Figure Eight Island Shoreline Management Project FEIS

Chapter 1 INTRODUCTION
1. What is the purpose of this Environmental Impact Statement?

The purpose of this final environmental impact statement (EIS) is to assist in decision making —
“to help public officials make decisions that are based on understanding of environmental
consequences, and take actions that protect, restore, and enhance the environment (43 CFR
Section 1500.1, CEQ Regulations). The EIS will insure that the policies and goals defined in the
National Environmental Policy Act (NEPA) are adequately addressed in the U.S. Army Corps of
Engineers (USACE) permit evaluation process. It will provide full and fair discussion of
significant environmental impacts and shall inform decision makers and the public of the
reasonable alternatives which would avoid or minimize adverse impacts or enhance the quality
of the human environment.

NEPA is a United States environmental law created in 1969 that established a U.S. national
policy promoting the enhancement of the environment and also established the President's
Council on Environmental Quality (CEQ). NEPA ensures that relevant environmental
information is available to public officials and citizens before decisions are made and actions are
taken. The Act requires federal agencies to conduct an EIS for major actions that could have
significant impacts on the quality of the human environment. Under NEPA, “environment”
includes the natural and physical environment (such as air, water, geography, geology) as well as
people’s relationship with the environment (such as health, safety, jobs, schools, housing, and
aesthetics). An EIS looks at both short-term and long-term effects and considers possible
mitigation measures, if needed.

This EIS document has also been developed in accordance with the requirements of the State
Clearinghouse review process under the North Carolina Environmental Policy Act (NCEPA,
G.S. 113A-1). Upon the development and submittal of the Final EIS, additional filing under the
NC EPA will not be required.

Each alternative presented in this document will be evaluated for its ability to satisfy the stated
project goals and objectives, as well as the environmental, economic, and social consequences
associated with each alternative. This evaluation process will help lead to the selection of the
“least environmentally damaging practicable alternative” (LEDPA) that meets the project needs
and objectives while resulting in minimal negative environmental impacts.

2. What is the NEPA EIS process and how does it relate to Figure “8” Beach Homeowners
Association's proposed project?

This EIS will be prepared in a series of steps: gathering government and public comments to
define the issues that should be analyzed in the EIS (a process known as “scoping’”); gathering
available data, preparing the draft EIS document and releasing it to the public requesting
feedback; receiving and responding to public comments on the draft EIS; and preparing the
subsequent final EIS. Decisions are not made in an EIS document; rather, the EIS primarily
serves as an assessment of various project alternatives and their respective effects on the
environment. Furthermore, the document is utilized to help evaluate and determine which of the
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project options is the LEDPA and meets the applicant’s purpose and needs. This final evaluation
will be made in the Record of Decision (ROD). The following describes the general concepts in
the NEPA EIS process, which was used in evaluating Figure "8" Beach Homeowners
Association proposed project:

Scoping

Scoping is the process of identifying the key issues as they Appendix A, Subpart 1:
pertain to the proposed action. The USACE began the scoping Scoping Meeting and PDT
process for this EIS by publishing a Notice of Intent (NOI) in Meeting Minutes

the Federal Register to let the public know that it is

considering an action and will prepare an EIS. During the JllSiappendix includesitig

minutes from the initial

scoping period, the public can provide comments on the scoping meeting and
proposed action, alternatives, issues, and environmental subsequent PDT meetings. A
impacts to be analyzed in the EIS. Scoping may involve public  list of meeting attendees is
meetings and other means to obtain public comments on the included.

EIS.

Draft EIS

During scoping, information is collected and used for the preparation of a draft EIS. The draft
EIS presents, analyzes, and compares the potential environmental impacts for the proposed
action and alternatives and their implementation, and provides additional information on the
methodologies and assumptions used for the analyses. A Notice of Availability (NOA) is
published in the Federal Register announcing the release of the draft EIS for public review and
comment. The NOA begins a 45-day comment period. Public comments on the draft EIS are
considered in the preparation of the final EIS.

