66,671 acres of
tidal wetlands distributed among six wetland classes €l2b).

Table 3-5
Study Area Tidal Wetland Classification
Tidal Wetland Class Area (acres) Percent
Smooth Cordgrass Dominant 12,733 19.1
Brackish Mix 696 1.0
Cattail Dominant 6,066 9.1
Common Reed 2,403 3.6
Freshwater Marsh 1,379 21
Swamp Forest 43,394 65.1
Total 66,671 100

Figure 3-3 depicts an overview of the classification results for the entire assessment area. An
indexed map series along with a full description of the methods employed can be found in
Appendix E  Wetland Impact AssessmentThe remainder of this section describes the
composition of the tidal wetland classes and the general sequence of salinity driven community
level changes within the estuary.

The composition of tidal wetland communities in tB@ape Fear Riveestuary is largely
determined by their position along salinity gradients. Salt marshes consisting of nearly
monospecific stands of smooth cordgras§pattina alterniflora strongly domintge the
contiguous tidal floodplains along the polyhaline and lower mesohaline reacheaipthé&ear

River mainstem from the river mouth up to Barnards Creek (~21 river miles).-d&ffled high
marsh zones are generally absent along the lower maingtigmtypical high marsh species
such as black needlerusbuficus roemerianjsand saltmeadow cordgrass paten3 generally
comprising only a narrow and discontinuous fringe along the outer margins of the tidal
floodplain. Along the upper portion of tlreesohaline salt marsh reach, small patches of black
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needlerush are interspersed among the smooth cordgrass marshes, and big cddgrass (
cynosuroidep and saltmarsh bulrustBélboschoenus robusfusccur intermitently on the
slightly elevated river banks immediately adjacent to the channel. Dense patchemafiven
common reedRhragmites australis austra)isre interspersed throughout the salt marshes of the
lower reach. Common reed is restricted to deépad dredged material and other fill that are
slightly higher than the natural tidal floodplain and somewhat protected froos@nepto high
salinity waters.

The reach above Barnards Creek is characterized by the decline of smooth cordgrass and the
rapid establishment of narrodeaved cattail Typha angustifolip as the primary dominant
species. The marshes above Barnards Creek exhibit distinct vegetation zones; including a
narrow fringing smooth cordgrass zone along the edge of the river channel; a narofvoaoi

zone dominated by big cordgrass and -satsh bulrush; and a broad outer marsh zone
dominated by narroMeaved cattail. Cattail is a strong dominant of the oligohaline brackish
marshes along the ~iflile mainstem reach above Barnards Creek, forming vast monospecific
stands across large sections tbe tidal floodplain. The cattadominated marshes are
interspersed with dense patches of common reed and areas of mixed brackish marsh that are
dominated by variable combinations of cattail, common reed, black needlerush, big cordgrass,
and sakmarshbulrush. Along the upper portion of the mainst€ape Fear Riveoligohaline

reach (above the mouth of thiertheast Cape Fear Riyespecies that are characteristic of more
diverse freshwater marsh communities begin to occur sporadically along thensnafghe
channel; including wild riceZjzania aquaticg bull-tongue arrowheadS@gittaria lancifolig,
pickerelweed Pontederia cordatp and arrowarum Peltandra virginicg. Freshwater species

occur with increasing regularity toward the upper enthefbrackish reach, eventually becoming

a consistent component of the marsh fringe and gradually moving landward into the main body
of the marsh.

The 140 Bridge marks the approximate transition from cattarhinated brackish marshes to

tidal freshwaterarsh and swamp forest communities along @lagpe Fear Rivemainstem.
Freshwater marshes are primarily confined to a narrow ¢t1@ile) zone along the edge of the
channel, with freshwater swamp forests occupying the vast majority of tidal floodplanging

tidal freshwater marshes occur intermittently along themité river reach above thel40

Bridge before being displaced entirely by tidal swamp forests. The tidal freshwater marshes are
characterized by a diverse assemblage of species; ingludid rice, bulltongue arrowhead,
arrowarum,  pickerelweed, sawgrass Clddium jamaicenge, Ol neysgare t hr e
(Schoenoplectus americanuslotted smartweedPgérsicaria punctatum tussock sedgeCarex

stricta), water parsnip §ium suave marsh mallow(Kosteletzkya pentacarppssaltmarsh
fleabane Pluchea odoratp saltmarsh aster Symphyotrichum tenuifoliygn water primrose
(Ludwigia bonariensis and sakmarsh watehemp Amaranthus cannabinys The tidal swamp

forest communities are strongly mmated by bald cypres3gxodium distichuin water tupelo
(Nyssa aquaticg and swamp tupeld\( biflora).

Tidal wetlands along th&lortheast Cape Fear Rivare characterized by a brackish marsh to
freshwater marsh/swamp forest gradient similar to that ofCdpe Fear Rivamainstem. Cattail
marshes dominate the tidal floodplain along the lowemi8 oligohaline reach of thidortheast

Cape Fear River As in the case of th€ape Fear Riverthe transition to freshwater marsh
occurs concurrently with the establishment of expansive tidal freshwater swamp forests along the
Northeast Cape Fear RivefThe freshwater marshes are generally confined to a nawoes z
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along the edge of the channel, with freshwater swamp forests occupying the broad landward
portion of the tidal floodplain. Fringing tidal freshwater marshes occur intermittently along the
~4-mile river reach above the brackish reach before beingadisglentirely by tidal swamp
forests. As described in Appendix Wetland Impact Assessmengimilar tidal wetland
communities and patterns of vegetation change occur along the tidal creeks that join the
mesohaline to oligohaline reacheC#pe Fear RerandNortheast Cape Fear River

3.10 Benthic Communities

3.10.1 Soft Bottom

Estuarine soft bottom consisting of unvegetated, unconsolidated sediments comprises all of the
subtidal benthic habitat in the existing inner harbor channel reaches and proposed channel
expaision areas, as well as the vast majority of the subtidal benthic habitat in the overall Cape
Fear River estuary. The Cape Fear coastal region is estimated to contain ~37,800 acres of
estuarine softbottom habitat in waters less than six feet deep an¢b4948&res in waters
greater than six feet (NCDEQ 2016kstuarine intertidal flats and shallow subtidal soft bottom
habitats support a highly productive benthic microalgal community. Benthic microalgae, along
with imported primary production in the forof phytoplankton and detritus, support a diverse
community of benthic infaunal and epifaunal invertebrates; including nematodes, copepods,
polychaetes, amphipods, decapods, bivalves, gastropods, and echinoderms [South Atlantic
Fishery Management CounciSAFMC) 1998, Peterson and Peterson 1979]. Large mobile
invertebrates such as blue crabs and penaeid shrimp move between intertidal and subtidal
habitats with the changing tides. Mobile predatory gastropods (e.g., whelks and moon snails)
occur along thedwer margins of submerged tidal flats, and fiddler crélum&pp.) are common

on exposed flats during low tide (Peterson and Peterson 1979). Benthic invertebrates are an
important food source for numerous predatory fishes that move between interticaibdiddl
habitats; including spotLéiostomus xanthurlis Atlantic croaker icropogonias undulatys
flounders(Paralichthys albigutta, P. dentatus, and P. lethostignvashore lizardfish ynodus
foeten$, pinfish (Lagodon rhomboidgsred drum §ciaenops ocellatyisand southern kingfish
(Menticirrhus americanys Shallow unvegetated flats provide an abundant food source and are
relatively inaccessible to large predators (SAFMC 1998). Intertidal and subtidal flats function as
an important nursg area for numerous benthic oriented estuatiegendent species, especially
Atlantic croaker, flounder, spot, and penaeid shrimp.

Marine unconsolidated soft bottom comprises essentially all of the subtidal benthic habitat in the
existing ocean entrancehannel and proposed offshore extension reach, as well as the vast
majority of the ocean subtidal benthic habitat within the overall study &fesine soft bottom
habitats support a diverse community of benthic invertebrate infauna (burrowing orgamsms th
live within the sediment) and epifauna (organisms that live on the surface of the sediment).
Nearshore soft bottom communities along the southeastern NC coast are dominated by deposit
and filterfeeding invertebrates, including polychaetes, bivalvélusks, nematodes, amphipod
crustaceans, echinoderms (sand dollars), and gastropods (snails) (Hague and Massa 2010, Posey
and Alphin 2002, Peterson and Wells 2000, and Peterson et al. 1999). Soft bottom sites also
provide important habitat for large, mtédbdecapod crustaceans (e.g., crabs and shrimp). Based
on annual trawl surveys conducted by Posey and Alphin (2002), the large decapod assemblage in
nearshore Long Bay is dominated by white shrirhgopenaeus setiferjis brown shrimp
(Farfantepenaeus aztug, and the iridescent swimming craPoftunus gibbesji Offshore
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benthic sampling conducted by the USACE as part of the new Wilmington ODMDS site
selection process identified 311 taxa within an28 area Rickman 200R Polychaetes
accounted for 39% of the total taxa richness, followed by arthropod malacostracans (23.7%),
gastropods (14.1%), and bivalves (1.9%). Total abundance was dominated by gastropods
(34.3%), polychaetes (30.7%), and bivalves (18.4%). Dominant species included the gastropod
Caecum pulchellumthe bivalveLucina radians and the polychaet&poprionospio pygmaea

Mean densities ranged from 538 to 6,019 organisms per square meter and generally increased
with distance from shore. Statistical analysis showed a significans@velationship between

total density and sediment grain size (i.e., higher densities were associated with fine sediments).
Marine soft bottom habitats and their associated benthic invertebrate communities provide
important habitat and food resourcesrftany species of demersal (bottalwelling) fishes.

3.10.2 Hardbottom

Hardbottom habitats exhibit varying degrees of colonization by marine algae and sessile
invertebrates (e.g., sponges, soft corals, and hard corals). Marine macroalgae are the dominant
coloniang organisms on NC hardbottoms with attached, sessile invertebrates typically
accounting for ten percent or less of the total coverage (Peckol and Searles 1984). Dominant
large, attached invertebrates include the soft cofatandeum frauenfeldiiand Tdesto
fructiculosaand the hard coraDculina arbuscula The small macroinvertebrate community is
dominated by mollusks, polychaetes, and amphipods (Ksrojth 1989), and the most common

large mobile invertebrates are the purgbetned sea urchirA¢bacia punctulata and the green

sea urchin I{ytechinus variegatys Hard and soft corals are less prevalent on nearshore
hardbottoms in NC compared to offshore and more southerly hardbottoms. In the nearshore
environment, cooler water temperatures limit giewth of tropical corals (Kirbymith 1989,

Fraser and Sedberry 2008), and macroalgae outcompete the dominant hard coral (Miller and Hay
1996). Along the NC coast, tropical rdamfilding corals are restricted to deep offshore waters
(>20 miles from shong(Maclintyre and Pilkey 1969, Macintyre 2003).

Hardbottoms along the NC coast provide important foraging habitat and protective cover for
tropical, subtropical, and wartemperate reef fishes. Inmghelf hardbottoms support a higher
proportion of tempeta species such as black sea bass, spottail pidighoflus holbrooki),

and estuaringlependent migratory species (Huntsman and Manooch 1978, Grimes et al. 1982).
Lindquist et al. (1989) reported 30 species representing 14 families at a nearshoottdrardb
site in Onslow Bay. Common species included juvenile grifaerulidaespp), round scad
(Decapterus punctatiistomtate Haemulon aurolineatuin spottail pinfish, black sea bass, scup
(Stenotomuspp.), pigfish, cubbyuEquetus umbrossbelted andfish Serranus subligarigs

and sand perchDiplectrum formosum Nearshore hardbottom sites support spawning of
smaller and more temperate reef species such as black sea bass and sand perch, and also provide
larval settlement sites and juvenile nuyskabitats for reessociated fishes, including taxa that

are thought to spawn in deeper offshore waters (Powell and Robins 1998).

The northern section of Long Bay between Cape Fear and Shallotte Inlet contains one of the
highest concentrations of knowhardbottom sites along the NC coadNCDEQ 2016.
Hardbottoms consisting of Cretaceous and Paleocene Age limestones and sandstones are
frequently exposed on the Oak Island shoreface and adjoining inner shelf (Madi€ieary

1999). Comprehensive remotg&nsing hardbottom surveys of the existing navigation channel
and proposed channel expansion areas were conducted in 2017 andApp&&d{x H:
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Hardbottom Resources). Analysis of the survey data did not identify any natural hardbottom
habitats within theexisting or proposed channel areas; howeveremlidentified deposits of
dredged rubble material along the wedef the existing channel the old ODMDSFigure 3-

4) haverelief up to 1.5 meterand supporttypical hardbottom benthic assemblagéggendix

H: Hardbottom Resources)Additional loosely scattered rocks along the margins of the old
ODMDS channel reach have varying degrees of sessile invertebrate coverage. Based on towed
video surveys, theseaturalized hardbottom featurésmve been aonized bymarine algae,
tunicates(Urochordata spp.) echinoderms Arbacia punctulata Luidia clathratg octocorals
(Leptogorgia vergulataL. hebes Phyllangia americanaAstrangiasp.) and other sessile and
motile invertebrateshat arecommon tonatuml nearshoreéhardbottom habitats Several ish
species that are typical of nearshore hardbottoms were also observed; includingehl&ass
(Centropristis striaty, sheepshea@rchosargus probatocephalydelted sand fistiSerranus
subligariug, and pinfish(Lagodon rhomboidgs Thesenaturalized hardbottorhabitats in the

old ODMDS were the only hardbottom features identified within the existing and proposed
channel areas. Prior remote sensing surveys conducted by the USACE did not idgntify an
hardbottom habitats within the new ODMDS or a B0&er surrounding buffer zone (USACE
TBD). Figure3-5 depicts additional study area hardbottom survey data that were compiled by
the USACE during the new ODMDS site selection process. Although study sargey
coverage is not comprehensive, the distribution of identified hardbottoms is restricted to areas
approximately two to three miles west of theisting ocean entrance channel aptbposed
offshore extension reach
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Side-scan Sonar Targets Identified in the Old ODMDS, Existing Channel, and
Proposed Channel Widening Locations

Integrated Main Report i February 2020 Page 59



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

3.10.3 Shell Bottom

Shell bottom habitats include oyster reefs, aggregations ofaehbuilding stellfish species

[e.g., clams and scallopsArgopecten irradiansA. gibbug], and surface concentrations of
broken shell (i.e., shell hash). The eastern oy§lesssostrea virginicais the dominant and
principal reefbuilding species of estuarine shélbttom habitats in NC. Nereetbuilding
shellfish species that occur at densities sufficient to provide structural habitat for other organisms
include scallops, pen shells [s@a@othed Atrina serattg and stiff A. rigida)] and rangia clams
(Rangiacuneatd (SAFMC 2009). Shell bottom habitats perform important ecological functions
such as water filtration, benthpelagic coupling, sediment stabilization, and erosion reduction
(NCDEQ 2016 SAFMC 2009, and Coen et al. 2007). By filtering and consgrparticulate
matter, phytoplankton and microbes; oysters and other suspdesding bivalves reduce
turbidity and transfer material and energy from the water column to the benthic community.
Shell bottom structural relief moderates waves and curréraps sediments, and reduces
shoreline erosion. Existing shell bottom habitats function as important larval settlement and
accumulation sites for recruiting oysters and other shellfish (NCDMF 2008). Shell bottom
structure concentrates macroinvertebrdieg., grass shrimpP@laemonetespp.), and mud
crabs Ecyllaspp.)] and small forage fishes (pinfish and gobies) which, in turn, attract larger
predatory fish such as Atlantic croaker, black dri®ogonias cromis pigfish, Qrthopristis
chrysopterg, southern flounderRaralichthys lethostigma summer flounderR. dentatus and
spotted seatroutCynoscion nebulosiis Numerous finfish and decapod crustaceans including
anchovies, black sea bassfitropristis striatg, blennies, gobies, oyster toadfigbpsanus ta)y
pinfish, red drum, sheepsheadr¢hosargus probatocephalysspot, weakfish ¢. regalig,
penaeid shrimp, blue crab€4dllinectes sapidys and stone crabsVignippe mercenarjaalso
utilize shell bottom habitats as nursery aré&dGSDEQ 2019.

Shell bottom habitats in the Cape Fear River estuary are generally confined to the lower estuary
below Snows Cut. The distribution of oyster reefs in the estuary is limited by salinity and a lack
of hard substrate for larval settlement. Live oystefsdhat provide the structural functions
described above are confined to the lowermostmil@ reach of the estuary from Peters Point to

the river mouth. Rodriguez (2009) indicates that the absence of live functional oyster reefs in the
estuary above Rers Point is likely related to extended periods of low salinity. Although oysters
can tolerate salinities ranging from five to 35 ppt, they are unable to survive at salinities below
five ppt. Furthermore, it has been reported that the mortality radeyof t er | ar vae i n
ppt is 100% within two weeks (Davis 1958). According to Rodriguez (2009), over the course of
six years (2002003, 20052007) of salinity monitoring at Lower Cape Fear River Program
Station M35 between Snows Cut and PeterstPoiran monthly salinities of less than five ppt
were measured during 11 months. The optimal salinity range for oysters is 12 to 25 ppt
(NCDMF 2011). The waters below Federal Point are designated Class SA commercial
shellfishing waters. SA waters ares@sed a Shellfish Growing Area status of approved,
conditional, or prohibited based on NCDMF Shellfish Sanitation fecal coliform criteria. A total
of 1,200 acres of SA waters in the lower estuary along with a number of additional areas in tidal
creeks ae designated as Prohibited on the NC 2016 303d ISCDMF benthic habitat maps
depict two areas of shell bottom habitat between Snows Cut and Federal Point; including one
area along the western margin of the existing Upper Midnight channel reachsecohd area
~2,500 ft east of the Reaves Point channel reach (Fi6)e NCDMF shell bottom habitat
mapping has not been completed for the remainder of the lower estuary below Federal Point;
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however, analyses of remote sensing survey data did notfydaniy structural shell bottom
habitats within the existing or proposed channel areas.
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Figure 3-6
Mapped Shell Bottom Habitats in the CFR Estuary (NCDMF 2019)
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3.10.4 Submerged Aquatic Vegetation

Submerged Aquatic Vegetation (SAV) encompasses several spécstenl aquatic vascular
plants that occur in North Carolina estuaries; including eelgzsstgra marin® shoalgrass
(Halodule wrighti), and widgeon gras®(ppia maritimy Submerged Aquatic Vegetation beds
occur on subtidal and occasionaliptertidal sediments in sheltered estuarine waters.
Environmental requirements include unconsolidated sediments for root and rhizome
development, adequate light reaching the bottom, and moderate to negligible current velocities
(Thayer et al. 1984, Fergus and Wood 1994). Submerged Aquatic Vegetation beds provide
important structural fish habitat and perform important ecological functions such as primary
production, sediment and shoreline stabilization, and nutrient cycIMGDEQ 2016.
Submerged Aquat Vegetation habitats are important nursery areas for the juveniles of-ocean
spawned estuarirgependent species; including many important commercial and recreational
species such as Atlantic croaker, black sea bass, bluBfishafomus saltatr)x flounders, gag
grouper Mycteroperca microlep)s herrings, mulletsyed drum, snapperd.iitjanidae spp.),

spot, spotted seatrout, weakfish, southern kingfish, and penaeid shrimp. Bay scallops, hard
clams, and blue crabs are also strongly associated with SAMagage predatory species such as
bluefish, flounders, red drum, and spotted seatrout are attracted to SAV beds for their
concentrations of juvenile finfish and shellfish prey (Thayer et al. 19®%¢DMF benthic
habitat maps show small scattered patche$SAV throughout the lower Cape Fear River
estuary; however, NCDMF has determined that the mapped occurrences are aeriallasegbry
misidentifications of marine macroalgae (Personal communication, Ann Deaton, NCDMF
Habitat Protection and Enhancementt®e; 19 Feb 2019). NCDMF has concluded that SAV
are absent from the lower estuarythe only confirmed SAV beds in th@ape Fear River
estuary, consisting of slender naidthfas gracillimg, are located in the Brunswick River near

the US HWY 74/76 Bridg. Slender naiads a species of tidal freshwater to oligohaline habitats
(Brush and Hilgartner 2000). Identified beds in the Brunswick River occupy shallow subtidal
flats along the shoreline of Eagle Island.

3.11 Fisheries

3.11.1 Estuarine Nursery Areas

As previously described, theape Fear Riveestuary is an important nursery area for many
estuarinedependent fish and invertebrate species that spawn offshore and use estuarine habitats
for juvenile development. Oceapawned larvae are transported shard by the prevailing
currents and eventually pass through tidal inlets and settle in estuarine nursery habitats.
Juveniles remain in the estuarine nursery areas for one or more years before moving offshore and
joining the adult spawning stochNCDEQ 2@.6). The majority of the waters in the estuary
above Lilliput Creek are stat#esignated Primary Nursery Areas (PNAs) (Figl4g).
Additionally, waters east of the navigation channel in the lower estuary between Federal Point
and Snows Cut are a statdesignated Special Secondary Nursery Area (SSNA). Primary
Nursery Areas are defined as fithose -laavale as
devel opment t artk@solinpAdainistraiiveCode5NCAC)3I.0101(b)(20)(E)].
Primary Nurgry Areas support uniform populations of very early juveniles and are typically
located in the upper reaches of the estuarine system. In the case of many edtparmadent
species, larval settlement occurs in the uppermost reaches of shallow tidalsgsteiks
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(Weinstein 1979, Ross and Epperly 1988econdary Nursery Areas (SNAs) are defined as
fithose areas in the estuarine system where
Nursery Areas support uniform populations of developing subadults that have moved from PNAs
to the middle portiorof the estuarine system. The majority of the Primary and Secondary
Nursery Areas in NC are located in soft bottom areas surrounded by salt/brackish marsh
(NCDEQ 2019.