Supplemental EIS

After the release of the draft EIS, it was determined that a Supplemental EIS be prepared to
allow the prospect for additional scoping and to provide the public further opportunity to review
the components of the document. This document included two additional terminal groin
alternatives that were considered minor deviations from the DEIS terminal groin alternative.

Final EIS

After the draft EIS commenting period is completed and through continuing scoping, a final EIS
is prepared, published in the Federal Register, and released for any additional comments. All
comments received during the commenting period will be addressed where applicable to prepare
the final EIS.

Record of Decision

After the final EIS is published, a minimum 30-day waiting period is required before a ROD can
be issued. The ROD notifies the public of the decision made on the proposed action and presents
the reasons for that decision. The decision-making process may include consideration of the
public interest factors, compliance with the Section 404(b)1 Guidelines and related Federal laws,
and other considerations such as cost, logistics, existing technologies, technical feasibility,
agency statutory missions, and national objectives, as well as the potential environmental
impacts of an action(s).
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3. How has the public been involved?

In accordance with NEPA and State Environmental Policy Act (SEPA) requirements, an early
and open public forum process, identified as “scoping”, was initiated to identify significant
issues related to the proposed action and establish an appropriate scope of work for addressing
those issues in the EIS document.

In order to engage the general public, including residents of Figure Eight Island and all
stakeholders, a NOI was issued and published in the Federal Register (Volume 72, Number 31)
on February 26, 2007. This Notice of Intent served to inform the public of the “intent to prepare
a Draft Environmental Impact Statement (EIS) for the development of an inlet management plan
that includes the repositioning and realignment of the main ebb channel of Rich Inlet and to use
the material to nourish Figure Eight Island, north of Wilmington, New Hanover County, NC”.
The NOI provided the project description and described the proposed action, potential impacts,
project alternatives, and the scoping process. Along with this issuance, a Public Notice (PN)
containing similar information was released by the USACE on February 22, 2007. As
announced in the NOI and PN, the initial scoping meeting was held at Eaton Elementary School,
located at 6701 Gordon Road, Wilmington, NC, on March 1, 2007. For the DEIS, the Notice of
Availability (NOA) was filed with U.S. Environmental Protection Agency (EPA) via e-NEPA on
May 16, 2012. The NOA was subsequently published in the Federal Register (Volume 77,
Number 97) on May 18, 2012. A local Public Notice was issued on May 18, 2012 announcing
the release of the Draft EIS and a scheduled Public Hearing, as well as requesting public
comments. An amended local Public Notice was issued on May 30, 2012 that extended the
public commenting period until July 6, 2012, totaling the commenting period at 49 days. On
June 7, 2012, a Public Hearing was held at Ogden Elementary School in Wilmington, North
Carolina. For the SEIS, the NOA was filed with US EPA via e-NEPA on July 1, 2015, and the
NOA was published in the Federal Register (Volume 80, Number 132) on July 10, 2015. The
local Public Notice for the release of the NOA was issued on July 9, 2015 with a commenting
deadline set for August 24, 2015. An amended Public Notice was issued on July 31, 2015
announcing a Public Hearing and the extension of the commenting deadline to September 14,
2015, totaling the commenting period at 67 days. The Public Hearing was held at Ogden
Elementary School in Wilmington, North Carolina on September 2, 2015.

In a continual effort to include the public, State and Federal agencies, and all interested
stakeholders in the process, a Project Delivery Team (PDT) was assembled. The PDT members
were individually asked to: 1) provide input for the development of the EIS, 2) keep the public
informed of project development, 3) discuss project-related concerns, and 4) to identify natural
resources in the Permit Area. The PDT is comprised of a broad-based team of individuals who
represent the following interests: local, state and federal government officials; business and
property owners; non-governmental organizations; as well as the project design team (Table 1.1).
PDT meetings were held on May 7, 2007, September 18, 2007, June 10, 2008, March 19, 2008,
May 20, 2009, and August 11, 2010. See Appendix A, Subpart 1 for meeting minutes.
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Table 1.1. Figure Eight Island Inlet and Shoreline Management Project PDT Members at the Time the DEIS