Weinstein et al. (1979, 1980) described the nekton communities of shallow nurkgagshia

the ~21mile reach of the lower Cape Fear River estuary between Bald Head Island and Barnards
Creek. Sixteen taxa accounted for over 96% of the total combined catch at 17 stations, with
oceanspawning estuarindependent species comprising 70f4he dominants (Tabld-6). The

overall dominant species were generally ubiquitous to the lower estuary but had centers of
abundance that varied along salinity gradients. Pigfish, white miiledi curema, red drum,

and southern blue crab; along witho permanent marsh residents [Atlantic silversiderfidia
menidig and striped Killifish Fundulus majali); were primarily associated with high salinity
waters of the lower estuary. Additionally, a number of seasonally present marine species were
redricted to the lower polyhaline estuary [sergeant majsbuflefduf saxatilis barracuda,
Atlantic spadefish Chaetodipterus fabér lookdown Gelene vomer lane snapperL{tjanus
synagri9, gag grouper, and others). Although not numerically dominamtselasonal presence

of marine species contributed to relatively high species richness at the lowermost Bald Head
(n=56) and Battery Island (n=63) stations. Species exhibiting a preference for low salinity
waters at the upper stations (Walden Creek anahads Creek) included Atlantic croaker,
southern flounder, 0 year class Atlantic menhad@me\(oortia tyrannu, and inland silverside

(M. beryllina). Also associated with the low salinity sites were freshwater species that were
seasonally present at waties up to 5.1 ppt; including largemouth baidfopterus salmoidgs
pumpkinseed Lepomis gibbosys bluegill L. macrochiru$, yellow perch Perca flavescens

white catfish [ctalurus catu¥, and golden shineNptemigonus crysoleucgs

Table 3-6
Pooled Species Abundances

Common Name Scientific Name Percent
Atlantic menhaden Brevoortia tyrannus 39.3
Spot Leiostomus xanthurus 18.3
Mummichog Fundulus heteroclitus 10.8
Atlantic silverside Menidia menidia 7.6
Bay anchovy Anchoa mitchilli 5.9
Striped mullet Mugil cephalus 3.3
White mullet Mugil curema 2.2
Brown shrimp Penaeus aztecus 1.9
Flounder Paralichthys spp. 1.7
Blue crab Callinectes sapidus 1.3
Striped Kkillifish Fundulus majalis 1.0
Inland silverside Menidia beryllina 0.9
Silver perch Bairdiella chrysoura 0.6
Pinfish Lagodon rhomboides 0.6
Eastern mosquitofish Gambusia holbrooki 0.5
Naked gobi Gobiosoma bosc 0.5
Total 96.2

Source: Weinstein et al. 1980
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Rozas and Hackney (1984) and Ross (2003) indicate that oligomérghes of the upper
estuary are also important nursery habitats for estuarine dependent species. These studies
indicate that densities of juvenile spot, Atlantic croaker, flounder, and other estuarine dependent
species in the upper oligohaline marshes eneeks are comparable to or higher than densities in

the salt marshes and mesohaline to polyhaline creeks of the mid to lower estuary. In the specific
case of spot and croaker, Ross (2003) reported that the upper oligohaline nursery areas were the
most valuable for juvenile development. Rozas and Hackney (1984) reported three seasonal
peaks in numerical abundance in oligohaline marsh rivulets; including a spring peak associated
with the influx of juvenile spot, Atlantic menhaden, Atlantic croaker, andhern flounder; a
summer peak attributable to high numbers of grass shrimp; and fall peak attributable to high
numbers of bay anchovy and grass shrimp. The most abundant species were spot, grass shrimp,
bay anchovyAnchoa mitchill), and Atlantic menhden. Average densities of spot and Atlantic
menhaden in the oligohaline rivulets at the peak of juvenile recruitment were comparable to
those reported for salt marshes.

3.11.2 Nearshore Marine

The Southeast Area Monitoring and Assessment Pro@aunth Atlantic SEAMAP-SA) has
conducted annual nearshore (depths6Q5t) trawl surveys for demersal fishes in Long Bay
since 1986. Catches have been consistently dominated by sciaenid fish which utilize estuaries
during part of their life cycle (SEAMAISA 2000). Ovall patterns of demersal fish abundance

are strongly influenced by the high abundance of spot and Atlantic croaker. These two species
have been consistently dominant, accounting for more than 36% of the total catch between 1990
and 1999. Other abundanerdersal fishes in this region include the Atlantic bumper
(Chloroscombrus chrysurys scup, pinfish, star drumStellifer lanceolatus banded drum
(Larimus fasciatu gray trout Cynoscion regalis silver seatrout. nothuy, southern kingfish,

and insore lizardfish (SEAMAPSA 2000). Many of the demersal fishes associated with
nearshore soft bottom habitats are oegaawning estuarindependent species that use @ape

Fear Riverestuary for juvenile development before moving into the ocean as.adliring the

fall and winter, large numbers of these species leave the estuary and enter the nearshore ocean
zone NCDEQ 20186.

Peterson and Wells (2000) documented seasonal variations (November, February, and May) in
demersal fish communities at inseqapproximately one mile) and offshore (approximately five
miles) soft bottom sites off the southern NC coast. In November, catches at the offshore sites
were dominated by spot (>50% of total catch), pinfish, pigfish, and croaker; while the inshore
sites were dominated by croaker, silver perBidyanus bidyanys Atlantic silversides, pinfish,

and striped mulletMugil cephalu¥. In February, total catches at the offshore and inshore sites
were reduced by 96% and 59%, respectively. Pinfish, AtlanBohaden, and silversides
collectively accounted for 96.4% of the total combined inshore/offshore catch in February. The
combined inshore/offshore totals for spot and croaker were reduced by 98.9% and 99.8%,
respectively, and catches of all other taxa el@sed sharply, with the exception of silversides
and pinfish at the inshore sites. During the May sampling period, large numbers of Atlantic
silversides and Atlantic threadfin herrin@gdisthonema oglinumincreased the total inshore
catch. Peterson andells (2000) also analyzed the stomach contents of demersal fishes that
were caught during the November sampling period and found that croakers and pinfish were
primarily consuming polychaete worms, bivalves, grass shrimp, and pinnotherid crabs. Silver
perch, pigfish, and spot consumed polychaetes, grass shrimp, and other smaltdveibng
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crustaceans. Gray trout consumed grass shrimp, penaeid shrimp, and portunid crabs; whereas
kingfishes primarily consumed pinnotherid crabs, portunid crabs, arelpafgchaete worms.

3.11.3 Anadromous Fishes

Anadromous species that undertake annual migrations from coastal waters to spawning grounds
in the upper freshwater reaches of the Cape Fear River include Atlantic stufgsoenger
oxyrinchus oxyrinchys shortnose sturgeorA( brevirostrun), striped bassMorone saxatili,
American shad Alosa sapidissimia hickory shad A. mediocrig, blueback herring A.
aestivalig, and alewife A. pseudoharengiis Additionally, elvers of the catadromous American

eel (Anguilla rostratg migrate upriver to freshwater juvenile nursery areas in the upper Cape
Fear River system (USACE 2010). The North Carolina Marine Fisheries Commission and the
North Carolina Wildlife Resources Commission (NCWRC) have designated théertedgpper
portions of the Cape Fear River estuary from Lilliput Creek northward as Anadromous Fish
Spawning Areas (AFSAs) (Figu®8). Anadromous Fish Spawning Areas are defined as areas
where evidence of spawning of anadromous fish have been docdm@mtaigh direct
observation of spawning, capture of running ripe females, or capture of eggs or early larvae (15A
NCAC 03N .0106, 15A10C .0602).

Historically, anadromous fish spawning runs extended ~180 miles upstream of the river mouth to
Smiley Falls nar Lillington (Stevenson 1899). Between 1915 and 1935, the USACE
constructed three lowead lock and dam structures on the Cape Fear River for the purpose of
commercial navigation. The structures prevented anadromous species from reaching upstream
spawnng grounds, except during boat lockages and periods of sustained high flow. Although
each of the dams was equipped with a ladgee fishway, the ladders were ineffective at
passing anadromous species. The loss of access to spawning and nursery lgtbuads
dramatic declines in commercial catches (Nichols and Louder 1970). By 1965, the average
annual shad commercial catch had been reduced to ~177,000 pounds, a decline of 44 percent in
relation to catches of ~315,000 pounds in 1896 and 1904 (Nichslsarder 1970). In 1962,

the United States Fish and Wildlife ServigdSFWS) Bureau of Commercial Fisheries initiated

a fouryear field investigation to determine the feasibility of providing fish passage through the
lock chambers (Nichols and Louder 1970rhis study led to the initiation of annual spawning
season fish locking procedures at the three lock and dam structures.

Although the fish locking procedures were effective at passing some shad and striped bass,
studies indicated that a sudstial proportion of the fish that approached Lock and Dam #1 were

not accessing upstream spawning areas. Furthermore, no passage by Atlantic or shortnose
sturgeon was detected. In 1998, a steep pass fishway was constructed at Lock and Dam #1 in an
effort to augment the fish locking procedures; however, the structure proved to be ineffective
(Moser et al. 2000). The focus of subsequent efforts shifted to the design of a natural fishway
structure that would be more effective at passing the full assemtiflag@adromous species that
spawn in the Cape Fear River. These efforts led to the design and construction of-Bkeature

rock arch rapids fishway structure at Lock and Dam #1 during 2011/2012. Construction of the
rock arch rapids fulfilled a mitigain commitment made by the USACE for the Wilmington
Harbor 96 Act Project (USACE 2000). Recent studies (Raabe 2017) indicate that of those fish
that approach Lock and Dam #1 in an apparent attempt to pass65%3of American shad and

~19 - 25% of stripel bass are successful at passing the dam and continuing upstream.
Modifications to the rock arch rapids have been proposed to increase the rate of striped bass
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Anadromous Fish Spawning Areas
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passage. The proposed design involves the catisinuof three linear corridors across the
surface of the existing structure. Each corridor would consist of a series of deep pools that are
designed to accommodate larger fish.

3.12 Managed Fisheries and Essential Fish Habitat

The MagnusotStevens Fishery Cgrrvation and Management Act (MSFCMA), as amended by

the Sustainable Fisheries Act of 1996, requires federal agencies to address the effects of their
actions on Essential Fish Habitat (EFH) and federally managed fisheries. The MSFCMA defines
EFH as widtdarshandssabstrate necessary to fish for spawning, breeding, feeding, or growth
to maturity.o Habitat Areas of Particular Co
EFH habitats that are considered to be especially critical due to factorsasuchrity,
susceptibility to humaimduced degradation, and/or high ecological importance. Many of the
estuarine and marine habitats that occur in the vicinity of the study area are designated as EFH
and/or HAPCs in Fishery Management Plans (FMPs) degdltyy the SAFMC, MieAtlantic

Fishery Management Council (MAFMC), and/or National Marine Fisheries Service (NMFS)
(Table 3-7). This section describes the federally managed species and associated EFH/HAPC
habitats that occur in the vicinity of the studgar

3.12.1 Penaeid Shrimp

Federally managed penaeid shrimp in North Carolina include the brown shrimp, pink garimp (
duorarun), and white shrimp. Adults spawn offshore in high salinity oceanic waters during the
winter or spring (SAFMC 1981). Oceapawned plaktonic larval and podarval shrimp are
transported by currents to inshore estuarine habitats where they maintain a benthic existence.
Juveniles are most abundant in estuarine waters with intermediate salinities argilt mud
substrates, where they coagate at the highly productive mansiater interface. As their size
increases, shrimp move toward higdilinity oceanic waters, eventually migrating offshore in the

fall. Essential Fish Habitat for pemd shrimp includes important inshore estuarine enyrs
habitats, important offshore habitats for spawning and growth, and all interconnecting water
bodies. Designated EFH and HPACs in the study area include estuarine tidal marshes, subtidal
and intertidal nofvegetated flats (soft bottom), Cape Fear Rimégt, and all statelesignated
Primary and Secondary Nursery Areas.

3.12.2 Red Drum

Red drum spawning areas include high salinity waters in the vicinity of major inlets and
potentially high salinity waters inside estuaries. Eggs and larvae are transporeghditche

inshore estuaries by tidal and wind driven currents, with the majority of the larvae being carried
to the upper reaches of the estuaries where they settle in shallowaliowy nursery habitats.

In North Carolina, juvenile oneand tweyearold red drums are distributed yaaund over a

wide range of salinities and habitats, but they generally prefer shallow shoreline waters in bays
and rivers and shallow grass flats behind barrier islands (Ross and Stevens 1992). Some
juveniles also migrat to the ocean after their first year, where they occur along beaches from
late fall through early spring. Adult red drums spend less time in the estuaries and more time in
the ocean; spending spring, early summer, and fall along the beaches and warfitehioig. In

the fall and spring, red drums congregate around inlets, shoals, capes, and along ocean beaches
from the surf zone to several miles offshore. Designated EFH and HAPCs for red drum in the
study area include estuarine tidal marshes, sub#addl intertidal norvegetated flats (soft
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Table 3-7
EFH and HPAC in the Vicinity of the Study Area
. . Man men
EFH/HAPC Fisheries Management Plan anageme t
Authority
EFH
Estuarine Emergent Wetlands :
(Intertidal Marshes) Shrimp, Red drum, Snapper-Grouper SAFMC
Submerged Aquatic Vegetation Shrimp, Red drum, Snapper-Grouper,
. SAFMC
(Seagrasses) Cobia
Subtidal and Intertidal .
Non-Vegetated Flats Shrimp SAFMC
Oyster Reefs and Shell Banks Red drum, Snapper-Grouper SAFMC
Unconsolidated Bottom Red drum, Snapper-Grouper SAFMC
Hardbottom Snapper-Grouper SAFMC
Artificial Reefs Snapper-Grouper SAFMC
Ocean High Salinity Surf Zone Red drum, Coastal migratory pelagics SAFMC
Coastal Inlets Coastal migratory pelagics SAFMC
NC Primary/Secondary Nursery Coastal migratory pelagics SAFMC
Areas
High Salinity Estuaries Cobia SAFMC
Continental Shelf Waters, Estuaries Bluefish, Summer flounder MAFMC
Highly Migratory Species (Sharks)
Great Tiger
hammerhead ger
Scalloped Sand tiger
Continental Shelf Waters White Bonnethead NMFS
. Atlantic sharpnose
Blacktip
Blacknose
Dusky X
Finetooth
Sandbar
: Common thresher
Spinner
HAPC
Coastal Inlets Shrimp, R(_ad drum, Snapper—Grouper, SAEMC
Coastal migratory pelagics
High Salinity Estuaries Spanish Mackerel SAFMC
NC Primary/Secondary Nursery Shrimp, Red drum, Snapper-Grouper,
) ) SAFMC
Areas Coastal migratory pelagics
Submerged Aquatic Vegetation Red drum, Snapper-Grouper SAFMC
(Seagrasses) Summer flounder MAFMC
Oyster Reefs and Shell Banks Snapper-Grouper SAFMC
Hardbottom Snapper-Grouper SAFMC
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bottom), oyster reefs and shell banks, unconsolidated soft bottom habitats, the ocean high salinity
surf zone, Cape Fear River Inlet, and all stigsignated Primary and Secondary Nursery Areas.

3.12.3 Snapper -Grouper Complex

The snappegrouper complexsi an assemblage of 59 species that share a common association
with hardbottom or reef habitats during part of their life cycle. Generally, snappers , groupers
(Serranidae), porgies (Sparidae), and grunts inhabit offshore hardbottom habitats; whereas,
neashore ocean hardbottoms at depths of ~18 m along NC have cooler temperatures, less
diverse invertebrate populations, and a fish community dominated primarily by black sea bass
(Centropristis striatg, scup, and associated temperate species (Sedberry andoleh 1984).

Most snappegrouper species spawn in aggregations in the water column above offshore and
sheltedge reefs (Jaap 1984). Planktonic larval stages typically occur in the offshore water
column, whereas juveniles and adults are typically deaheand associated with moderate to
high relief hard structures on the outer continental shelf. However, the juveniles of some
managed species such as black sea bass, gray snhpgasdug, and gag grouper reside in
estuarine nursery areas where thgyically inhabit SAV or oyster reef habitats (SAFMC 1998,
NCDMF 2006). Juveniles of these estuatilependent species emigrate from the estuary to near
shore hardbottom habitats in the fall, and eventually move to offshore hard/live bottom habitats.
Desgnated EFH and HPACs for estuardependent snappgrouper species in the study area
include attached estuarine tidal marshes, subtidal and intertidaleigetated flats (soft bottom),
oyster reefs and shell banks, unconsolidated soft bottom habigats bottom, artificial reefs,

Cape Fear River Inlet, and all statesignated Primary and Secondary Nursery Areas.

3.12.4 Coastal Migratory Pelagics

The coastal migratory pelagics management unit includes king macl8gemperomorus
cavallg), Spanish mackereS( maculates and cobia Rachycentron canadym Adult coastal
pelagics occur in coastal waters from shore out to the edge of the continental shelf. The
distribution of coastal pelagics on the shelf is governed by temperature and salinity, with all
speces generally occurring in high salinity waters with temperatures above 20 degrees
Centigrade (°C). Coastal migratory pelagics are fast swimming, schooling, and piscivorous
predators. Spanish mackerel spawn in groups over the inner continental shetfingeigi April

off the Carolinas. Larvae grow quickly and are most commonly found in nearshore ocean waters
at shallow depths less than 30 ft. Most juveniles remain in nearshore ocean waters, but some use
high salinity estuaries as nursery areas. A8pHnish mackerel spend most of their lives in the
open ocean but are also found in tidal estuaries and coastal waters [Atlantic States Marine
Fisheries Commission (ASMFC) 2011a and b, Mercer et al. 1990]. King mackerel are primarily
a coastal species, Wwismaller individuals of similar size forming significant schools over areas

of bottom relief and reefs; while larger solitary individuals prefer anthropogenic structures and/or
wrecks. Cobia are abundant in warm waters along the United States coaSh&sapeake Bay

south through the Gulf of Mexico. Cobia are found over the continental shelf and in high salinity
estuarine waters, preferring waters in the vicinity of reefs and around structures such as pilings,
buoys, platforms, anchored boats, andstiot. Spawning off the North Carolina coast occurs
during May and June, primarily in offshore ocean waters; however, spawning has also been
observed in estuaries and shallow bays with the young moving offshore soon after hatching
(SAFMC 1983 and 2011). Bmnated EFH and HAPCs for all coastal migratory pelagics in the
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study area include the sandy shoals of Cape Fear (Frying Pan Shoals), offshore bars and barrier
island ocearside waters, and theape Fear Rivdnlet complex.

3.12.5 Highly Migratory Species

The highly migratory species (HMS) complex encompasses tuna [albaower{us alalungga

bluefin (T. thynnu$, bigeye T. obesu} skipjack Katsuwonus pelam)is and yellowfin T.
albacreg], swordfish Kiphias gladiuy, billfish [blue marlin Mokaira nigricans), white marlin
(Tetrapturus albiduk sailfish (stiophorus platypterys and longbill spearfishl{ pflueger), and

39 species of sharks that are divided into three groups: large coastal sharks, small coastal sharks,
and pelagic sharks. Of these dpec14 managed shark species have designated EFH consisting

of nearshore continental shelf waters along the NC coast. Sharks are found in a wide variety of
coastal and ocean habitats; including estuaries, nearshore and continental shelf waters, and the
open ocean. Although managed sharks move primarily through the open ocean, several species
move to shallow coastal waters and estuaries to pup. These nearshore/estuarine habitats also
function as nursery areas for the developing young, with neonateallypEmaining in these

areas throughout their early life stages (NMFS 2009). Subtidal bottom in nearshore waters along
the southern NC coast serve as pupping grounds for the Atlantic sharpnose shark
(Rhizoprionodon terraenovg@ie bonnethead shark Sphyrna tiburo), blacknose shark
(Carcharhinus acronotys spinner shark@. brevipinnd, dusky shark @. obscuru} blacktip

shark C. limbatug, sandbar sharkJ. plumbeus and scalloped hammerhead sh&k [éwin).

Neonates from southern NC waters are fopricharily in June and July (Beresoff and Thorpe

1997, Thorpe et al. 2004).

3.12.6 Bluefish

Bluefish are a migratory, pelagic species found in temperate anetregmal continental shelf
waters around the world with the exception of the north and centrald®amfiNorth America,
bluefish range from Nova Scotia to Florida in the Atlantic Ocean and from Florida to Texas in
the Gulf of Mexico (MAFMC 1990 Spawning in the South Atlantic Bight occurs near the
shoreward edge of the Gulf Stream primarily duringilfgnd May (Kendall and Walford 1979).

Larval development takes place in outer continental shelf waters within six meters of the surface.
Transitional pelagic juveniles eventually move to estuarine and nearshore oceanic waters, which
serve as the pringal nursery habitats for juvenile development (Kendall and Walford 1979).
Estuarine juveniles are most commonly associated with sandy soft bottom habitats; but also use
mud and silt soft bottom habitats, SAV, marine macroalgae, oyster reefs, and tislalgrass
(Shepherd and Packer 2006). Juvenile bluefish are common in high salinity estuaries along the
southern NC coast during summer and fall and are common in the nearshore ocean from spring
through midwinter. Adults use both inshore estuarine arfdhafre oceanic habitats. Adults are
common in the nearshore ocean along the NC coast from spring throughinted (MAFMC

1990). Adults undertake seasonal migrations, generally moving northward during spring and
summer and southward during fall and wmt Designated EFH habitats for juvenile and adult
bluefish in the study area include tli&ape Fear Riveestuary and pelagic ocean waters
overlying the inner continental shelf of Long Bay.

3.12.7 Summer Flounder

Summer flounder are found in shallow estuammmel outer continental shelf waters along the
Atlantic coast from Nova Scotia to Florida and along the northern Gulf coast of Mexico
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[Northeast Fisheries Science Center (NEFSC) 1999]. Summer flounder are concentrated in
estuaries and sounds from late sgrihrough early fall, before migrating to offshore wintering
spawning habitats on the outer continental shelf (NEFSC 1999, ASFMC 2011c). Offshore
spawning occurs during fall and early winter, and the larvae are transported byrivard

currents to coaat waters. Podarval and juvenile development occurs primarily in estuaries
(NEFSC 2011). Larvae recruit to inshore waters from October to May where they bury into the
sediment and develop into juveniles. Late larval and juvenile flounder activeyy qore
crustaceans, copepods, and polychaetes (NEFSC 1999). Juveniles prefer sandy shell substrates;
but also inhabit marsh creeks, mud flats, and seagrass beds. Juveniles often remain in North
Carolina estuaries for 18 to 20 months (NEFSC 1999, ASFMCd)01Adults primarily inhabit

sandy substrates, but have been documented in seagrass beds, tidal marsh creeks, and sand flats
(ASFMC 2011c and d, NEFSC 1999). Adults inhabit estuarine waters before moving to offshore
wintering grounds on the outer contmal shelf. Essential Fish Habitat for all life stages of
summer flounder includes ocean waters overlying the continental shelf. Designated EFH and
HPACs for juvenile and adult summer flounder in the study area include estuarine waters with
salinities %.5 ppt, marine macroalgae, and tidal/freshwater macrophytes.

3.13 Coastal Waterbirds

The Bald Heaeébmith Island complex of natural and artificial dredged material islands in the
lower Cape Fear River estuary is an important breeding area for numerous speciesial

nesting waterbirds and shorebirds (USFWS 2000). Dense maritime shrub thickets on Battery
Island provide nesting habitat for the largest assemblage of colonia@esgag wading birds in

the state. The Battery Island breeding colony encosggaa mixegpecies assemblage of
wading birds; including white ibisEudocimus albys glossy ibis Plegadis falcinelluy cattle

egrets Bubulcus ibi¥, little blue herons Egretta caeurlep tricolored heronsH. tricolor),

snowy egretsH. thula),, great egrets Ardea albg, blackcrowned night heronsN{cticorax
nycticoray, and yellowcrowned night herond\fctanassa violacga The white ibis breeding
population is the largest in the state, with as many as 15,000+ pairs nesting annually on the
island At least ten pairs of American oystercatchétagmatopus palliatysnest on the Battery
Island annually, along with willetsT{inga semipalmata clapper rails Rallus crepitank
seaside sparrowg(mospiza maritimjaand marsh wreng(stothoruspalustri). South Pelican

Island and Ferry Slip Island support the largest breeding colonies of brown pelRetasaqus
occidentali3, royal terns $terna maximg and sandwich ternsTlalasseus sandvicensis
southeastern NC. North Pelican Island yles nesting habitat for wading birds, brown
pelicans, laughing gulls Léucophaeus atricilla clapper rails, willets, and American
oystercatchers. Striking and Shellbed Islands are important breeding and wintering sites for
American oystercatchers, aatso support nesting by laughing gulls, willets, and clapper rails.

The expansive estuarine complex of tidal marshes and creeks, oyster reefs, and intertidal sand
and mud flats provides highly productive foraging habitats that support breeding popwdétions
coastal waterbirds, as well as thousands of migratory shorebirds and waterbirds thaCage the

Fear Riverestuary as a stopover refueling site during the spring and fall migration periods. The
barrier island beaches of the study area also providertant foraging and roosting habitats for
shorebirds and colonial waterbirds; including sanderlinGsalidris alba, willets, ruddy
turnstones Arenaria interpre¥ semipalmated ploversCharadrius semipalmatis laughing

gulls, ringbilled gulls LCarus celawarensiy herring gulls L. argentatuy and brown pelicans
(Grippo et al. 2007) (Tabl&8).
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Table 3-8
Ten Most Abundant Shorebird and Colonial Waterbird Species
Observed in Oceanfront Beach Habitats.

Species . Abund?nce
birds/km “/survey
Common Name Scientific Name Beach 1 Beach 2 Control
Colonial Waterbirds
Laughing Gull Leucophaeus atricilla 67.1 55.6 34.9
Ring-billed Gull Larus delawarensis 50.4 49.6 25.4
Brown Pelican Pelecanus occidentalis 7.3 7.0 4.0
Herring Gull Larus argentatus 1.2 1.1 1.0
Forsters Tern Sterna forsteri 0.3 1.0 0.9
Royal Tern Thalasseus maximus 15.3 14.0 8.9
Great Black-backed Gull Larus marinus 25 11 1.0
Bonapartes Gull gmgjjc;;ﬁipahalus 5.7 5.3 21
Double-crested Cormorant Phalacrocorax auritus 0.5 0.6 0.4
Sandwich Tern Thalasseus sandvicensis 0.6 0.5 0.7
Shorebirds
Sanderling Calidris alba 5.8 9.0 10.1
Willet Tringa semipalmata 0.4 0.1 0.0
Short-billed Dowitcher Limnodromus griseus 1.8 25 4.5
Ruddy Turnstone Arenaria interpres 0.25 0.6 1.2
Black-bellied Plover Pluvialis squatarola 0.61 0.9 0.9
Semipalmated Plover Charadrius semipalmatus 0.1 0.1 3.0
Semipalmated Sandpiper Calidris pusilla 0.6 <0.1 0.2
Killdeer Charadrius vociferous 0.1 0.1 0.1
Whimbrel Numenius phaeopus 0.1 <0.1 0.1
American Oystercatcher Haematopus palliatus <0.1 <0.1 0.1

Beach 1 = Eastern Oak Island (1.6 km)
Beach 2 = Western Oak Island and Eastern Holden Beach (3.2 km)
Control = Western Holden Beach (1.6 km)

km = kilometer
Source: Brunswick County Beach@lorebird/Waterbird Monitoring Dec 200@v 2002

3.14 Protected Species

A total of 13 ESAlisted threatened and endangered species are known from the vicinity of the
study area (Table3-9). Additionally, the study area encompasses a number of defined
geographic areas that are designated under the ESA as critical habitats for threatened and
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endangered species (Tab810). Critical habitats are areas considered essential to the
conservéon of a species that may require special management or protection. Designated critical
habitats have essenti al habitat features
considered requirements for survival and reproductibnaddition to ESAlisted species and

their critical habitats, this section addresses other marine mammals that may occur in the study
area. All marine mammal species are protected under the Marine Mammal Protection Act
(MMPA).

K nc

Table 3-9
Endangered and Threatened Sgec?es That May Occur in Study Area
COMMON NAME SCIENTIFIC NAME ESA STATUS
North Atlantic right whale Eubalaena glacialis Endangered
West Indian manatee Trichechus manatus Endangered
Piping plover Charadrius melodus Threatened
Red knot Calidris canutus rufa Endangered
Wood stork Mycteria americana Threatened
Loggerhead sea turtle Caretta caretta Threatened
Green sea turtle Chelonia mydas Threatened
Leatherback sea turtle Dermochelys coriacea Endangered
Hawksbill sea turtle Eretmochelys imbricata Endangered
Kempbés ridley Lepidochelys kempii Endangered
Shortnose sturgeon Acipenser brevirostrum Endangered
Atlantic sturgeon Acipenser oxyrinchus oxyrinchus Endangered
Seabeach amaranth Amaranthus pumilus Threatened
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Table 3-10
Study Area Critical Habitats
Critical Habitat Type Unit ID Description Length/Area
Piping Plover
Wintering Critical NC13 North end of Masonboro Island 150 acres
X Masonboro Masonboro Inlet
Habitat
Piping Plover NC14 South end of Masonboro Island
Wintering Critical Carolina Beach Carolina Beach Inlet emergent shoals 924 acres
Habitat Inlet North end of Carolina Beach
Piping Plover :
Wintering Critical NC_15 Fort Fisher Islands _and ocean beach 1,951 acres
: Fort Fisher south of the ferry terminal
Habitat
Piping Plover NC16
Wintering Critical Lockwoods Folly West end of Oak Island 90 acres
X Lockwoods Folly Inlet emergent shoals
Habitat Inlet
P'ng .P'OVeT : NC17 West end of Holden Beach
Wintering Critical 296 acres
. Shallotte Inlet Shallotte Inlet emergent shoals
Habitat
Pivina Plover West end of Sunset Beach
ping . NC18 Marshes behind west end of Sunset
Wintering Critical 278 acres
Habitat Mad Inlet Beach _
East end of Bird Island
Loggerhead Sea Turtle
Terrestrial Critical LOGG-T-NC-05 Pleasure Island/Ft Fisher 11.5 miles
Habitat
Loggerhead Sea Turtle
Terrestrial Critical LOGG-T-NC-06 Bald Head Island 9.4 miles
Habitat
Loggerhead Sea Turtle
Terrestrial Critical LOGG-T-NC-07 Oak Island 13.0 miles
Habitat
Loggerhead Sea Turtle
Terrestrial Critical LOGG-T-NC-08 Holden Beach 8.3 miles
Habitat
Loggerhead Sea Turtle
Nearshore Carolina Beach Inlet to
Reproductive LOGG-N-05 Shallotte Inlet
Critical Habitat
Loaaerhead Sea Turtle Offshore waters between 20-m and 100-
99 o ; LOGG-N-02 m depth contours from Cape Fear to
Winter Critical Habitat
Cape Hatteras
Cape Fear River from mouth(rkm 0) to
Atlantic Sturgeon Carolina Unit 4 Lock and Dam #2
Critical Habitat Northeast Cape Fear River from mouth to
Roans Chapel Rd Bridge at Mount Olive
North Atlantic Right
Whale Unit 2 Nearshore waters from Cape Fear, NC to
Southeastern US Cape Canaveral, FL
Calving Critical Habitat
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3.14.1 North Atlantic Right Whale

Right whales Eubalaena glacialisin the North Atlantic and North Pacific were originally listed

as a single endangered species in June 1970 [35 Federal Register (FR) 8495] under the
Endangered Species Conservation Act (a predecessor to the ESA of 1973). In March 2008, right
whales in he North Atlantic and North Pacific were listed as two separate endangered species
under the Endangered Species Act (ESA) (73 FR 12024). The North Atlantic right whale
population is divided into a western North Atlantic population, which numbers apptekma

500 animals, and an eastern North Atlantic population that is nearly extinct. North Atlantic right
whales in the western North Atlantic range from wintering and calving areas off the coast of the
southeastern US to summer feeding and nursery arataexiiend northward from New England

to Nova Scotia. Important summer feeding and nursery areas are located in Massachusetts Bay
and Cape Cod Bay, the Great South Channel (east of Cape Cod), the Bay of Fundy, and the
Scotian Shelf in Canada. In the fadl, portion of the western North Atlantic population
consisting primarily of pregnant females, females with young calves, and some juveniles migrate
southward to nearshore continental shelf waters off the coast of southern Georgia and northern
Florida. Insome cases, adult males and#poagnant females are also observed in the calving
areas. Other members of the population spend the winter in Cape Cod Bay; however, a majority
of the population is unaccounted for in winter (NMFS 2005). Calving takes [flace
December through March, and the peak migration periods are November/December and
March/April.

Collision with ships is currently the most serious source of mortality threatening the right whale,
followed closely by the threat of entanglement in caruial fishing gear. In order to reduce the

risk of right whale deaths and injuries from ship collisions, the NMFS has established speed
restrictions that |imit vessels 065 ft in | en
Management Area (SMAS) along the US east coast (73 FR 60173). Seasonal Management
Areas in the MidAtlantic migratory corridor encompass waters within 20 nautical miles (nm) of
shore around the entrances to major ports, including the Port of Wilmington and the Port of
Morehead City, along the NC coast. The waters off the Port of Wilmington are part of a
continuous SMA that extends from Masonboro Inlet, NC, to Brunswick, Georgia (RBegire

The Port of Morehead City SMA encompasses waters withinrran2@adius of thg@ort entrance.
Speed restrictions for all Midtlantic SMAs are effective from 1 November to 30 April.

The coastal waters of the Carolinas are part of the migratory corridor for the North Atlantic right
whale (Winn et al. 1986, Knowlton et al. 2002 an effort to better define the geographic and
temporal extent of the right whale rafdlantic migratory corridor, Knowlton et al. (2002)
analyzed 489 right whale sightings that occurred between 1974 and 2002. The largest number of
sightings (34.4%) oaored within zero to five nm of land, and well over half of the sightings
(63.8%) occurred within zero to ten nm of land. Nearly all of the sightings (94.1%) were within
zero to 30 nm of land. Sightings within a 40 nm radius of the Wilmington Harb@nestr
occurred from October through April, with peak sightings during February and March. A total
of 18 sightings occurred within a 40 nm radius of the Wilmington Harbor entrance, and 14 of
these sightings occurred within a 20 nm radius. Sightings irvitneity of Morehead City

Harbor followed the same spatial and temporal pattern. Surveys conducted off the coast of NC
during the winters of 2001 and 2002 sighted eight calves, suggesting that calving grounds may
extend as far north as Cape Fear (McLediaal. 2004). Currently designated critical habitat for

the right whale along the southeastern US coast includes nearshore ocean calving habitats from
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central Florida to Capedar, NC (81 FR 4838) (Figurg10). The essential features of the
southeaster calving critical habitat include physical oceanographic conditions that support
calving and nursingincluding calm sea surface conditions, sea surface temperatures of 45° to
63°Fahrenheit (F), and water depths of 20 ft to 92 ft.

[ ] Approximate Study Area
|j Mid-Atlantic Seasonal Management Areas - 9
Migratory Route and Calving Grounds (10 Knot Speed Restriction)
[ ] L IMiles
0 20 40 80 120

Figure 3-9
North Atl antic Right Whale Mid -Atlantic Seasonal Management Areas
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| North Atlantic Right Whale Critical Habitat -
Unit 2 Southeastern U.S Calving Area

[ Approximate Study Area 9

L IMiles
] 20 40 80 120

[

Figure 3-10
North Atlantic Right Whale Critical Habitat 1 Southeastern U.S. Calving Area
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3.14.2 Florida Manatee

The Florida manateél (ichechus manatus latitostjisa subspecies of the West Indimanatee,

was originally listed as endangered in 1967 (32 FR 4001) under the Endangered Species
Preservation Act of 1966. In 1969, the endangered listing was expanded to include the Antillean
manatee T. manatus manatysa subspecies occurring in the @aean and South America. In

2017, both subspecies were reclassified as threatened throughout their ranges (82 FR 16668).
Manatees are intolerant of cold water temperatures; and consequently, are generally restricted to
warm water sites of peninsular Hbbat during the winter. In the spring as water temperatures
reach 68°F, manatees disperse from winter sites and can undertake extensive movements along
the coast and up rivers and canals (USFWS 2001). Manatees inhabit marine, brackish, and
freshwater envonments where they are found in seagrass beds, salt marshes, freshwater bottom
areas, and many other habitat types. Manatees feed on a wide variety of submerged, floating,
and emergent vegetation. Seagrasses are a staple in coastal habitats, aed poedging

habitats consist of shallow seagrass beds with access to deep water. Manatees are also known to
feed on salt marsh vegetation (i.e., smooth cordgrass), which they access at high tide. Although
manatees tolerate a wide range of salinitieg; gvefer areas where osmotic stress is minimal or
areas that have a natural or artificial source of fresh water (USFWS 2001. principal
anthropogenic threats to manatees include watercraft strikes, entrapment and/or crushing in water
control structurs, entanglement in fishing gear, and ingestion of marine debris. Of 1,877 deaths
that were attributed to anthropogenic causes between 1978 and 2007; the majority (82%) were
attributed to watercraft strikes. Water control structures accounted for tempefche deaths,

and the remaining eight percent were attributed to a combination of entanglement, ingestion of
marine debris, entrapment in pipes and culverts, and other human causes (USFWS 2009).

Cummings et al. (2014) described the temporal and $pitaibution of manatees in NC based

on sighting and stranding records from 1M 2. Although sightings were reported along the
entire NC coast, most were concentrated around the densely populated areas of Wilmington and
Beaufort, NC. Sightings wenmost common in the Atlantic Intracoastal Waterway (AIWW);
however, manatees were also observed in sounds, bays, rivers, creeks, marinas, and the open
ocean. Of 99 opportunistic sightings and nine strandings that were reported in NC between 1991
and 2012 nearly all (93%) occurred between June and October when water temperatures were
above 68°F. Dramatic rapid declines in water temperature during the early fall can be hazardous
to manatees that have not departed NC waters for Florida. Sightings repmmatd mainstem

Cape Fear River were confined to the lower estuary near the river mouth; however, two sightings
were reported in the Northeast Cape Fear River ~20 to 30 river miles above Wilmington. A
number of additional manatee sightings were repdrad the AIWW behind Oak Island and

Myrtle Grove Sound behind Carolina Beach.

3.14.3 Other Marine Mammals

Based on sightings, strandings, bycatch data, and habitat associations; a total of 38 marine
mammal species may occur off the southern NC coast [Departhémt dlavy (DoN) 2008a

andb]. Included among these species are 33 cetaceans (whales, dolphins, and porpoises), four
pennipeds (seals, sea lions, and fur seals), and one sirenian (Florida manatee). The majority of
these species are not expected to oatuhe nearshore waters of the study area. Many are
associated with offshore waters near the continental shelf break or beyond, while a number of
others are known only from stranding records or rare sightings that are considered extralimital to
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their nornal range. The species addressed in this section are limited to those that are resident,
seasonally present, or migratory within the study area based on their documented ranges and
habitat preferences; including the North Atlantic right whale, humpbackewvegaptera
novaeangliag bottlenose dolphin Tursiops truncatgs Atlantic spotted dolphin Stenella
frontalis), and Florida Manatee. The North Atlantic right whale and Florida Manatee are listed
under the ESA and were addressed in the previous seclibe remaining three species are
addressed below.

3.14.3.1 Humpback Whale

Humpback whales occurring in the US North Atlantic belong primarily to the Gulf of Maine
feeding stock, although individuals from Canadian populations have also been sighted in US
waters Barco et al. 2002). Based on madcapture studies from 2008, the minimum
population estimate for the Gulf of Maine stock is 823 individuals (Waring et al. 2014). In the
western North Atlantic, humpbacks are widely distributed and their occurrenceonglgt
seasonal. During spring and summer, the largest numbers of humpback whales in US waters are
found off the northeast and matlantic coasts [Cetacean and Turtle Assessment Program
(CETAP) 1982, Whitehead 1982, Kenney and Winn 1986, Weinrich #9@r.,, Hamazaki 2002,

and Stevick et al. 2008]. During the winter, many individuals migrate to calving grounds in the
West Indies (Dawbin 1966, Whitehead and Moore 1982, Smith et al. 1999, and Stevick et al.
2003); however, significant numbers of humpbadiksse been found at miénd high latitudes
during this time, suggesting that not all individuals undertake seasonal migrations (Dawbin 1966,
Clapham et al. 1993, Swingle et al. 1993, Charif et al. 2001, and Clapham 2009). Humpbacks
have been sighted inidhAtlantic waters during all seasons and the waters from New Jersey to
NC may be used as a supplemental winter feeding ground (Barco et al. 2002).

Although humpback whales typically travel over deep oceanic waters during migration, their
feeding and breding habitats are primarily located in shallow coastal waters (Clapham and
Mead 1999). Females with calves in particular are associated with relatively shallow waters
compared with breeding adults and other groups of humpbacks that use deeper offsdrsre wa
(Smultea 1994, Ersts and Rosenbaum 2003). The humpback whale is one of the most common
baleen whales to strand along the NC coast (Byrd et al. 2014). Strandings recorded between
1997 and 2008 consisted entirely of immature humpback whales. Aapdaiwiley et al.

(1995), juveniles may spend time feeding at-hatitudes instead of migrating as farther south

with the adults. Most NC humpback whale sightings are concentrated off Cape Hatteras during
winter and spring. A few sightings and strandirftave been recorded off southeastern NC
during these seasons (DoN 20G®al b).

3.14.3.2 Bottlenose and Atlantic Spotted Dolphins

Bottlenose dolphins may be present in both estuarine and nearshore marine waters throughout
the year, although estuarine occurrencsakpduring summer and most winter sightings are from

the nearshore ocean (DoN 200&ad b). Bottlenose dolphins along the South Atlantic coast
include both resident and migratory populations. A resident population at Beaufort, NC is the
northernmost doguented site of yeatound bottlenose dolphin residency in the western North
Atlantic (Koster et al. 2000). Atlantic spotted dolphins occur regularly in inshore waters south of
Chesapeake Bay (Mullin and Fulling 2003). In @egpe Fear Riveestuary, botenose dolphins

have been observed at and upriver of Wilmington (USACE 2000). Nearshore sightings of

Integrated Main Report i February 2020 Page 80



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Atlantic spotted dolphins have been recorded along the NC coast during winter, spring, and
summer (DoN 2008andb).

3.14.4 Atlantic Sturgeon

Atlantic sturgeongre listed under the federal ESA as five Distinct Population Segments (DPSSs);
including four that are endangered (New York Bight, Chesapeake Bay, Carolina, and South
Atlantic) and one that is threatened (Gulf of Maine). The Carolina DPS encompasses
subpoplations from the Roanoke, Tar/Pamlico, Cape Fear, Waccamaw, Pee Dee, and Santee
Cooper Rivers in NC and South Carolina. The spawning population in each of the Carolina DPS
river systems is thought to number less than 300 adults [Atlantic Sturgeon F¢ates Team
(ASSRT) 2007]. Atlantic sturgeons spawn in freshwater, but spend most of their adult life in the
marine environment. Spawning adults generally migrate upriver in the spring/early summer
(ASSRT 2007). Spawning is believed to occur in flommater between the salt front and fall

line of large rivers. Podarval juveniles move downstream into brackish waters and eventually
move to estuarine waters where they reside for a period of months or years (Moser and Ross
1995). Subadult and adult Atitic sturgeons emigrate from rivers into coastal waters where they
may undertake long range migrations; however, adults return to their natal river to spawn
(ASSRT 2007). Atlantic sturgeon are benthic omnivores that filter quantities of mud along with
their food. Adults consume mollusks, gastropods, amphipods, isopods, and fish; while juveniles
feed on aquatic insects and other invertebrates (ASSRT 2007). According to the ASSRT (2007),
projects that may adversely affect sturgeon include dredging; aatlor thermal discharges;
bridge construction/removal; dam construction, removal and relicensing; and power plant
construction and operation. Other stressors on the populations are bycatch mortality, habitat
impediments (e.g., Cape Fear and Safeeper rivers), and apparent ship strikes (e.g.,
Delaware and James rivers).

Atlantic sturgeons were historically abundant in most NC coastal rivers and estuaries; however,
at the time of its listing under the ESA, the Carolina DPS spawning population waatedtat

less than 300 individuals (NMFS 2012a). Extant spawning populations in NC are currently
known from the Roanoke, Td&tamlico, Cape Fear, and potentially the Neuse River systems
(ASSRT 2007). Gill net surveys in theape Fear Rivesystem have capred substantial
numbers of Atlantic sturgeon in ti@&ape Fear Rivemainstem, Brunswick River, and Northeast
Cape Fear RivefMoser and Ross 1995, ASSRT 2007). Subadult Atlantic sturgeons Gape

Fear Riversystem exhibit seasonal movements andiligion patterns; moving upriver during

the summer and migrating out of the river to estuarine or ocean waters during the coldest time of
the year (Post et al. 2014). High internual return rates of tagged fish demonstrate fidelity to
the Cape Fear Rer system; indicating that th@ape Fear Rivesystem may be the natal river
system for these individuals (Post et al. 2014). Reports of Atlantic sturgeon latvend

Dam #lindicate that some fish are successful at passowk and Dam #lvia the recatly
constructed rock arch ramp. Although eggs have not been detected, the collective body of
evidence suggests that both the Northe2dape Fear Riveand Cape Fear Rivemay be
important spawning areas. Laney et al. (2007) analyzed Atlantic sturgedental capture data

from winter tagging cruises along the NC and Virginia coasts. Cruises conducted in nearshore
ocean waters from Cape Lookout to Cape Charles, Virginia captured 146 Atlantic sturgeons
between 1988 and 2006. Captures typically occuonedd sand substrate in nearshore waters
that were less than 60 ft deep. Laney et al. (2007) concluded that shallow nearshore ocean
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waters along the NC coast are an important winter (Jasitelyguary) habitat and aggregation
area for the Atlantic sturgeon

In 2017, the NMFS designated critical habitat for the Carolina DPS in the large spawning river
systems; including the Roanoke, FRaimlico, Neuse, Cape Fear, and Pee Dee Rivers. Portions
of both theCape Fear RiveandNortheast Cape Fear Riweere eesignated as critical habitat for

the Carolina DPS. Carolina Unit 4 encompassesChge Fear Rivemain stem from river
kilometer (rkm) O up to Lock and Da#2 and theNortheast Cape Fear Rivieom its confluence

with the Cape Fear Riveilo Rones ChapdRoad Bridge at Mount Olive, NC (FiguB11). The
physical or biological features (PBFs) of Atlantic sturgeon critical habitat that are essential to the
conservation of the species include hardbottom substrate in low salinity waters for egg settlement
ard early life stage development; aquatic habitat encompassing a gradual salinity gradient (0.5
30 ppt) and softbottom (sand/mud) substrate for juvenile foraging and development; waters of
sufficient depth and absent physical barriers to passage to supgpopgeded movements of
adults, subadults, and juveniles; and water quality conditions (temperature and oxygen) that
support spawning, survival, development, and/or recruitment of the various life stages (82 FR
39160).
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Figure 3-11
Atlantic Sturgeon Critical Habitat i Carolina Unit 4
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3.14.5 Shortnose Sturgeon

The shortnose sturgeon was listed as endangered throughout its range on 11 March 1967 (32 FR
4001). The shortnose sturgeon inhabits large Atlantic coast rivers from the St. Johns River in
northeasterrlorida to the Saint Johns River in New Brunswick, Canada. Shortnose sturgeons
occur primarily in slower moving rivers or nearshore estuaries associated with large river
systems. Adults in southern rivers are estuarine anadromous, foraging at theemsaltwat
freshwater interface and moving upstream to spawn in the early spring. Shortnose sturgeons
spend most of their life in their natal river systems and rarely migrate to marine environments.
However, genetic studies indicate that some individuals motwgeba the various spawning
populations (Quattro et al. 2002, Wirgin et al. 2005). Spawning habitats include river channels
with gravel, gravel/boulder, rubble/boulder, and gravel/sand/log substrates. Spawning in
southern rivers begins in later winterearly spring and lasts from a few days to several weeks.
Juveniles occupy the saltwateeshwater interface, moving back and forth with the low salinity
portion of the salt wedge during summer. Juveniles typically move upstream during the spring
and sumtmer and move downstream during the winter, with movements occurring above the
saltwaterfreshwater interface. In southern rivers, both adults and juveniles are known to
congregate in cool, deep thermal refugia during the summer. Shortnose sturgeargrace b
omnivores feeding on crustaceans, insect larvae, worms, and mollusks. Juveniles randomly
vacuum the bottom and consume mostly insect larvae and small crustaceans. Adults are more
selective feeders, feeding primarily on small mollusks (NMFS 1998).

The shortnose sturgeon was thought to be extirpated from NC waters until an individual was
captured in the Brunswick River in 1987 (Ross et al. 1988). Subsequemtgsiudies (1989

1993) confirmed the presence of a small shortnose sturgeon popultatiee lowerCape Fear

River belowLock and Dam #1 Tagged shortnose sturgeons were found to move throughout the
lower river from rkm 16 up td.ock and Dam #1rkm 96) (Moser and Ross 1995). Gravid
females engaged in directed upstream migrations tnggested the possible existence of a
reproducing population abousock and Dam #XMoser and Ross 1995); however, the current
distribution, abundance, and reproductive status of shortnose sturgeorCiapiiné-ear Riveis
unknown (Shortnose Sturgeon StatiReview Team 2010). No critical habitat has been
designated for the shortnose sturgeon.

3.14.6 Sea Turtles

3.14.6.1 Loggerhead Sea Turtle

The loggerhead sea turti€dretta carettqa was initially listed under the ESA as threatened
throughout its range on 28 July 1978 (43 FR
revised to threatened and endangered based on the recognition of nine DPSs. Distinct population
segments encgpassing populations in the Northwest Atlantic Ocean, South Atlantic Ocean,
Southwest Indian Ocean, and Southeast Hadoific Ocean were reclassified as threatened;
while the remaining five populations in the Northeast Atlantic Ocean, Mediterranean $isa, No
Pacific Ocean, South Pacific Ocean, and North Indian Ocean were reclassified as endangered.
Nesting in the US occurs along the Atlantic and Gulf coasts from southern Virginia to Texas, but
is concentrated from NC through Alabama (NMFS and USFWS 200&sting populations

along the southeastern US coast from southern Virginia to the Fl@adegia border comprise

the Northern Recovery Unit, one of five designated recovery units within the Northwest Atlantic
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DPS (USFWS 2009). Nesting in the NortherecBvery Unit had been declining at an annual
rate of 1.3% through 2007; however, nesting has increased substantially since 2008, with the
three highest annual nest totals on record occurring in 2012, 2013, and 2015. Similar nesting
increases throughoutdaiNorthwest Atlantic DPS since 2007 indicate that the population may be
stabilizing (USFWS 2015).

Adult female loggerheads return to their natal region to nest, and show a high degree of site
fidelity to the nesting beach selected during their initigkoductive season, typically nesting
during subsequent years within zero to three miles of the initial nesting site (Miller et al. 2003).
A variety of different substrates and beach slopes are used for nesting, but loggerheads appear to
prefer relativelynarrow, steeply sloped, coargmined beaches (Provancha and Ehrhart 1987).
Slope has been found to have more influence onsiesselection than temperature, moisture,

and salinity; and nest sites along a given beach are typically located on tlestssémmes, which
generally correspond to the highest elevations on the beach (Wood and Bjorndal 2000).
Loggerheads require deep, clean, relatively loose sand above thedRidime for successful

nest construction (Hendrickson 1982). Embryonic deve&g requires a highumidity
substrate with sufficient gas exchange (Mortimer 1990, Miller 1997, and Miller et al. 2003).
Hatchlings emerge from their nests en masse almost exclusively at night, and initial emergences
are sometimes followed by secondamergence events on subsequent nights (Carr and Ogren
1960, Witherington 1986, Ernest and Martin 1993, and Houghton and Hays 2001). Hatchlings
use light cues to guide their movement from the nest to the surf zone, relying on the contrast
between the relately bright ocean horizon and the relatively dark dune line (Daniel and Smith
1947, Limpus 1971, Salmon et al. 1992, Witherington and Martin 2003, and Witherington 1997).

Loggerhead nesting occurs along the entire NC coast, but is concentrated alosgdtwes of

the coast; including the Cape Fear region from Holden Beach to Fort Fisher, Topsail Island, and
Onslow Beach, and the barriers that comprise Cape Lookout National Seashore (CALO) and
Cape Hatteras National Seashore (CAHA). Collectively, thbsse sections of the coast
accounted for 83% of all loggerhead nesting in NC from 28@6. Nesting in NC is typically
restricted to the period of 1 May to 15 September. Relatively few nests are recorded during the
first three weeks of May, but neggimcreases rapidly from late May onward, peaking frommid
June through the end of July. Nesting declines abruptly after July, and few nests are recorded
after the third week of August. The Cape Fear region from Holden Beach to Fort Fisher supports
the hghest concentration of loggerhead nesting in NC, accounting for 30% of all loggerhead
nests recorded in the state from 2@W16. The average annual nest density for the region was
7.5 nests per mile from 20#D16. A total of 1,196 loggerhead nests evezcorded on Bald

Head Island from 200Q016, while 1,958 nests were recorded on Caswell Beach/Oak Island
(Table3-11). Annual nesting from 2062016 averaged 70 nests per year on Bald Head and 115
nests per year on Caswell Beach/Oak Island.
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Table 3-11
Cape Fear Region Sea Turtle Nests 2000-2016
Shoreline Reach Loggerhead Green Leatherback Kempés R
Fort Fisher 516 4 0 1
Bald Head Island 1196 25 1 0
Caswell Beach 850 0 0 0
Oak Island 1108 3 0 0
Holden Beach 608 2 1 0
Total 4278 34 2 1

Source:NCWRC 2015, Seaturtle.org 2017

The USFWS and NMFS have designated terrestrial (79 FR 39756) and marine (79 FR 39855)
critical habitat units for the loggerhead sea turtle along the US South Atlantic and Gulf Coasts
from NC to Mississippi. In NC, eight logghead terrestrial critical habitat units encompassing
approximately 96 miles of nesting beaches have been designated along the southern coast from
Beaufort Inlet to the Shallotte River in Brunswick County (79 FR 39756). Designated marine
critical habitatunits along the NC coast include areas containing nearshore reproductive habitat,
wintering habitat, breeding areas, and migratory corridors. Three designated nearshore
reproductive critical habitat units encompass all nearshore waters along the 96oimniles
designated nesting beaches from the MHW line to 1.6 kilometers (km) offshore. A single winter
critical habitat unit encompasses offshore waters between tme @0d 106m bathymetric
contours between Cape Hatteras and Cape Fear, and a single eshstiider habitat unit
encompasses waters between the shoreline and then 20thymetric contour from Cape
Lookout north to Oregon Inlet. In the Cape Fear region, four terrestrial critical habitat units
encompass all of ocedacing beaches from Carolirdeach Inlet to Shallotte Inlet; including
Pleasure Island/Fort Fisher, Bald Head Island, Oak Island, and Holden Beach 3FigureAll

waters from the MHW line out to 1.6 km along the designated terrestrial units are part of a single
nearshore reprodtice critical habitat unit that extends continuously from Carolina Beach Inlet

to Shallotte Inlet (Figur8-12). The inner boundary (26 contour) of the winter critical habitat

unit is located ~11 nm (13 m) seaward of the -fmsghg beaches to the nortdi Cape Fear
northward (Figure3-12).

Terrestrial critical habitat units encompass the dry ocean beach from the MHW line landward to
the toe of the secondary dune or the first developed structure. The units represent beaches that
are capable ofupporting a high density of nests or those that are potential expansion areas for
beaches with high nest densities. Critical nesting habitat primary constituent elements (PCES)
include unimpeded ocedn-beach access for adult females and unimpedeetmesean access

for hatchlings, substrates that are suitable for nest construction and embryonic development, a
sufficiently dark nighttime environment to ensure that adult females are not deterred from
nesting and that hatchlings are not disoriented ataydd or prevented from reaching the ocean,
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Figure 3-12
Loggerhead Critical Habitat
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and natural coastal processes that maintain suitable nesting habitat or artificially maintained
habitats that mimic those associated with natural processes (79 FR).39#te corresponding
nearshore marine critical habitat units represent reproductive habitat along nesting beaches that is
used by hatchlings for egress to the open ocean and by nesting females for movements between
beaches and the open ocean during #stimg season. Ciritical nearshore reproductive habitat
PCEs include nearshore waters directly off the highest density nesting beaches and their adjacent
beaches, waters sufficiently free of obstructions and artificial lighting to allow transit through the
surf zone to open water, and waters with minimal manmade structures that could promote
predators, disrupt wave patterns necessary for orientation, and/or create excessive longshore
currents (79 FR 39855). Winter critical habitat encompasses warm watghs & near the
western edge of the Gulf Stream that are used by a high concentration of juveniles and adults
during the winter. Primary constituent elements include water temperatures above 10°C from
November through April, continental shelf waters woxpmity to the boundary of the Gulf
Stream, and water depths between 20 and 100 m.

3.14.6.2 Green Sea Turtle

The green sea turt{€helonia mydaswas initially listed as endangered and threatened under the

ESA on 28 July 1978 (43 FR 32800). Breeding populations in Florida and along the Mexican
Pacific Coast were | isted as endangered, whi
range were 8t ed as threatened. I n 2011, the gree
threatened and endangered based on the recognition of eight DPSs (81 FR 20057). All green sea
turtles in the North Atlantic were listed as threatened under the North AtlaneéanCDPS.
Additional DPSs in the South Atlantic, Southwest Indian, North Indian, East Hidesn

Pacific, Southwest Pacific, Central North Pacific, and East Pacific were listed as threatened,;
while DPSs in the Mediterranean, Central West Pacific, antr&e3outh Pacific were listed as
endangered. Nesting in the US is primarily limited to Florida, although nesting occurs in small
numbers along the southeast coast from Georgia to NC and the Gulf Coast of Texas. Nesting
turtles appear to prefer high wagaergy barrier island beaches with coarse sands, steep slopes,

and prominent foredunes; with the highest nesting densities occurring on sparsely developed
beaches that have minimal levels of artificial lighting (Witherington et al. 2006). Nesting in
Florida has increased exponentially over the last 20 years, with record highs of 36,195 and
37,341 nests recorded in 2013 and 2015, respectively [Florida Fish and Wildlife Conservation
Commission (FWC)/Fish and Wildlife Research Institute (FWRI) 2016].

Greensea turtles nest in relatively small numbers along the NC coast, with reported nesting from
20002016 averaging 18 nests per year. Annual NC nest totals frora2Z2d@0ranged from four

to 26 nests. Nesting has increased since 2012, with the two higgsstotals on record
occurring during 2013 (n=39) and 2015 (n=38). Annual average of 27 nests frol2@A.3
Green sea turtle nesting records span the entire NC coast, but are concentrated along the barrier
islands of CALO and CAHA. Together, CALO a@RHA accounted for 63% of all reported
nesting in NC from 2000 to 2016. Areas supporting consistent nesting in small numbers include
Bald Head Island, Topsail Island, and Onslow Beach; which collectively account for 17% of all
reported nesting in NC frorR0002016. Nesting along the remainder of the NC coast has
generally occurred sporadically in very small numbers. Nesting data show a peak in activity
from the last week of June through the third week of August, with 79% of all nesting occurring
duringthis period. A total of 25 green sea turtle nests were recorded on Bald Head Island from
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20002016, while just three nests were recorded on Caswell Beach/Oak Island 8THble
abov@.

In US waters, green sea turtles are distributed along the AtlanticGaitfd Coasts from
Massachusetts to Texas (NMFS and USFWS 2007a).-hRagilings migrate to oceanic waters

and begin an oceanic juvenile phase of development. Oceanic phase juveniles appear to move
with the predominant ocean gyres for several years éeafturning to neritic waters where
juvenile development continues to adulthood. Neritic phase juveniles inhabit shallow estuarine
waters and nearshore continental shelf waters that are rich in seagrasses and/or marine
macroalgae. Adults generally remaim relatively shallow foraging habitats with abundant
seagrasses and macroalgae, but may enter the oceanic zone when migrating between foraging
grounds and nesting beaches. No critical habitat has been designated in the continental US.

3.14.6.3 Leatherback Sea Turtle

The leatherback sea turtl®drmochelys coriacgawas listed under the ESA as endangered
throughout its range on 2 June 1970 (35 FR 8491). The leatherback has a circumglobal oceanic
distribution that extends north and south into-palar regions. Dring the summer and fall, the
highest densities of adult and subadult leatherbacks in the North Atlantic have been reported in
Canadian waters (James et al. 2005). However, little is known of the distribution and
developmental habitat requirements ofthesbacks from hatchling to adulthood (NMFS and
USFWS 2013). Adults undertake extensive migrations between northern foraging grounds and
nesting beaches that are distributed throughout the tropical and subtropical regions of the
Atlantic, Pacific, and In@n Oceans. Nesting in the US is primarily restricted to Florida, Puerto
Rico, and the US Virgin Islands; but nesting occurs in small numbers along the Gulf Coast of
Texas and the southeastern US Atlantic Coast from Georgia to NC. Nesting in Florida has
increased substantially over the last 20 years, with the two highest nest totals on record occurring
during 2009 (n=1,747) and 2012 (n=1,712). Leatherback nesting is rare in NC, with just 33 nests
reported from 200@016. Of the eight years that had népd nesting events, statewide annual
totals ranged from one to nine nests. Leatherback nesting records are heavily concentrated along
the barrier islands of CALO and CAHA, which accounted for 82% of all reported leatherback
nesting in NC from 200Q016. Leatherback nesting along the remainder of the NC coast from
20002016 was limited to two nests along Bogue Banks and one nest each along Carolina Beach,
Bald Head Island, and Holden Beach. Reported nest establishment dates in NC range from 16
April to 30 July. The potential for leatherbacks to nest as early as late February (Meylan et al.
1995) suggests the possibility that some early nests in NC may be missed by monitoring efforts
that generally begin in May.

3.14.6.4 Kempdés Ridley Sea Turtle

The Kemp Gea turtle (@pidechelys kempiiwas listed as endangered throughout its
range on 2 December 1970 (35 FR 18320). Kemp
waters of the Gulf of Mexico and the western North Atlantic Ocean. Data indicate tittat ad

utilize coastal habitats of the Gulf of Mexico and the southeastern US. Adults inhabit nearshore
waters and are commonly found over eradh sandy or muddy bottoms (NMFS and USFWS

2007b). Nesting is primarily restricted to coastal beaches alongMthaecan states of
Tamaulipas and Veracruz, nesting in small numbers occurs consistently along the Gulf Coast of
Texas (Turtle Expert Working Group 1998). Rare nesting events occur along the Gulf Coast of
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Alabama and the southeastern US Atlantic CoashfroF | or i da t o NC. A t ot
ridley nests were documented in Florida from 1979 to 2013 (FWC/FWRI 2016). Kemp's ridley
nesting is extremely rare in NC, with just 12 nests reported from-2006. Of the 12 nests,

eight were reported north of Gajhookout along the Outer Banks. Reported nest establishment
dates range from 25 May to 23 June. Kempos r
limited to one nest at Fort Fisher in 2015. Hatchlings migrate to the oceanic zone where they are
carried by currents into various areas of the Gulf of Mexico and the North Atlantic Ocean. At
approximately two years of age, juveniles leave the oceanic zone and move to coastal benthic
habitats in the Gulf of Mexico and the Atlantic Ocean along theeeat/nited States. During

this stage, juveniles occupy protected coastal waters such as bays, estuaries, and nearshore
waters that are less than 165 feet deep. Juveniles utilize a wide range of bottom substrates but
apparently depend on an abundanceciabs and other invertebrates (NMFS and USFWS
2007b) . No critical habitat has been designa

3.14.6.5 Hawksbill Sea Turtle

The hawksbill sea turtleEfetmochelys imbricajavas listed as endangered throughout its range

on 2 Junel970 (35 FR 8491). Hawksbill sea turtles are distributed circumglobally in tropical
and to a lesser extent subtropical waters of the Atlantic, Indian, and Pacific Oceans. Nesting
occurs on sandy beaches throughout the tropical and subtropical regibasAdfantic, Pacific,

and Indian Oceans. Nesting in the US is primarily limited to Florida, Puerto Rico, and the US
Virgin Islands (NMFS and USFWS 1993). Marine and nesting critical habitats for the hawkshbill
sea turtle have been designated in Puertm R63 FR 46693). Rare nesting events in the
continental US are essentially restricted to the southeastern coast of Florida and the Florida Keys
(Meylan 1992; Meylan et al. 1995). A total of 46 hawksbill nests were documented in Florida
from 19792013 (AFWC/FWRI 2016). Nesting records in NC are limited to two nests at CAHA
that were identified through DNA testing in 2015 (National Park Service 2015). Although
documented nesting in the continental US is extremely rare, the similarity of hawksbill tracks t
those of the loggerhead suggests that some hawksbill nesting may go undetected along the
southeastern US coast (USFWS 2015, Meylan et al. 1995). In US waters, hawksbills have been
reported along the Atlantic and Gulf Coasts from Massachusetts througs; Teowever,
sightings north of Florida are rare. Hawksbills are commonly observed in the Florida Keys and
on reefs off the coast of Palm Beach County, Florida. Texas is the only other state where
sightings occur with any regularity. Hatchlings areiedrby currents to the oceanic zone where

they reside in major ocean gyres. Juveniles eventually depart the oceanic zone and move to
nearshore habitats. Juveniles and adults are primarily associated with coral reef habitats; but
may use other habitatsich as hardbottoms, seagrass beds, algal beds, mangrove bays and
creeks, and mud flats. Adults undertake extensive migrations between foraging grounds and
nesting beaches (NMFS and USFWS 2007c¢).

3.14.6.6 Spatial and Temporal Distribution of Non-Breeding Sea Turtles

North Carolinaés sounds and estuaries provide
postpel agic juvenile | oggerhead, green, and Kem
regarding the inshore distribution of sea turtles in NC has lgemerated by studies in the

PamliccAl bemar |l e estuarine compl ex, where | arge

ridley sea turtles are incidentally captured annually by commercial fishing operations. All three
species are represented primarilyjbyeniles, with few reported captures of older juveniles and
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adults (Epperly et al. 2007). All three species move inshore during the spring and disperse
throughout the sounds during the summer. All three species leave the sounds and move offshore
duringthe late fall and early winter. Epperly et al. (1995a) reported the presence of sea turtles in
backbarrier estuaries along the NC coast from April through December. Goodman et al. (2007)
reported the presence of sea turtles in Core and Pamlico Souhdstarh e near shor e
ocean waters of Raleigh Bay from April through Novembéuvenile loggerhead, green, and
Kempss ridley sea turtles utilize the low&ape Fear Riveestuary during the warmer months.

Sea turtles have been observed in@agpe Far Riverestuary as far upstream as river mile 15
(NMFS 20128. Although there are no published data on the distribution and movements of
juvenile sea turtles in théape Fear Rivegstuary, during a tracking study of 18 gikétted green

and Kemps ridleyjuveniles in the lower estuary, only one individual (a presumed mortality)
moved north of Snows Cut (Snoddy and Williard 2010).

Several studies have reported a strong relationship between sea turtle distribution and sea surface
temperature. Goodman et. §2007) conducted aerial sea turtle surveys and sea surface
temperature monitoring in Core Sound, Pamlico Sound, and adjacent nearshore ocean waters
within one mile of shore from July 2004 to April 2006. All but one of the 92 sea turtle
observations oceted in waters where sea surface temperatures were above 11°C. All sightings
in the sounds occurred between 16 April and 20 November, and all sightings in the nearshore
ocean occurred between 23 April and 27 November. The winter distribution of sea turtl
offshore of Cape Hatteras was also correlated with sea surface temperatures above 11°C
(Epperly et al. 1995c). In a similar study by Coles and Musick (2000), sea turtle distribution
offshore of Cape Hatteras (from shore to edge of Gulf Stream) waEtegstto sea surface
temperatures 013. 3AC.

The leatherback sea turtle is primarily a pelagic species preferring deep, offshore waters.
Leatherbacks may be present in nearshore ocean waters during certain times of the year;
however, they rarely enter eatine waters. Epperly (1995b) reported the appearance of
significant numbers of leatherback turtles in nearshore ocean waters during May, coincident with
the appearance of jellyfish prey. Sightings declined sharply after four weeks and only a few
sightings were reported after late June. Leatherbacks were infrequently observed in estuarine
waters during this period. The surveys conducted by Goodman et al. (2007) recorded only one
leatherback observation, during the summer in the nearshore ocean sdldipeoHatteras.
Epperly et al. (1995a) reported the occurrence of three leatherbacks in Core and Pamlico Sounds
during December 1989. Hawksbill sea turtles are rare in NC waters, and they rarely enter
estuarine waters (Epperly et al. 1995a). A total iokrhawksbill stranding incidents were
reported along NC beaches between 1998 and 2009 (Seaturtle.org 2011). Strandings were
reported during the months of January, March, April, and November. Epperly et al. (1995b)
reported the incidental capture afedhawksbill in Pamlico Sound.

3.14.7 Piping Plover

The piping plover Charadrius melodyswas listed as endangered and threatened under the ESA
on 10 January 1986 (50 FR 5072650734). The final listing rule recognized three
demographically independent populasdhat breed in three separate regions: the Atlantic Coast
from NC to Canada, the Great Lakes watershed, and the Northern Great Plains region. Birds that
breed along the Atlantic Coast are recognized as the subspi&cras meloduswhile birds
belongingto the interior Great Lakes and Northern Great Plains breeding populations are
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recognized as the subspeciés m. circumcinctugMiller et al. 2010). The piping plover is
classified as endangered within the Great Lakes watershed and as threateneduhrinegh
remainder of its breeding, migratory, and wintering range. The shared migratory and wintering
range of the three breeding populations encompasses the Atlantic and Gulf Coasts from NC to
northern Mexico, as well as the Bahamas and the West In@ietside of their breeding range,

birds belonging to the endangered Great Lakes breeding population are indistinguishable from
those belonging to the threatened Great Plains and Atlantic coast populations; and consequently,
all piping plovers are classifieas threatened within their shared migratory and wintering range
(USFWS 2009). The 2009 status update identified the principal continuing threats to the
recovery of the species as habitat loss attributable to beach stabilization and inlet management
projects, human disturbance associated with vehicular and pedestrian recreational activities, and
predation attributable to native wildlife and freaming and feral domestic animals (USFWS
2009).

Annual NC breeding pair estimates from 20l 7 averaged 47aps. Annual estimates ranged

from a low of 20 pairs in 2004 to a high of 70 pairs in 2012. Annual estimates since 2012 have
ranged from 43 to 65 pairs. The vast majority of all breeding activity in NC occurs along the
barrier islands of CALO and CAHAyhich have accounted for 90% of all estimated breeding
pairs in NC since 2000. Annual 20@017 estimates for the southern NC coast (south of
CALO) ranged from two to nine breeding pairs (average = five pairs). Breeding activity along
the southern NC cad is essentially restricted to the LHataff Island/New Topsail Inlet
complex and the north end of Bear Island. Collectively, these areas account for 89% of all
southern NC coast breeding pair observations since 2000. Since 2000, 97% of all NC breeding
pair observations and nest sites have occurred on undeveloped barrier islands. Furthermore, 79%
of all breeding activity has occurred on undeveloped barriers that are also unstabilized; including
North Core Banks (NCB), South Core Banks (SCB), Bear dsi@mslow Beach, and Lddutaff

Island. The accreting south end of Topsail Island along New Topsail Inlet is the only site
associated with a developed island that supports any notable breeding activity in NC. Since
2000, all other developed islands in M@mbined have accounted for just four breeding pair
observations (Tabl8-12). Breeding pair observations in the Cape Fear region fromZ2000

include just two pairs at Fort Fisher; one each during 2002 and 2005.

Piping plovers from all three breedipgpulations use barrier island habitats along the NC coast
as migratory stopover and/or wintering sites during thebreeding season. The habitat use
patterns of noibreeding plovers in NC are characterized by movements between different inlet
complex labitats (Cameron 2006). Some sites are used exclusively for foragingoigite are

used for roosting.

Wintering plovers at Oregon Inlet primarily used béekrier tidal flats and dredged material
disposal islands for foraging; while the ocean beac¢himvone mile of the inlet was the primary

site used for roosting, preening, and being alert (Cohen et al. 2008). Foraging habitat use was
influenced by tidal stage, with plovers exhibiting a preference for the dredged material disposal
islands as the assiated intertidal zones were exposed on the falling tide. The habitat
preferences of wintering and migratory plovers are generally similar; however, there are some
sites that are more important for migrating plovers (e.g., Ocracoke Inlet) and sonre thatre
important for wintering plovers (e.g., Shackleford Banks and Bird Shoals) (Cameron 2006).

Comprehensive survey data for spring and fall migration periods along the southern NC coast are
generally lacking; and consequently, patterns ofratggy distribution and abundance along
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Table 3-12
Annual NC piping plover breeding pair estimates 2000  -2017
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total

NORTHERN REGION
CAHA 3 3 5 6 11 9 12 15 15 9 14 12 12 145
PINWR 2 1 2 1 0 0 0 0 0 0 1 1 1 0 2 5 6 2 24
CALO
NCRISCE 16 16 15 14 13 26 33 46 46 37 42 41 51 45 47 43 30 27 588
CALO
chackleford . - - - - 1 0 0 0 0 0 0 0 0 0 0 0 0 1
Regional 22 20 19 18 16 30 38 52 57 46 55 57 67 54 63 60 48 36 758
Subtotal

SOUTHERN REGION
Bear
Island/Bogue 0 0 0 0 0 0 1 1 1 1 1 1 2 0 0 2 2 0 12
Inlet
Onslow 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 2 6
Beach
North
TopsaillNew 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2
River Inlet
South
Topsail/lNew 0 1 1 1 1 2 2 2 2 1 0 1 0 1 0 0 1 1 17
Topsail Inlet
Lea-Hutaff 2 2 2 5 3 4 5 5 4 4 5 2 0 1 1 0 0 0 45
Figure 8 o 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 1 5
Island
Fort Fisher 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2
Ocean Isle 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
Sunset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Beach
Regional 2 3 4 6 47 8 9 7 7 6 5 3 2 2 4 5 7 o
Subtotal
%_AFTAEW'DE 24 23 23 24 20 37 4 61 64 53 61 62 70 56 65 64 53 43 849
Average Annual Breeding Pair Total 47
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some portions of the southern coast remain poorly understood. However, data compiled by the
NCWRC show that piping plovers use stopover sites at nearly all of the southern region inlets
during migration (Cameron 2006). Efforts to monitor wintering plovers along the southern NC
coast have primarily been limited to the International Piping Plover Winter Census (IPPWC); a
rangewide survey of all known wintering sites conducted every figary. The results of the
IPPWC surveys indicate that the distribution of wintering plovers along the southern NC coast is
highly similar to that of the breeding population. Wintering plovers are highly concentrated at
the LeaHutaffNew Topsail Inlet/Sahh Topsail complex and the Bear Island/Bogue Inlet
complex. Small numbers of winter residents have been observed along Fort Fisher and on the
east end of Ocean Isle Beach at Shallotte Inlet (T ().

Table 3-13
International Piping Plover Winter Cen  sus

Year

Site Name Total
2001 2006 2011 2016
Fort Fisher to Bald Head 2 3 0 0 5
Oak Island 0 0 0 0 0
Holden Beach 0 0 0 0 0
Ocean lIsle 0 4 1 0 5
Sunset Beach/Bird Island 0 0 0 0 0
Total 2 7 1 0 10

3.14.7.1 Piping Plover Habitat

The breeding and nestirgabitat requirements of piping plovers in NC are highly restricted to
wide, sparselvegetated sand flats along the most dynamic and unstable reaches of barrier
islands. Although NCB and SCB encompass ~48 miles of unstabilized ocean beach habitat,
breedimy sites are restricted to the dynamic infdluenced ends of the islands, the similarly
dynamic cape point, recently deposited overwash fans, and recently closed inlets. In the
southern region, breeding sites are essentially restricted to thenfhletnced ends of a few
undeveloped barriers and natural overwash deposits ehluesdf Island. The highly restricted
habitat use pattern in NC is consistent with the overall pattern of habitat use in the southern
recovery unit, which is similarly restrictein comparison with the northern recovery units
(USFWS 2009). During the breeding season, adults and broods forage primarily-emelay

inlet and bactbarrier intertidal sand and mud flats. At CALO, jmesting adults spend less than

ten percent oftteir foraging time along ocean beacheat{®dhalPark Service2014); and a 1990

study reported that 96% of brood observations occurred on sadedidal flats, even though
broods had access to both bdxzkrier and ocean beach habitats (McConnaughdy E220).

A total of 18 wintering critical habitat units encompassing ~19,707 acres have been designated
along the NC coast from Oregon Inlet south to Mad Inlet along the NC/South Carolina boundary.
There are four designated units in the study area (F8ja. The ter m fiwintering
the final rule refers to all nebreeding season piping plover occurrences; including both
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I Critical Habitat for Wintering Piping Plovers
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Figure 3-13
Critical Habitat for Wintering Piping Plover
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migrating and wintering birds. Units have been designated at 15 of thetse 6 s 20 i nl
PCEs of critical wintering habitat are those habitat components that are essential for the foraging,
sheltering, and roosting requirements of piping plovers. Foraging habitat PCEs encompass
elements of intertidal beaches and flatsjuding sand and mud flats, algal flats, and washover
fans. Sheltering and roosting habitat PCEs include supratidal dune systems and flats that are
associated with critical foraging habitat PCEs. High quality intertidal foraging habitats include
sand ad mudflats with little or no emergent vegetation. Adjacent exposed or sparsely vegetated
sand, mud, and algal flats above high tide are also important, especially for roosting plovers.
Other important habitat elements include sparsely vegetated-samendabitats, salterns, sand

spits, washover fans, and surf cast algae.

3.14.8 Red Knot

The rufa red knotQalidris canutus rufa her ei nafter referred to
threatened under the ESA on 12 January 2015 (79 FR 73705 73748). The USFWf has n
approved a recovery plan for the red knot, and no critical habitat has been designated for the
species. Red knots migrate between breeding grounds in the central Canadian High Arctic and
wintering areas that are widely distributed from the southealt8rooast to the southern tip of
South America. Migration occurs primarily along the Atlantic coast, where red knots use key
stopover and staging areas for feeding and resting. Departure from the Arctic breeding grounds
occurs from mieluly through Augus and the first southbound birds arrive at stopover sites
along the US Atlantic coast in July. Numbers of southbound birds peak along the US Atlantic
coast in midAugust; and by late September, most birds have departed for their wintering
grounds. Majorfall stopover sites along the US Atlantic coast include the coasts of
Massachusetts and New Jersey, and the mouth of the Altamaha River in Georgia. Principal
wintering areas include the southeastern US Atlantic Coast from NC to Florida, the Gulf Coast
from Florida to northern Mexico, the northern Atlantic coast of Brazil, and the island of Tierra
del Fuego along the southern tip of South America. Smaller numbers of red knots also winter
along the central and northeastern US Atlantic coast and in thHegb€an. The core southeastern

US Atlantic wintering area is thought to shift from year to year between Florida, Georgia, and
South Carolina (USFWS 2014a).

Red knots typically arrive at southeastern US and Caribbean wintering sites in November, but
may arive as early as September. Birds wintering along the US Atlantic coast and in the
Caribbean typically remain on their wintering grounds through March, and in some cases as late
as May. Northbound birds from both North and South American wintering aseastopover

sites along the US midtlantic coast from late April through late May/early June (USFWS
2014a). Important spring stopover sites in the US include Delaware Bay and the Atlantic Coast
from Georgia to Virginia; however, small to large groupsi@fithbound red knots may occur in
suitable habitats along all of the Atlantic and Gulf Coast states. Unknown numbers- of non
breeding red knots, many consisting of ¢@@arold subadult birds, remain south of the breeding
grounds throghout the year (USF®/2014a).

The principal factors affecting red knots within the action area are the same as those affecting
nonbreeding piping plovers; including habitat loss and modification attributable to shoreline
stabilization and inlet dredging and human disturbass®ciated with pedestrian and oettéar
recreational activities.

Integrated Main Report i February 2020 Page 96

et

a ¢



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Migrating and wintering red knots use similar habitats, generally expansive intertidal sand and
mud flats for foraging and sparsely vegetated supratidal sand flats and beaches for idwosting.

red knot is a specialized molluscivore, feeding on {staelled mollusks that are swallowed
whole and crushed in the gizzard. The diet is sometimes supplemented with softer invertebrate
prey such as shrimmand crabike organisms, marine worms, ahdrseshoe crab eggs. Both
high-energy oceanfront intertidal beaches and sheltered estuarine intertidal flats are used for
foraging. Preferred habitats include sand spits and emergent shoals associated with tidal inlets,
and habitats associated with theuths of bays and estuarine rivers. Access to quality-tidgh
roosting habitat in close proximity to foraging areas is an important constituent of high quality
stopover and wintering sites (USFWS 2014a).

Systematic survey efforts have been relativelyitkd along the southern NC coast; and
consequently, patterns of red knot distribution and abundance along some portions of the
southern coast remain poorly understood. Systematic surveys along the southern NC coast have
primarily been limited to the codinated aerial surveys, which are conducted annually during the
peak spring migration period of ZB1 May. The aerial survey data suggest that Emerald Isle,
Lea Hutaff Island, Figure 8 Island, Masonboro Island, and Bald Head Island are important
stopoversites for northbound red knots during the spring; however, the data also indicate that red
knots make wide use of habitats along many of the southern region barriers, including habitats
associated with both developed and undeveloped islands (Bdlle As indicated by the
results of surveys at CALO and CAHA, peak annual spring migration numbers can occur from
mid-April to late May; thus the shewindow aerial surveys likely underestimate the distribution
and abundance of red knots along the southerst.co8ystematic survey coverage of the fall
migration period along the southern coast has been limited to a few site specific studies.
Systematic shorebird surveys conducted by the NCWRC at Bogue Inlet following the 2005 ebb
channel relocation project rewled peak annual red knot counts ranging from 17 to 204
individuals (Rice and Cameron 2009). The three highest peak counts, ranging from 68 to 204
individuals, occurred during May. However, two of the five annual peak counts occurred in
February and Mah, and were limited to relatively small numbers of individuals (43 birds in
February and 17 in March). Consistent monitoring by Audubon NC has provided comprehensive
information on red knot migration patterns at Rich Inlet (Addison and Mclver 2015k Pea
counts at Rich Inlet ranging from approximately 60 to 250 individuals have occurred during
May, and few red knots have been observed during fall migration.

Table 3-14
Red Knot Aerial Survey Counts 2006-2012

2006 2007 2008 2009 2010 2011 2012

Fort Fisher 81 4 20 8
Bald Head Island 78 67 21 5 26 40
Battery Island South 0 0

Oak Island 0 0 22 0
Lockwood Folly Inlet 0 25 18

Holden Beach 0 15 56
Ocean Isle Beach 0 23 112
Tubbs Inlet 0 11

Sunset Beach 0 0 35 75
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3.14.9 Wood Stork

In 2014, the ESA status of the US wood stdvly¢teria americanpbreeding population was
revised from endangered to threatened (79 FR 37078). The breeding population in Mississippi,
Alabama, Florida, Georgia, South Carolina, and NC was alsigriged a DPS. The current
breeding range encompasses peninsular Florida and the Coastal Plain of Georgia, South
Carolina, and southeastern NC. The breeding population has been increasing and expanding
northward. The thregear annual nesting averages Florida, Georgia, South Carolina, and NC

have exceeded 6,000 nests since 2003, and the average annual nest total-2212044s

9,692 nests (79 FR 37078). The first NC nesting colony consisting of 32 pairs was discovered at
Lays Lake in Columbus Caty in 2005 (USFWS 2007). Three additional breeding colonies
have since been discovered at Mill Branch Swamp in Columbus County, Steep Run along the
Cape Fear River in Bladen County, and Warwick Mill Bay in Robeson County. The Steep Run
colony is locatedalong the southwest side of the Cape Fear River approximately four miles
upriver of Lock and Dam #1. Annual nesting pair totals in NC increased from 32 pairs in 2005
to nearly 600 pairs in 2016 (Schweitzer 2016). Wood storks from northern Florida to
southeastern NC lay eggs between March and late May, with fledging occurring in July and
August (79 FR 37078). Pebteeding wood storks depart the colony sites and disperse widely
throughout the Coastal Plain of the southeastern US, but many remain imduGhthhe early

fall before migrating to Florida to spend the winter. Twin Lakes at Sunset Beach in Brunswick
County is an important pestreeding site where numerous wood storks congregate each year.

Wood storks use a wide variety of freshwater andageste wetlands for nesting, foraging, and
roosting. Nesting colonies are primarily established in cypress swamps, but other freshwater to
estuarine forested habitats are also used; including mangroves, black gum, willow, and
buttonbush (Coulter et al. 199 Wood storks tend to use the same colony site over many years
as long as the site remains undisturbed and there is sufficient feeding habitat in the surrounding
area (USFWS 1997). Foraging habitat consists of natural and artificial wetlands wibitesuita
prey and appropriate water depths (<50 cm) (Coulter et al. 1999). Wood storks also forage in
manmade wetlands such as storm water treatment areas, golf course ponds, borrow pits,
reservoirs, agricultural ditches, and dredge spoil sites (USFWS 20B®psting sites are
generally in trees over water, but storks may also rest on the ground near feeding sites (Coulter et
al.).

3.14.10 Seabeach Amaranth

Seabeach amarantArfaranthus pumilyswas listed as threatened throughout its range in 1993

(58 FR 18035 18092 Historically, this species occurred on coastal barrier island beaches from
Massachusetts to South Carolina. Extant populations are currently known from South Carolina,
NC, Virginia, Delaware, Maryland, New Jersey, and New York. Although the hidtoaicge

included Rhode Island and Massachusetts, seabeach amaranth has not been found in these states
for over a century. Ranggide population numbers increased substantially during the 1990s,
reaching a record high population estimate of 244,608 piar2800. However, the rangeide

trend since 2000 is characterized by a dramatic decline to just 1,308 plants in 2013. All of the
statespecific populations have experienced similar declines, with record or near record lows
recorded in all states by 2013

Primary habitats include overwash flats on the accreting ends of islands, lower foredunes, and
the upper strand on naroding beaches. Seabeach amaranth is an annual, meaning that the
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presence of plants in any given year is dependent on seed prodastiodispersal during
previous years. Seeds germinate from April through July, flowering begins as early as June, and
seed production begins in July or August. Seeds are dispersed by wind and water; flowering and
seed production both continue until thedeof the growing season. Seabeach amaranth is
intolerant of competition; consequently, its survival depends on the continuous creation of newly
disturbed habitats. Prolific seed production and dispersal enable the colonization of new habitats
as they beome available. A continuous supply of newly created habitats is dependent on
dynamic and naturally functioning barrier island beaches and inlets.

Although variable from year to year, the distribution of seabeach amaranth encompasses the
entire barrierisland coast of NC. Annual statgde surveys from 1995 to 2014 recorded an
average of 6,726 plants per year. Ldagn population trends in NC have been similar to those

of the overall rangavide population. After a record high annual count of 39j8138ts in 1995,

annual survey totals from 1996 through 2002 fluctuated between approximately 200 and 14,000
plants. Beginning in 2003, the NC population increased substantially over three consecutive
years, reaching 25,885 plants in 2005. The NC populdtas since been in rapid decline,
reaching a record low annual total of 154 plants in 2012. Numbers remained low in 2013 and
2014, with surveys recording just 166 and 526 plants, respectively. The largest numbers of
plants have been found along thetbeun NC coast, with concentrations occurring along Topsail
Island and Bogue Banks. However, smaller numbers of plants occur consistently along much of
the NC coast. Since 2000, occurrences of seabeach amaranth in the study area have been heavily
concentated on the Brunswick County beaches to the west of Cape Fear, and primarily on the
beaches of Oak Island and Holden Beach (TaHl&). Annual numbers in the study area have
varied considerably from a low of just 22 plants in 2000 to a high of 2,42006. Since 2010,

the population trend within the study area has mirrored the statewide andwidegeend of
steadily declining plant numbers, with annual totals from 2011 to 2014 ranging from just 51 to
350 plants (Tabl&-15).

Integrated Main Report i February 2020 Page 99



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Table 3-15
Cape Fear Region Seabeach Amaranth Counts 2000 -2014
Survey Year
Survey Reach Total
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Fort Fisher 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1
Bald Head 3 1 0 0 0o 45 4 0 2 0 0 0 226
Island
Oak Island East 9 63 413 302 4 92 291 105 40 1372 1 5 1 1 15,341
Oak Island West 0 3 129 965 7 82 171 11 24 204 15 0 0 0 1,626
Holden Beach 1 12 0 18 4 8 9 0 0 0 0 0 0o 26 272
East
Cv‘fe'gte” Beach 9 211 702 825 75 792 1945 281 574 123 434 116 46 108 323 6,829
Total 22 290 1244 2110 90 1020 2420 397 641 189 2010 132 51 109 350 24,295
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3.15 Invasive Species

Invasive species are organisms that have the potential to cause ecological and/or economic harm
when introduced to an area outside of their historical native range. The state of NC has
developed an Aquatic Nuisance Species Management Plan (ANSMP) tesatltresffects of
aquatic invasive species (NC ANSMP Committee 2015). Aquatic invasive species that are
present and currently causing ecological and/or economic harm in NC have been ranked and
prioritized for action based on the potential for ecologicel aconomic impacts, distribution

and abundance trends, and management difficulty (T&4&). Many of the priority species

have been reported from the study area, primarily from the tidal freshwater reaches of the upper
estuary. Nommative bluecatfish (I. furcatug and flathead catfishPf/lodictis olivarig are
invasive species of particular concern in the freshwater reaches of the estuary. Both catfish
species are apex predators that have come to dominate the freshwater fish community in terms of
biomass. Common reed forms vast monospecific stands on dredged material deposits and other
fill material throughout the high to low salinity reaches of the estuary. The 2017 tidal wetland
classification identified 2,403 acres of common reed stands in toy sirea (Appendix F:
Wetlands Impact Assessment). Lionfigttgrois volitansand P. mileg are invasive species of
particular concern in offshore marine habitats. Lionfish compete with native hardbottom and
reef species in NC. Although not included thre NC priority list, the nomative red alga
Gracilaria vermiculophyllais abundant in the Cape Fear River estuary. Accordinthéo
NCDEQ (2016),G. vermiculophyllaadds structure to tidal/subtidal mudflats that may improve
habitat for some species;Wwever, potential effects on native seagrasses are a concern.
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Table 3-16
NC Priority Aquatic Invasive Species
Priority
Higher Medium  Lower

Rank  Scientific Name Common Name Group Habitat

1 Hydrilla verticillata Hydrilla Plant Freshwater

2 Pterois miles Lionfish Fish Marine

2 Pterois volitans Red lionfish Fish Marine

4 Nymphoides peltata Yellow floating-heart Plant Freshwater

4 Phragmites australis australis Common reed Plant Fresh-Brackish

6 Faxonius rusticus Rusty Crayfish Crayfish Freshwater

6 Procambarus clarkii Red swamp crayfish Crayfish Freshwater

6 Alternanthera philoxeroides Alligatorweed Plant Freshwater

9 Faxonius virilis Virile crayfish Crayfish Freshwater

10 Ictalurus furcatus Blue catfish Fish Freshwater

11 Lynbya wollei Musty black mat algae Cyanobacterium  Freshwater

12 ClpengEpe e el Chinese mystery snail Gastropod Freshwater

malleata
12 Anguillicoloides crassus Eel swim-bladder Nematode NA
nematode

12 Myriophyllum spicatum Eurasian water milfoil Plant Fresh-Brackish

16 Myocastor coypus Nutria Mammal Freshwater

17 Micropterus punctulatus Spotted bass Fish Freshwater

17 Corbicula fluminea Asian clam Bivalve Freshwater

19 Phyllorhiza punctata Australian spotted jellyfish Coelenterate Marine

19 Lythrum salicaria Purple loosestrife Plant Freshwater

19 Lythrum spp. Purple loosestrife Plant Freshwater

19 Murdannia keisak Marsh dewflower Plant Freshwater

23 Ludwigia hexapetala Uruguay water primrose Plant Freshwater

23 Myriophyllum aquaticum Parrot feather Plant Freshwater

25 Polysiphonia breviarticulata A red alga Alga Marine

25 Egeria densa Brazilian elodea Plant Freshwater

25 Najas minor Brittle naiad Plant Freshwater

25 Triadica sebifera Chinese tallow tree Plant Freshwater

29 Tilapia zillii Redbelly tilapia Fish Freshwater

29 Ludwigia peploides peploides Creeping water primrose Plant Freshwater

31 Codium fragile tomentosoides Green sea fingers Alga Marine

31 Carcinus maenas European green crab Crab Marine

31 Oreochromis aureus Blue tilapia Fish Freshwater

31 Eichhornia crassipes Floating water-hyacinth Plant Freshwater

31 LudW|g|.a peplmdes Creeping water primrose Plant Freshwater

montevidensis

31 Pistia stratiotes Water lettuce Plant Freshwater

37 Potamogeton crispus Curly-leaf pondweed Plant Freshwater

38 Nasturtium officinale Water-cress Plant Freshwater

Note: shaded rows indicate species reported fror@#pe Fear Rivavatershed belowock and Dam #1

3.16

The North Carolina Natural Heritage Program maintains a database of managed conservation
areas in NC and serves as the state steward for the USGS Protected Areas Database of the United
States. Nrth CarolinaNaturalHeritageProgramdatabase records for the study area vicinity are

Managed and Protected Areas
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shown in Table3-17. The sites identified in Tabl8-17 are those that encompass shorelines,
waters, and/or wetlands that are influenced by tides and currents in the Cape Fear River estuary.

Table 3-17
Managed and Protected Conservation Areas in the Vicinity of the Study Area

Managed Area Name Owner QI_V;SS Acres
E?é‘i;ggd Island Conservancy Bald Head Island Conservancy Private 45
Bald Head Island State Natural Area NC Division of Parks and Recreation State 5,970
Bald Head Woods Coastal Reserve NC Division of Coastal Management State 189
Battery Island Audubon Sanctuary National Audubon Society Private 92
Black River Preserve The Nature Conservancy Private 5,398
,\Bﬂgrr;ivgi:k River/Cape Fear River NC Division of Environmental Quality State 92
Brunswick Town State Historic Site ggg;’tiiseign of State Historic Sites and State 129
Cape Fear River Wetlands Game Land NC Wildlife Resources Commission State 7,250
Carolina Beach State Park NC Division of Parks and Recreation State 628
Eagle Island Natural Area NC Div of Soil and Water Conservation State 239
Ferry Slip Island Audubon Sanctuary National Audubon Society Private 7
Fort Fisher State Historic Site ggp?ei\r/tiiseign of State Historic Sites and State 38
Fort Fisher State Recreation Area NC Division of Parks and Recreation State 475
Masonboro Island NCNERR NC Division of Coastal Management State 5,653
Military Ocean Terminal Sunny Point US Department of Defense Federal 10,887
No Name Island Audubon Sanctuary National Audubon Society Private 7
Orton Creek Preserve The Nature Conservancy Private 1,233
Snows Marsh Island National Audubon Society Private 118
ggzguzlfycan Island Audubon National Audubon Society Private 10
Striking Island Audubon Sanctuary National Audubon Society Private 43
USS North Carolina Battleship NC Division of State Historic Sites and

Memorial Properties State 79
Zekes Island NCNERR NC Division of Coastal Management State 1,472
Total 40,054

NCNERR = North Carolina Nation&stuarine Research Reserve

3.17 Air Quality

Pursuant to the Clean Air Act (CAA) [42 United States Code (USC) 7401 et. sedJSHRA

has set Nat i

onal

Ambi ent Air

Qual i

ty

Standar
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poll utantso t hat h arahe envimmment. pNatiohal AmbidnteAdr [Quality
Standards have been established for seven criteria pollutants: nitrogen dioxide (NO2), carbon
monoxide (CO), particulate matter less than ten microns in diameter (PM10), particulate matter
less than 2.®Bnicrons in diameter (PM2.5), sulfur dioxide (SO2), lead (Pb), and ozone (O3). All

US counti es ar e assigned a designati on of €
attainmento for each individual cri tlefoi a pol
achieving and maintaining the NAAQS through the development of State Implementation Plans
(SIPs). Major stationary sources (i.e., industrial and commercial facilities) of criteria pollutants

and other regulated Hazardous Air Pollutants (HAPs)ireqperating permits under the state
administered Title V Operating Permits program. Title V of the CAA defines major source
facilities as those having the potential to e
singl e HAP, dangdomhinatiGn2o6HAPsmn an annual basis. Mobile sources of
emissions such as automobiles, aircraft, and otheiplmeered machinery are addressed in SIPs
through vehicle emission budgets, transportation planning efforts, and enforcement of federal
emissions standards through stateninistered vehicle inspection programs. New Hanover and
Brunswick Counties are currently designated as attainment areas for all criteria pollutants
(USEPA 2018).

Sources of portelated air emissions at the Wilmingtd@erminal include ocean going vessels
(OGVs), harbor craft, cargo handling equipment, rail locomotives, and heavy duty trucks. An air
emissions inventory has not been conducted for the Port of Wilmington; however, an inventory
for the Port of Charlestoshowed that OGVs were by far the largest contributor to air emissions,
accounting for 45 to 99% of total port emissions, depending on the pollutant (Moffatt & Nichol
2013). Trucks were the second largest contributor of air emissions; followed in order of
decreasing contribution by cargo handling equipment, harbor craft (i.e., tug boats), and ralil
locomotives. TheUSEPA has established domestic emissions standards for diesel engines
installed on US vessels. Additionally, OGVs operating in foreign podsiaters are subject to
international emissions standards established through the International Convention on the
Prevention of Pollution from Ships (MARPOL) Annex VI.

3.18 Noise

The principal sources of anthropogenic underwater noise within the study aredeincl
commercial shipping operations associated with the Port of Wilmington, military shipping
operations associated with MOTSU, recreational watercraft activity, and periodic maintenance
dredging operations in the federally maintained Wilmington Harbor ANMdW navigation
channels. Clarke et al. (2002) documented noise levels ranging from 120 to 140 decibels (dB)
re: 1 micropascal (ePa) root mean square (rm
in Mobile Bay, Alabama. Peak spectral levels fodividual commercial ships are in the
frequency band of 10 to 50 Hertz (Hz) and range from 195 dB re: pPa 2/Hz a 1 mor fast
moving (>20 knots) supertankers to 140 dB re: pPa 2/Hz @ 1 m for small fishing vessels (NRC
2003). Small boats with outboaod inboard engines produce sound that is generally highest in
the midfrequency [1 to 5 kilohertz (kHz)] range and at moderate (150 to 180 dB re: 1 pPa @ 1
m) source levels (Erbe 2002, Kipple and Gabriele 2003 and 2004). For instance, small craft with
outboard motors [14 to 18 ft (4.3 to 5.5 m) in length with 25 to 40 horsepower, 19 to 30 kilowatt
(kW) outboard motors and operated at a speed of from 10 to 20 knots] had maximum source
levels (onethird octave band) at 160 dB re: 1 pPa @ 1m with peak graerg kHz (Kipple and
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Gabriele 2003). On average, noise levels were found to be higher for the larger vessels, and
increased vessel speeds resulted in higher noise levels (Hildebrand 2009).

Clarke et al. (2002) reported hopper dredge noise levelsrahgingm 120 to 140 dB

at a distance of 4t during navigation dredging in Mobile Bay, Alabama. A more recent study

of the sounds produced by hopper dredges during sand mining at offshore borrow sites in
Virginia reported noise levelsrangingfino 161 t o 179 dB re 1g¢Pa r ms (
source |l evels did not exceed the NMFS Level A
injurious effects on marine mammals; however, noise levels generally exceeded the NMFS Level

B harassmenttheshol d (0120 dB re lgPa rms) within
remained at or near 120 dB re 1gPa rms out t
(2002), cutterhead dredges produce pearks sound
with rapid attenuation occurring at short distances from the dredge and sound levels becoming
essentially inaudible at a distance of approximatelyrg00

Anthropogenic noise has the potential to cause behavioral disturbance and permanent injury to
expsed marine mammals depending on the intensity level that individual animals experience
(Sout hall et al . 2007) . The NMFS defines tw
Actions that may expose marine mammals to noise in excess of establishedfaalsus

marine mammal hearing groups (TaB}&8) constitute Level A harassment with the potential to

cause injury. Actions that may expose marine mammals to impulse (e.g., pile driving) noise

l evels 0140 dB re 1tgPa rmsoiosre cloenvteilnsu o2 0 e
constitute Level B harassment with the potential to cause behavioral disruption.

Table 3-18
Level A Permanent Threshold Shift Onset Harassment Values
for Marine Mammal Hearing Groups.

PTS Onset
Hearing Group (Received Level)
Impulsive Non-Impulsive
PK: 219 dB .
Low -Frequency (LF) Cetaceans SEL ., 183 dB SEL ¢ym: 199 dB
. PK: 230 dB .
Mid -Frequency (MF) Cetaceans SEL . 185 dB SEL ¢ym: 198 dB
. PK: 202 dB .
High -Frequency (HF) Cetaceans SEL o 155 dB SEL ¢ym: 173 dB
S PK: 218 dB .
Phocid Pinnipeds (PW) SEL o 185 dB SEL ¢um: 201 dB
PK: 232 dB

Otariid Pinnipeds (OW) SEL ¢um: 219 dB

SEL cum: 203 dB

PTS = Permanent Threshold Shift.

PK = Peak sound level

SELcm = Cumulative sound exposure level
Source: NMFS 2016
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3.19 Hazardous, Toxic , and Radiological Waste (HTRW)

Based on investigations conducted for previous harbor projects, there apaglous Toxic,

and Radiological Waste (HTRW) high priority site in the study area that could be affected by
channel modifications The high priority site is the former Southern Wood Piedmont treated
wood facility located along the Cape Fear River ~0.25 mile north of the Port of Wilmington.
Investigations conducted for the iMdington Harbor Improvement Projecfurning Basin
expanson project found that the sediment along the waterfront of teh8rn Wood Piedmont
facility was contaminated primarily with arsenic and polycyclic aromatic hydrocarbons JPAHs
(USACE 2018) The majority of the site hadontaminationthat wasslightly ebove USEPA
regional prelinmary remediation goals (PRGs); howevewntaninationlevels inisolated areas
were well above the PRGs for arsenic and PAHluding several areasithin 50 ft of the
waterfront. Generally,soil arsenic and PAH levels withi0 to 150 ft of the waterfront were
slightly above the PRGsAdditional contaminated areasith levels ofdioxins and furansvell

above PRG weredetected within 200 ft of the waterfrorih 1999, Southern Wood Piedmont
consented to voluntary remediation the contamination, ancesponsibilityfor oversight and
approval of remedial actions was deferiedthe State under the Superfund State Deferral
Memorandum of Agreement between the USEPA Region IV and the State of North Carolina.
Oversight is providedby the NC Division of Waste Management under the Inactive Hazardous
Sites Program. Remedial investigations have been ongoing since the late 1990s, but the site does
not have an approved remedial action plan and no remedial actions have been undertaken.

3.20 Aesthetics and Recreation

Aesthetics addresses the physical, biological, and cultural landscape elements that contribute to
perceptions of scenic beauty. The NC coast encompasses a broad range of natural landscape
elements that are highly valued for theaenic beauty; including marine and estuarine water
resources, tidal marshes, sandy beaches and dunes, maritime forests, and associated wildlife
resources. Cultural elements such as lighthouses and historic waterfront districts contribute to a
sense of @ce and the perception of the coast as a unique scenic resource. Surveys of visitors to
NCOs barrier i slands indicate that natur al
historical structures are considered important elements of a positiveiesaee (Ellis and
Vogelsong 2005). The study area encompasses a diverse assemblage of viewscapes, including
natural forested tidal wetlands in the upper estuary; the historic downtown Wilmington
waterfront; industrialized waterfront port facilities; expse natural salt marshes in the lower
estuary; and the sandy beaches, dunes, and maritime forests of Bald Head Island and Oak Island.
Aesthetic value is not easily quantified, as perceptions of scenic beauty vary among different
stakeholder groups. Whkilmany are likely to associate scenic beauty with natural and
historically significant landscapes, others may place aesthetic value on industrialized port
facilities to the extent that they are perceived as part of the maritimeyhastdrculture of the

NC coast.

3.20.1 Recreation

The coastal waterways, ocean and beaches of New Hanover and Brunswick Counties provides a
scenic and enjoyable setting for the general public, which also includes the numerous
recreational vessels and commercial vessels commonly callinfpe port. The estuarine and
marine environment within the study area provides a wealth of opportunities for recreational
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fishing, diving and boating, both by tourists and the public at large. The beaches present in the
study area offer numerous redieaal opportunities, including swimming, surfing, walking,
diving, fishing, and other ecotourism activities. Public beaches within both counties have active
shore protection programs to maintain their beaches for both shore protection of properties and to
maintain public beaches for the general public.

Recreational and commercial fishermen have used the river/estuarine and marine waters within
the study area extensively for many generations. Primary species sought include oysters,
penaeid shrimpblue crd, spot, flounder, trout, croaker, red drum, bluefish, Spanish mackerel,
and king mackerel. Areas of primary importance to the local commercial fishing industry have
included traditional fishing grounds off Bald Head and Oak Islands. Due to the pre$ence
numerous offshore artificial reefs developed by the state and past actions of the USACE, where
dredged rock was placed at théilmington Offshore Fisheries Enhancement Structaref,

located east of the new ODMDS (USACE 19964, 2000).

3.21 Coastal Barrier Re sources

The Coastal Barrier Resources Act (CBRA) of 1982 was enacted to discourage the development
of hurricane prone, biologically sensitive coastal barrier islands. The CBRA prohibits most new
federal expenditures that encourage or subsidize barremdistievelopment. The CBRA
established the John H. Chafee Coastal Barrier Resources System (CBRS) consisting of barrier
islands that are either undeveloped or predominantly undeveloped. The CBRS includes two
types of designated units; System Units ande@tise Protected Areas (OPAs). In System
Units, new development and projects that involve substantial improvements of existing structures
are not eligible for most types of federal funding and assistance; including the National Flood
Insurance Program (NIF) and subsidies for road construction, channel dredging, and other
coastal engineering projects. In the case of OPAs, NFIP is the only type of prohibited federal
spending. The study area encompasses one System Unit (Masonboro Island Unit LO9) and one
OPA (Cape Fear Unit NCO7PFigure 3-14). The Masonboro Island Unit encompasses the
undeveloped ~2nile north end of Carolina Beach, Carolina Beach Inlet, and Masonboro Island

to the north ofCarolina Beach Inlet The Cape Fear Unit extends ~14 miles lsdtdm Snows

Cut to the baclbarrier shoreline of Baldhead Island; encompassing Carolina Beach State Park,
the Fort Fisher State Historic Area, the Fort Fisher State Recreation Area, and tiariack

marsh complex between Federal Point and Bald Héads
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E Approximate Study Area
P Coastal Barrier Resources Act (COBRA) Zone 9
Otherwise Protected Area (OPA)
[ | B | L IMiles
0 5 10 20 a0

Figure 3-14
COBRA System Units and Otherwise Protected Areas
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3.22 Cultural and Historic Resources

Panamerican (Appendix GCultural Resources) conducted cultural resource remote sensing
surveys of areas potentially affected by harbor channel expansion; includingftaw286 zone

along either side of the ~26ile inner harbor channel reach between the Cape Fear River mouth
ard Wilmington, a 506€t-wide zone along either side of the existing Bald Head Shoals ocean
entrance channel, and a 1,60@vide by 8mile zone encompassing the proposed ocean entrance
channel extension reach (Appendix G: Cultural Resources). The repmgmgs surveys
identified seven potentially significant targets, all within the inner harbor survey areas.
Subsequent diver investigations identified three of the seven targets as modern debris; one as an
old wooden revetment; one as a natural ridge;amthe remains of a navigation buoy; and one

as the paddlewheel of the shipwreck CR&e a Confederate blockade runner previously
identified by the NC Underwater Archaeological Branch (UAB). Of the investigated targets,
only the paddlewheel of the C¥&ite was considered historically significant. Remote sensing
surveys did not identify any potentially significant targets within the ocean channel survey areas.
No subbottom paleofeatures potentially representing prehistoric sites were identified irheither t
inner or ocean survey areag number of historic sites that are listed in the National Register of
Historic Places (NRHP) occur along the banks of the CFR; including the Wilmington Historic
District, Brunswick Town/Fort Anderson State Historic S@eton Plantation, Fort Fisher State
Historic Site, Southport Historic District, Fort Caswell Historic District, and the Bald Head
Island Lighthouse. Additionally, the NRHRted USS North Carolina is berthed in the CFR
opposite downtown Wilmington.

3.23 Socio economic Condition s

This section describes the demographic characteristics of the study area population pursuant to
Executive Order (EO) 12898 Federal Actions to Address Environmental Justice in Minority
Populations and Losincome Populations and EO 1304%rotection of Children from
Environmental Health Risks and Safety Risksxecutive Order 13045 (Protection of Children

from Environmental Health Risks and Safety Risks) requires federal agencies to identify and
address environmental health and safetysriftkat may disproportionately affect children.
Environmental health and safety risks are those attributable to products or substances that a child
is likely to touch or ingest (e.g., air, food, drinking water, recreational waters, soil, or products
they mght use or to which they may be exposed).

3.23.1 Population

Table3-19 shows decennial census data for North Carolina and the counties of Brunswick, New
Hanover, and Pender from 1980 through 2010 and includes the 2017 Census Bureau population
estimates. The Whhington Metropolitan Statistical Area, defined as the combination of New
Hanover and Pender Counties, is included as well, but is not a discrete area of summation for the
Census Bureau.

In general, the population of the region surrounding Wilmington hare tthan doubled in the

last 40 years. There have been dramatic increases in population in the New Hanover and Pender
Counties and the population of Brunswick County has more than tripled since 1980, with
particular population growth on the east side eftbunty, across the Cape Fear River from the

City of Wilmington.
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Table 3-19
MSA, County, and State Population 1980 -2017
. Population
Locale Designated % change
Type 0
yp 1980 1990 2000 2010 2017 1980-2017

North State 5,881,766 6,628,637 8,049,313 9,535,483 10,052,564 70.9
Carolina
Er””SW'Ck County 35,777 50,985 73,143 107,431 122,586 242.6

ounty
New
Hanover County 103,471 120,284 160,307 202,667 219,866 112.5
County
(F;e”der County 22215 28,855 41,082 52,217 57,630 159.4

ounty
Wilminaton Metropolitan
MSA 9 Statistical 125,686 149,139 201,389 254,884 277,496 120.8

Area

Source: U.S. Census Bureau

3.23.2 Employment & Income

With the exception of the national economic recession in the late 2000s, the economic conditions
in the Wilmington region have remained relatively steady. As Tala@ indicates, the top ten
employers within the City of Wilmington and New Hanover Couaty steady over the time
period and represent about 20 percent of all employment within the county. Primary employment
sectorsSli3ncIude healthcare and social assistance, education, retail, accommodation and food
services.

Brunswick County had a total estewed civilianlabor force of 32,771 in 2018. Ilimat year,
27,925people were employed in private nfarm jobs in the countythe highesproportionof

those private sector jobs were in the trddealthcarg and serviceindustries(NCCommerce,

2018) In 2017, t he county 0 $.7 percentnefleciygnaecorttinuimga t e w
downward trendi.e., a decline in unemployment and therefore an increase in employroemt)
12.5percent in 2010 after the recession of 2692012 Unemployment in 1990 d2000 was

6.1 percent and.5percent respectively.

New HanoveiCounty had a total estimated civilitabor force of 114,449 in 2018. thatyear,
95,159people were employed in private rfarm jobs in the countythe highesproportionof

those priate sector jobs were in the tradesalthcare and serviceindustries(NCCommerce,

2018) I n 2017, t he count y 04s2 parcent, mgfidctmgy aneontinuing at e
downward trendi.e., a decline in unemployment and therefore an increase in enmgaityfrom

9.7 percent in 2010 after the recession of 2602012 Unemployment in 1990 and 2000 was
4.5percent an®.6 percent respectively.

PenderCounty had a total estimated civiliéabor force of 12,142 in 2018. thatyear,9,756
people were employed in private rfarm jobs in the countythe highestproportionof those
private sector jobs were in the tratlealthcargandserviceindustriesfNCCommerce, 2018)In
2017, t he count y 0 s4.7percent peflectyngneminuing downevardwransl

13 https://accessnc.nccommerce.com/DemographicsReports/
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(i.e., a decline in unemployment and therefore an increase in employmnoemt)1.4 percent in
2010 after the recession of 20@02012 Unemployment in 1990 and 2000 whS percent and

4.1 percent respectively.

Employer

Table 3-20
Principal Employers in the City of Wilmington

2018

2009

Percentage of

Percentage of

Employees Total County Employees Total County
Employment Employment

New Hanover Health Network 6,880 5.91 4,887 4.61
New Hanover County Schools 3,831 3.29 4,129 3.90
Un!ve_rsny of North Carolina 2154 185 1,809 171
(Wilmington)
General Electric Nuclear 1,790 154 3,000 283
Fuel/Aircraft
New Hanover County 1,756 151 1,673 1.58
Pharmaceutical Products 1,500 1.29 1,800 1.70
Development
Cape Fear Community College 1,328 1.14 1,256 1.19
Verizon Wireless 1,278 1.10 1,200 1.13
Wal-mart 1,080 0.93 1,000 0.94
City of Wilmington 1,067 0.92 1,114 1.05
Total 22,664 19.45 21,868 20.64

Source: City of WilmingtonHhttps://www.wilmingtonnc.gov/Home/ShowDocument?id=10007

Median incomes in the area aleghtly abovestateinflation-adjusted mediamcomeof $52,400
(Table3-21). The income figure presenteth Table3-21 have been adjusted for inflation from

their original
rounded for ease of comparison across time.

v al

ues

4 https:/www.bls.gov/data/inflation_calculator.htm

usi

ng the

UsS

B and a u

of

This comparison is valuable because, without
adjustment for inflation, wages ithe area appedrave increasedramatically however, when
adjusted for inflation, real wagésve slightlydeclinedsince 2000

Integrated Main Report i February 2020

Page 111


https://www.wilmingtonnc.gov/Home/ShowDocument?id=10007

Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Poverty status is determined from various statistics gathered through the census and is measured
on a family to family basisThe comput ati on
or family (based on family size), where earnings in a calendar year are compared to the
threshold. The U.S. Census Bureau data on povertidoth Carolinaand Brunswick, New
Hanover, and Pender Count&sownin Table3-21 indicate that the poverty rate increaseda
result of the recession of 2009 to 2012, but recovery has not been even across the area, with

Brunswick County at a poverty rate lower thaw#s in 2000, New Hanover County lower than

s based

on

a

Apov

in 2010, but not as low as 2000, and Pender County with the highest poverty rate over the last

eighteen years

Table 3-21
Employment, Income, and Poverty
North Carolina 1990 2000 2010 2017
Unemployment Rate™ 3.4 3.3 11.4 4.9
Median Household Income™® N/A 58,700 50,500 52,400
Poverty Rate N/A 12.3 17.5 14.7
Brunswick County 1990 2000 2010 2017
Unemployment Rate 6.1 4.5 125 5.7
Median Household Income N/A 53,700 51,500 53,300
Poverty Rate N/A 12.6 16.9 11.9
New Hanover County 1990 2000 2010 2017
Unemployment Rate 4.5 3.6 9.7 4.2
Median Household Income N/A 60,200 53,800 53,600
Poverty Rate N/A 13.1 18.1 15.5
Pender County 1990 2000 2010 2017
Unemployment Rate 4.5 4.1 11.4 4.7
Median Household Income N/A 53,800 51,700 51,400
Poverty Rate N/A 13.6 14.8 15.8

Source: U.S. Census Bureau, Decennial Census, 1990, 2000, 2010; American Community Survey, 2017

3.23.3 Minority and Low income Populations

Executive Order 12898, Federal Actions to Address Environmehuatice in Minority
Population and Lowwncome Populations, directs federal agencies to identify and address, as
appropriate, disproportionately high and adverse human health or environmental effects of their

programs, policies, and activiies on minoritppplations and lovincome populatiortd
(Executive Order, 1994). When conducting NEPA evaluatiGES) directs federal agencies to

15 From Bureau of Labor Statistics (BLS, 2018).
1% Figures have been inflation adjustetiaounded.

" Low income is defined as a person whose household income is at or below the current Department of Health and

Human Services poverty guidelines.
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incorporate Environmental Justice (EJ) considerations into both the technical analyses and the
public involvement (CEQ, 1997)

The CEQ guidance defines fiminorityo as indiyv
population groups: American Indian or Alaskan native, Asian or Pacific Islander, Black, not of
Hispanic orign, and Hispanic (CEQ, 1997). When defining areas for armslyne Council

definesa minority population when either the minority population of the affected area exceeds

50 percent of the total population, or the percentage of minority population in the affected area is
meaningfully greater than the minority population percentage in the general population or other
appropriate unit of geographical analy$rsaddition, federbagencies have interpreted the CEQ

EJ guidance to include identifiable minority communities with the potential to be disrupted, even
when the population does not meet the threshold of 50 percent or meaningfully greater.

Low-income populations, as definddr the purposes of EJ analyses, are identified using
statistical poverty thresholds from the Bureau of the Census Current Population Reports, Series
P-60 on Income and Poverty (U.S. CensBareay 2010). In identifying lowincome
populations, a communitynay be considered either as a group of individuals living in
geographic proximity to one another, or a set of individuals (such as migrant workers or Native
Americans), where either type of group experiences common conditions of environmental
exposure oeffect. The U.S. Census Bureau defines a poverty area as a census tract or other area
where at least 20 percent of residents are below the poverty level (U.S. Census2Bdfau

The poverty threshold® for a family of four for2017 was anannualincome of$24,858(U.S.

Census Bureau, 201

The Executive Order directs federal and state agencies to incorporate environmental justice as
part of their mission by identifying and addressing the effects of all programs, policies and
activities on minority andow-income populations. The fundamental principles of EJ are as
follows:

() Ensure the full and fair participation by all potentially affected communities in the
decisionmaking process;

(i) Prevent the denial of, reduction in or significant delayhia teceipt of benefits by
minority and lowincome populations; and

(iif) Avoid, minimize or mitigate disproportionately high and adverse human health and
environmental effects, including social and economic effects, on minority populations
and lowincomepopulations.

Table 3-22 shows the 204 U.S. Census population and the racial mix (as a percentage) for the
State ofNorth Carolina and the counties of Brunswick, New Hanover, and P@dodgrCensus
Bureau, 20T). As stated abovaninority populationsare identifiedwhen either the minority
population of the affected area exceedgpBfcent of the total population, or the percentage of
minority population in the affected area is meaningfully greater than the minority population
percentage in the generabpulation or other appropriate unit of geographical analysis.

18 poverty status is determined from various statistics gathered through the census and is measured on a family to
family basiswiththec o mput ati on based on a fApoverty thresholdod for
where earnings in a calendgear are compared to the threshold.
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According to the Council 6s
minority population is present in the Brunswick County.

gui

dance on EJ

Table 3-22
2017 Population, Race, and Perce nt Below Poverty Threshold
Race Percent of Total Percent
Geographic Area 2017. Ameri Below
Population White  Black ~MeM@N  ispanic *  Asian Poverty
Indian Threshold
North Carolina 10,052,564 71.1 22.9 19 9.1 3.2 16.1
Brunswick 16435 434 558 1.0 21 07 20.9
ounty
New Hanover 2190866 827 151 0.8 54 20 18.0
County
Pender County 57,630 79.1 16.8 1.3 6.8 0.8 15.8

* Hispanics may be of any race, so also are included in applicable race categories.

The identification of minority and low income populations for Environmental Justice purposes is

p o

based on US Census data. Analysis of Census data for the study area was accomplished using

the USEPA EJSCREEN Environmental Justice Screening and Mapping Baskd on the CEQ
guidelines, minority and low income populations occur in the vicinity of downtown Wilmington,
the Port of Wilmington, and in rural areas to the north and west of Wilmington (F@jifeand
3-16).
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Figure 3-15
Percent Minority Populat ion
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Figure 3-16
Percent of Population Below Poverty Level
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4 WITHOUT-PROJECT CONDITIONS

Without-project future conditions are based on the following assumptions that are discussed in
the sections identified below and further substantiated in the Econappendix:

1 Without-project future conditions include completion of the ongoing navigation and
marine transport improvements that are occurring at the Port of Wilmington (Sections 4.1
and 4.2);

1 Without-project future conditions include completion of the dngonavigation and
marine transport improvements that are occurring at other USEC ports (Section 4.3);

1 Continuing increases in the amount and proportion of fleet capacity in PPX3Max and
PPX4 containership classes, the cascade effect of larger vesselsidgspmaller vessels
on the USEGAsia services, and the efficiencies provided by larger vessels will further
increase the size of vessels calling at USEC ports resulting in PPX3Max vessels being
deployed on the ZCP and EC2 services(Section 4.5); and

1 Under withoutproject condition channel depth constraiatsl draft restrictionsat the
Port of Wilmington,the resulting light loading of the design vessel forZ# and EC2
services will cause the two Asia services to drop Wilmington as aoposll (Secton
4.6).

The combination of completed navigation improvements at other USEC ports and the continuing
introduction of PPX3Max vessels into the USBS6la services will make the Port of Wilmington
unable to successfully compete as a-obitall on USECGASsia services under withogroject
conditions. If the disparity in channel depths between the Port of Wilmington and other USEC
ports continues, then these services will cease calling at the Port of Wilmington and the
containers on these services will be reggh to use alternative ports to reach their final
destinations, as discussed below.

4.1  Wilmington Harbor Navigation Features

Under without-project conditions NCSPA improvements to the turning basin at the Lower
Anchorage and the raising of the dKer increased dredged material placement capacity at the
Eagle island CDFre projected to be completed

4.1.1 Channels and Turning Basins

The Lower Anchorage Basin, immediately upstream of the container terminal at the Port of
Wilmington, is used as the turning basor vessels calling at the Port of Wilmington. The
turning basin is currently undergoing improvements designed to allow a containership with a
length overall (LOA) of 1,200 feet to turn in the basin. A length overall of 1,200 feet is
consistent with thelesign vessel for this project, which has a LOA of 1,200 feet, a beam of 159
feet, and a maximum draft of 51 feet. Construction is scheduled to be complete i(s2620
Section 5: Formulation and Preliminary Evaluation of Alternatives).

The withoutproject future condition Federal navigation channel at Wilmington Harbor,
exclusive of the turning basin expansion, was designed for a Panamax vessel with a length
overall of 965 feet, a beam of 106 feet, and a maximum draft of 4QUEACE 1996) The

design essel for this project has a length overall of 1,200 feet, a beam of 159 feet, and a
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maximum draft of 51 feetAt a sailing draft of 40 feet, the design vessel would have nearly 48
feet of freeboard (excluding superstructure), which would make navigangithoutproject
condition channel tenuous under all but the most benign conditidres design vessel, although

it may be capable of periodically transiting the withpudject conditionFederal navigation
channel under perfect wind, current, and daditions with additional tug assistance, cannot
use the withouproject conditionFederal navigation channak standard operating procedures
with the Port of Wilmington as a regular poftcall.

4.1.2 Dredged Material Disposal

The Eagle Island Confined Dispal Facility is situated on a 1,4&8re tract of land that forms a
peninsula between the Cape Fear and Brunswick Rivers. Eagle Island CDF is operatedn a three
cell configuration. Cell 1 consists of 230 acres, Cells 2 is approximately 260 acres, aBdsCell
approximately 265 acres, for a total of 755 acres of diked uplands. Maximum dike height is
currently 40 feet above mean sea level for Cell 1 and 42 feet for Cells 2 and 3 (USACE 2017).
The dikes for all three cells are proposed to be raised to 6@kdeee mean sea level, which will
extend the useful life of Eagle Island CDF to 2032 (USACE 2017).

4.2  Wilmington Harbor Terminal Facilities

This section focuses on the container terminal at the Port of Wilmington. There are no major
improvements projected fahe bulk terminals at Wilmington Harbor, which would influence
plan selection, and therefore they are not discussed further other than being included in
HarborSym model runs as origins and destinations for channel traffic.

4.2.1 Port of Wilmington Container Te rminal

The NCSPA iscurrentlyengaged in 200 millionterminal improvement program to increase
the efficiency and throughput capacity of the Port of Wilmington container ter(Riigaire4-1).
The intent of the improvement program is to incre&seughput capacity to 750,000 TEUs by
2022 and to 1.1 million TEUs by 2025cheduledmprovements include:

1 Repaving and warehouse demolition to increase container storage capacity;
1 Build out of the reefer yard;

1 South Gate upgrade; and
1

Construct intermodaail yard.
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Figure 4-1
Port of Wilmington Container Terminal Improvement Plan

4.3 USEC Federal Navigation Projects

Historically, containerships calling at the USEC have not been the largest vessels in the world
fleet. Although the USEC has the cargo demand and terminal capacity to service larger
containerships than they do currently, channel constraints have limgsel \@ading and draft at

many USEC ports, resulting in the slower deployment of these newer, larger vessels. At some
USEC ports vessel length and beam are also limited. All the major international trade partner
ports in Europe and in Asia are capableseivicing vessels with a 48ot draft and most are
capable of servicing vessels with af®dt draft. Recently, most major ports along the USEC
have been authorized deepening projects to allow the new generation of containerships to
achieve operating dits similar to major international trade partner ports. A number of these
projects have been, or are being, constructed and the majority will be completed over the next 10
years. Tablel-1 presents the current and future depths for the major USEC corgaiter As

these projects come dime, the improved channel dimensions are allowing larger vessels to call
efficiently loaded and as a result, the USEC container fleet is dramatically increasing in vessel
size.
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Table 4-1
Current and Future USEC Port Depth s i Major Container Ports

Port CDu;rFiEt Future Depth & Status Projected Completion
Boston* 40 feet 48 feet - under construction 2024
New York* 50 feet 50 feet - constructed Complete
Philadelphia 45 feet 45 feet - constructed Complete
Baltimore 50 feet 50 feet - constructed Complete
Norfolk 50 feet 55 feet i under construction 2025
Wilmington, NC 42 feet 42 feet i constructed N/A
Charleston* 45 feet 52 feet 1 under construction 2021
Savannah* 42 feet 47 feeti under construction 2020
Jacksonville* 40 feet 47 feeti under construction 2025
Port Everglades 42 feet 48 feet 1 in design 2024
Miami 50 feet 50 feet - constructed Complete

* USEC-Asia service loop partners with Port of Wilmington, NC

At the present time, before the improvements shown in Téldleare complete, the Federal
navigation channel at Wilmington Harbor is deeper than Boston and Jacksonville, has the same
depth as Savannah and Port Everglades, and is only three feet shallaw&harleston and
Philadelphia. This relative parity has allowed the Port of Wilmington to be competitive as a port
of call for the USEC container services. However, under future wibroygct conditions, the

depth at the Port of Wilmington relative tdher major USEC container porngll decline
substantially making the Port of Wilmington far less competitive

By 2025, whenconstruction ofthe projectdisted in Table4-1 will be completedihe Federal
navigation channel aVilmington Harbor will hae substantially less depth than the other major
USECcontainer ports. For the ports that are service loop partnersheitRort of Wilmington

on the USECAsia servicesthe relative lack of depth #te Port of Wilmingtorwill range from

a 5foot defict with Jacksonville andsavannahiwhich also has a sifoot tide) to a 1-foot
deficit with Charleston As these projects near completion, USEC container services will
complete the transition to larger, more deeply drafting containerships to take adwaniage
economies of scale provided by the newer, larger vessels, as described in S2g&oBxesting
Containership FleefThis will place Wilmington at a further disadvantage since the vessels on
the service will need to substantially light load t8 aaWilmington, but not at the other ports on
the EC2 and ZCP services (Tall@).
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Table 4-2
Existing and Future Without -Project Condition Channel Depths for USEC Port
Rotations on the Two USEC -Asia Services (Feet below MLLW)

ZCP Service EC2 Service
2019 2025 2019 2025
Savannah 42 47 New York 50 50
Charleston 45 52 Boston 40 48
Wilmington 42 42 Wilmington 42 42
Jacksonville 40 47 Savannah 42 47
Kingston, JM 50 50 Charleston 45 52

4.4  Commodity Projections

Without-project commodity projections fohe Federal navigation channel at Wilmington Harbor
are focused on containerized cargo at the Port of Wilmington. Commodity projections for bulk
and brealkbulk commodities are projected to remain at existing condition levels throughout the
planning horiza. Potential commodity growth for bulk commodities is not projected to
influence plan formulation or effect plan selectim&cause only a small number of vessel calls
would likely be able to take advantage of the deeper channel.

4.4.1 Containerized Commodities
The future withouproject containerized commodity forecast includes

1 nonAisa containerized cargo that is projected to use the Port of Wilmington under
without-project conditionsand

1 Asia containerized cargo that is projected to use alternative USEE yraler without
project conditions.

The withoutproject condition containerized commodity forecémt the Port of Wilmington
excludes USE@\sia services based on withgutoject channel restrictions on vessel size and
loading and the resulting increaisetransportation costs that would be incurred by the carriers.
Under withoutproject conditions USE@sia services will not call at the Port of Wilmington
and USECGAsia cargo will use alternative SEC ports capable of providing the economies of
scale associated with larger vessels carrying larger lmadioperating at deeper drafts, which
cannotbe accommodated at the Port of Wilmingtddnly norAsia containerized cargo, which

is not constrained by ioutproject channel conditions is projected to call at the Port of
Wilmington under without project conditions.

The USEC argo growth rates are the same growth rates identified for Norfolk Harbor
Navigation Improvements General Reevaluation Report/Bnmental Assessment, Appendix
B: Economics, May 2018. The growth rates used for this analgsipare favorably with the
harborspecific growth rates used for the Charleston B&sEeasibility Study and the Norfolk
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Harbor GRR (Tablel-3). Note that alfforecasts are based on work performed by MSI, Inc., a
third-party contractor engaged by USACE to forecast future TEU traffic.

Table 4-3
Forecast Growth Rate Comparisons
USEC (2018)* Norfolk (2018) 2 Charleston (2015) *
Years IMP EXP Years IMP EXP Years IMP EXP

2018 - 2023 3.70% 5.40% 2015-2023 3.96% 3.96%

2023 - 2028 4.40% 5.50% 2023-2030 3.65% 3.66% | 2022-2027 5.1% 6.7%

2028 - 2030 3.50% 3.50% 2030-2035 3.48% 3.49% | 2027-2032 3.5% 4.2%

2030 - 2045 2.50% 2.50% 2035-2040 3.30% 3.31% | 2032-2037 2.8% 2.8%

2040-2043 3.11% 3.12%

! Norfolk Harbor Navigation Improvements General Reevaluation Report/Environmental Assessment,
Appendix B Economics Appendix, May 2018, supporting documentation

2 Norfolk Harbor Navigation Improvements General Reevaluation Report/Environmental Assessment,
Appendix B Economics Appendix, May 20IBables 22 & 23

3Charleston Harbor Post 45 Integrated Feasibility Study and Environmental Impact Statement, Economics
Appendix, June 2015 Table 21

The Port of Wilmington withouproject containerized commaodity forecast (f&sia cargo) is
presented in fyear increments from 2025 through 2045 and is held constant at 2045 levels
throughout the remainder of the analysis. Asia cargo that would divert fre@ Port of
Wilmington to alternative USEC ports under withqubject conditions is presented (Taid).

Table 4-4
Port of Wilmington Hinterland Containerized Cargo Forecast ( loaded TEUs only)
Region Port 2025 2030 2035 2040 2045
Non-Asia Wilmington, NC 107,203 132,875 150,336 170,091 192,443
Asia USEC Alternate 162,621 201,564 228,052 258,019 291,925

4.4.2 Bulk Commodit y and Fleet Forecast

Bulk and breakbulk commodities include fuel and chemicals (liquid bulk), wood chips and
potash (dry bulk), and lumber (break bulk). Historical tonnages (T&bleand 2-8) show no
persistent growth trends and no projected future growth in bulk commaaitades were
identified. Therefore, future withoytroject bulk commodity tonnages are projected to be
consistent with recent historical tonnages. The transport of bulk commodities is not constrained
by withoutproject channel dimensions and will not béndfom the proposed project.
Therefore, bulk commaodity transport has no effect on plan formulation or plan selection and is
included in the detailed economic analysis only to account for the impact of bulk vessel transits
on potential channel congestion.
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The fleet forecast for bulk and break bulk commodities was developed using the HarborSym
vessel loading tool. The number of vessel calls does not change from year to year under future
without-project conditions (Tablé-5) because the commodity forecesheld constant.

Table 4-5
Bulk, Breakbulk, and Non -Asia Container Vessel
(Annual Vessel Calls)

Fleet Forecast

Vessel Type Annual Calls
Sub-Panamax Containership 66
Bulk Carrier 48
General Cargo 110
Oil Tanker 151
Chemical Tanker 92
Ro-Ro 15
Total 482

4.5

The Wilmington HarboAsia servicesleet forecast is based on historical trends, observed vessel
operations, and projected conditions at other domestic ports of call sharing the reigizght

Asia services, as well asatle partner international ports. The containership fleet forecast is the
focus of this analysis. Bulk vessels are forecasted for inclusion in HarborSym modeling, but do
not benefit or otherwise influence plan formulation or selection.

Containership Fleet Forecast

The withoutproject ondition fleet forecast for neAsia containerized cargo is based on the
existing fleet calling at the Port of Wilmington. There are three weekly containership services
and one biweekly service, all using stanamax vessels (Tables). Over time, the v&sels on

these services may load more fully or Panamax vessels may rotate into the services as the
number of TEUs increase with projected growth in trade. However, in the foreseeable future,
vessels on these services are not projected to be constrainedthoytproject channel
conditions

Table 4-6
Non-Asia Cargo Without -project Containership Fleet Forecast
for Port of Wilmington

Average Vessel

Frequency  Route Carrier TEU Capacity
Weekly Central & South America Sealand/Maersk 1,720
Weekly Europe International Container lines 3,100
Weekly Central America & Carib  Crowley 960
Bi-weekly Europe & Mid-East Bahri 364 with RoRo
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The future without-project fleet for vessels on USEASia services is projected toonsist

mainly, if not exclusively, of Ne®?anamax vessels (PPX3 and PPX3Max) for services that
transit the Panama Canal. For USESla services transiting the Suez Canal, the future without
project fleet will consist of Ne®anamax vessels and Rd&o-Panamax vessels (PPX4). The

two USECAsia services calling at the Port of Wilmingtahat areprojected to shift to
alternative USEC ports under witheprtoject conditions transit the Panama Canal and therefore
are the focus of the withoyroject fleet foreast. Note thatUSECGAsia services, which use the

Suez Canal, would also be constrained at the Port of Wilmington, but because there are no
services using the Suez Canal currently calling at the Port of Wilmington Suez services are not
included in the foecast.

Prior to the Panama Canal expansiafi,the USEGAsia services using the Panama Canal
consisted exclusively of Panamsaized vessels. These vessels all had a beam of 106 feet and
were no longer than 965 feet, with TEU capacities ranging from 4¢g8@f)der vessels to 5,100

for newer vessels. Panamax vessels became dominant on these services because they were the
most efficient vessels (lowest transportation cost per TEU) that could be depioyedh the

Panama CanallThe maximum vessel size fdret new Panama Canal lotkss 160 feet beam,

1,200 feet LOA, and maximum operating draft through the canal ¢80 These dimensions

define the size of the Nd®anamax class of containerships, which include PPX3 and PPX3Max
vessels (se€able4-7).

The future withoutproject condition fleet forecast for vessels on the U@@ services
transiting the Panama Canal will consist of PPX3 and PPX3Max vessels. ZdBésrough 2

18 demonstrate the transition from a Panamax dominated fleet in 2009 (pribe tPanama
Canal expansion) to a Nd&tanamax dominated fleet. In 2018, only two years after the opening
of the new Panama Canal locks, Neanamax vesseilscreasedrom 0% to58% - 72% of the

fleet for the example routes presented in the tables. This transition is projected to continue until
USECAsia services transiting the Panama Canal are dominated bP&emmax vessels in the
same manner that Panamax vessels dominated undestibricallock constraints.

The annual number of vessel calls (Taldle) for the USEGAsia without-project condition
commodity forecas{Table4-4) was developed using the HarborSym vessel loading tool.

Table 4-7
Port of Wilmington Hinterland  Asia Carg o Without -project Containership Fleet
Forecast
Vessel Class Port 2023 2028 2030 2040 2045-2076
PPX3 & PPX3Max USEC Alternate 64 83 89 126 126

4.6  Without -project Transportation Costs

Without-project transportation costs are calculated for the UBEK@& cargo, which is using
alternative ports and PPX3 and PPX3Max vessels under wipinojgict conditions. Without

19 OP Notice to Shipping No. 14-2018 Vessel Requirements, 01Jan18, Panama Canal Authority
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project transportation costs for the USEE6ia cargo includes waterborne and landside
transportation costs. Transportation costs atecalzulded for norAsia cargo or bulk cargo

using the Port of Wilmington because these transportation costs are projected to remain the same
under without and witlproject conditions.

4.6.1 Without -project Waterborne Transportation Costs

Without-project waterborne traportation costs are based on the Port of Savannah as the
alternative port f o rcontaierized i Asig tcavgo ddentifiédi im tthe r | a n «
commodity forecast. Savannah was selected as the most likely alternative port because
Savannah 6 s hepvitheukptojead conditiom pott rotation is ahead of Charleston (Table

4-8), which is reasonable considering t&atvannah hathe largesshare of cargo on the vessel

Calling at Savannah before calling at Charleston, which is consistent with thagegmtidition
(Table2-19) creates a-glay time advantage for Wilmingtdmnterland cargo being offloaded at
Savannah as compared to Charleston. 8ase withouproject waterborne transportation costs

are calculated for Wi | rad As@tcargo dusing Bavannak asl then d ¢
alternative port. The risk and uncertainty associated with this wifrojgct condition
assumption is addressed in a sensitivity analyses that uses Savannah as the alternative port for
Wi | mi ngt onds hirta{maintainiagitite timesadvantagejngna using Charleston as
the alternative port for Wil mingtonds hinter]

Table 4-8

Without -project ZCP and EC2 Services Ports -of-Call (Loop)
ZCP Service (Zim/2M) EC2 Service (ONE)
Tianjing Xingang Qingdao
Qingdao Ningbo
Ningbo Shanghai
Shanghai Busan
Pusan Panama Canal
Panama Canal Manzanillo (PA)
Kingston, JA New York, NY
Savannah, GA Boston, MA
Charleston, SC Savannah, GA
Jacksonville, FL Charleston, SC
Kingston, JA Panama Canal
Panama Canal Qingdao
Slavyanka
Pusan

Tianjing Xingang

Without-project waterborne transportation co§l@ble 4-9) were calculated by the USACE
Deep Draft Navigation Planning Center of Expertise, using the HarborSym nitiuelaverage
annual equivalent Vwae waterbornetransportation costsunder Bas&ase withouproject
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conditions (Savannah as alternate paatg $19,361000 calculated at the FY 20 Federal
discount rate (2.75%) over 50 yeard/aterborne transportation costs are marginally lower for

the sensitivity analysis because export cargo, which uses Charleston in the sensitivity analysis,
has a 10hautical mile shorter distance to travel to Asia.

Table 4-9
Wilmington Hinterland Containerized Asia Cargo Without -project Waterborne
Transportation Costs: Alternate Ports for Selected Years (thousands $FY20)

2025 2030 2035 2040 2045 AAEQ

Savannah $84,687 $101,667 $114,209 $126,749 $139,291  $119,361

Savannah/Charleston  $84,247 $101,138 $113,616 $126,092 $138,568 $118,742

4.6.2 Without -project Landside Transportation Costs

Without-project landside transportation costs are calculated based on the trucking costs from the
cargobs origin or destination in t Saanior t of
Trucking costs associated with transportangGft shipping container from the port of entry to

the landside hinterland were estimated by surveying regional trucking companies. Costs,
including fuel service rates, were obtained from five trucking companies for transporting a
container from the pts of Wilmington, Norfolk, Charleston, and Savannah to a selection of

cities in the region and further into the hinterland. Surveyed trucking quotes were aggregated and
analyzed in Excel to calculate distribution functions for total costs, includingdnéts costs.

The quotes were assessed for round trips from all ports to all destinations.

A linear regression equation was developed from the survey information, which is used in this
analysis to determine the trucking cost based on mileage travele. dfimization was set to
preserve total travel time rather than total travel distance. Output values for travel distance, time,
and route path GIS line geometry were generated. It is assumed that the return trip distance from
the destination city to thport is the same as the distance traveled from the port to the city.

Graphical analysis of trucking quotes as depicted in Figi2and4-3 reveals an initial cost of
$70.13 (FY 2017 dollars) to initiate a trip and an expected decrease in trip fat@cutased
distance traveled. The FY 2017 costs are updated to BY @fksts using the Producer Price
Index for General Freight Trucking, Lotgjstance Truckload generated the Federal Reserve
Bank of St. Louig?

2 Average PPI for FY17 = 124.6; Average PPI for FY19 = 140.9; Update factor = 1.131

Integrated Main Report i February 2020 Page 126



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

4000

3500

3000

2500

2000

Dollars

1500

3.5

25

Dollars per mile

15

1

y=1.6634x+70.128

R?=0.9651
TR
e o ] L4
° s 0
ofe
s 3
°

. ‘.3
.’l‘d.

100 200 300 400 500 600 700 800 S00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

Miles
Figure 4-2
Trucking Costs by Miles  Driven
L
y =3.0336x0083
R?2=0.1368
o0
¢ [ ]
s
e o g L °
® — .. oo :
o Uy s .8 ° 8 8 :, o ¢ °s o
PR TR

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

Miles

Figure 4-3
Trucking Rates (dollars per mile) by Miles Driven

Integrated Main Report i February 2020

Page 127



Wilmington Harbor , North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Without-project landside cost$ o r Wi |l mingtonos hinterl and C Ol
calculated for Savannah as the alternative port in thedzsse Calculation ar@so performed

for a sensitivity analysis using Savannah as the alternative port for imports and Charleston as the
alternative port for exports. Weighted average trucking costs per TEU and weighted average
trucking costs per truck haul are presented ibl@4-10. The values in Tablé-10 are weighted

by the number of TEUs and number of trips from each origin and destination for cargo in the
Wilmington hinterland Asia containerized cargo forecast. Trucking costs are calculated for each

year of the 56/ear planning period and arkeld constant at 2045 levels from 20453076

because the commodity forecast is held constant during the same time period, although
discounting continues for the full 50 yearBable4-11 presents trucking costs for selected years

Table 4-10
Round Trip Trucking Costs
Cost Metric Savannah Savannah/Charleston
Weighted Average $/TEU $683.91 $ 600.03
Weighted Average $/Truck Haul $1,265.23 $1,110.06
Table 4-11

Port of Wil mingtonds Hinter |l andru&kiognQossi ner i z e
(Thousands of FY20 Dollars)

2025 2030 2035 2040 2045 AAEQ

Savannah $105,323 $130,546  $147,701 $167,110 $189,069 $172,030

Savannah/Charleston  $91,750 $113,471 $128,382 $145,253 $164,340 $155,260

Tot al origin to destination transportation coc
cargo includes water borne costs (Tabkle) and landside costs (Tablé-11). Total
transportation costs are presented in Tdkl@ for the basecase (Savannads alternate port for

all cargo) and in Tabld-13 for the sensitivity analysis (Savannah as alternative port for imports

and Charleston as the alternative port for exports).

Table 4-12
Port of Wilmingtonds Hinterl and Cspantdatieni ner i z e
Costs: Savannah as Alternate Port (Thousands of FY20 Dollars)

2025 2030 2035 2040 2045 AAEQ
Waterborne $84,687  $101,667 $114,209 $126,749 $139,291  $119,361
Landside $105,323 $130,546  $147,701 $167,110 $189,069 $172,030

Total $190,010 $232,213 $261,910 $293,859 $328,360 $291,391
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Table 4-13
Port of Wil mingtonds Hinterland Containeri ze:f
Costs: Savannah as Alternate Port for Imports and Charleston as Alternate Port
for Exports (Thousands of FY20 Dollars)

2025 2030 2035 2040 2045 AAEQ
Waterborne $84,247  $101,138 $113,616 $126,092 $138,568 $118,742
Landside $91,750  $113,471 $128,382 $145,253  $164,340 $155,260
Total $175,997  $214,609 $241,998 $271,345 $302,908 $247,002

4.7  Without -Project Environmental Conditions

4.7.1 Geology, Soils, and Sediments

Under withoutproject conditions, continuing maintenance of the currently authorized
Wilmington Harbor Project would not be expected to affect geologic, soil, or sediment
conditions within the study ea.

4.7.2 Shoreline Erosion

Under without-project conditions maintenance of the currently authorized federal navigation
channel and associated beach disposal practices would continue in accordance with current
practices. Therefore, it is expected that erosiooaditions along the shorelines of Bald Head
Island and Oak Island would remain similar to existing conditions. Depending on the rate of sea
level rise, background erosion rates along the shorelines of both islands would be expected to
gradually increas. Shipping activity in the harbor would be expected to remain the same or
decrease due to the inability to accommodate larger vessels; therefore, no significant changes in
estuarine shoreline erosional conditions would be expected.

4.7.3 Hydrogeology

As descibed in the Groundwater Modelirggction of Appendix A: Engineerinthe USGS's
MODFLOW hydrologic model was used to evaluate the potential effects of sea level rise and
harbor deepening on local groundwater flow and the regional freshwater aquifer system.
Baseline modeling results indicate that @epe Fear Riveserves primarily as a discharge area

for the surficial, Castle Hayne, and Peedee aquifers; thus indicating limited potential for lateral
movements of saline river water into the aquifer systelowever, baseline modeling identified
localized areas near ti@gape Fear Riverhannel where pumping has lowered groundwater heads
below sea level, indicating the potential for salinity intrusion via downward migration of surface
water into the groundwatesystem. The identified areas are associated with industrial and
municipal water supply well fields; including those operated by the Capital Power Corporation in
Southport, the Carolina Beach and Kure Beach, Bald Head Island, and the Invista Corporation
near Lake Sutton. The principal focus of the modeling effort was to investigate any changes in
the aquifer to river discharge relationship and/or groundwater pumping patterns that could
increase the potential for salinity intrusion. Groundwater simulgatior both the No Action
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Alternative and €ntatively SelectedPlan (TSP)were run under the high (RSLR3) sea level
change scenario.

Under without-project conditions the model results indicate that the effects of RSLR on
groundwater flow and dischargeatferns would be negligible. Furthermore, the model results
indicate that the increase in river surface water levels under the RSLR3 scenario would not
increase the potential for salinity intrusionto groundwatervia downward surface water
migration.

4.7.4 Surface Water Hydrology - Water Levels, Tides, and Currents

The Delft 3D hydrodynamic modelvasused to evaluate the effects of without and ypitbject
conditions on water levels armirrentspeedsundervarious flow conditions (low, typical, and
high) and RSLRscenarioglow, intermediate, and high)Water level and current velocity data
were extracted from the model results for a series of data Ipoations along the longitudinal
axis of the estuarfFigure4-4).
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Figure 4-4
Hydrodynamic Model Data Extraction Points
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