was being Prepared

NAME AFFILIATION E-MAIL ADDRESS
David Kellam Figure 8 HOA dkellam@bizec.rr.com
Bill Raney Figure 8 HOA waraney@bellsouth.net
Tom Jarrett CPE james.jarrett@shawgrp.com
Dawn York CPE dyork@coastalplanning.net
Brad Rosov CPE brad.rosov@shawgrp.com
Ken Willson CPE kenneth.willson@shawgrp.com
Bill Cleary UNCW wcleary@charter.net
David Webster UNCW webste@uncw.edu
Mickey Sugg USACE mickey.t.sugg@usace.army.mil
Brad Shaver USACE brad.e.shaver@usace.army.mil
Greg Williams USACE greg.williams@usace.army.mil
David Ward Hutaff Island dlw@wardandsmith.com
David Rabon USFWS david_rabon@fws.gov
Howard Hall USFWS howard_hall@fws.gov
Becky Fox EPA fox.rebecca@epa.gov
Ron Sechler NMFS ron.sechler@noaa.gov
Jim Gregson NCDCM jim.gregson@ncmail.net
Robb Mair NCDCM robb.mair@ncmail.net
Doug Huggett NCDCM doug.huggett@ncmail.net
Noelle Lutheran NCDWQ noelle.lutheran@ncmail.net
Fritz Rohde NCDMF fritz.rohde@ncmail.net
Mike Street NCDMF mike.street@ncmail.net
Matthew Godfrey NCWRC godfreym@coastalnet.com
Steve Everhart NCWRC & DCM steve.everhart@ncmail.net
Susan Cameron NCWRC camerons@coastalnet.com
Todd Miller NCCF toddm@nccoast.org
Mike Giles NCCF capefearcoastkeeper@nccoast.org
Michelle Duval Environmental Defense mduval@environmentaldefense.org
Harry Simmons NCBIWA ncsbpa@mindspring.com

Gary McSmith

New Hanover County

gmcsmith@nhcsgov.com

Dave Weaver

New Hanover County

dweaver@nhcsgov.com

Tom Walker USACE william.t.walker@usace.army.mil
Molly Ellwood NCWRC molly.ellwood.ncwildlife.org
Walker Golder Audubon Society wgolder@audubon.org

Jack Spruill Pender Watch jspruill@aol.com

Don Ellson Pender Watch ellsond@bellsouth.net
Steve Underwood NCDCM steve.underwood@ncmail.net
Scott Geis NCDCM scott.geis@ncdenr.gov
Frank Gorham Figure 8 HOA frank.gorham@prodigy.net

Margo O’Mahoney Figure 8 HOA momahoney@bizec.rr.com
Chris Gibson GBA clgibson@gba-inc.com
Ben Andrea Pender County bandrea@pendercountync.gov
Ken Vafier Pender County kvafier@pendercountync.gov
Patrick Davenport Pender County davenportp@pender-couny.com
Jessi O’Neal NCDMF Jessi.oneal@ncddenr.gov
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Sara Hagedorn Environmental Defense Fund sara.hagedorn@edf.org
Bob Parr Middle Sound Lookout rparr@ec.rr.com
Jim lannucci New Hanover County jiannucci@nchgov.com
Paula and Jim
Bushhardt NE New Hanover Conservancy bushhardt@bellsouth.net

4. How have government agencies been involved?

Participation in the EIS process by Federal, State, and local government agencies and other
interested organizations and persons has been encouraged. The USACE has requested initiation
of consultation with the U.S. Fish and Wildlife Service (USFWS) under the Endangered Species
Act and the Fish and Wildlife Coordination Act; with the National Marine Fisheries Service
(NMFS) under the Magnuson-Stevens Act and Endangered Species Act; and with the North
Carolina State Historic Preservation Office (NCSHPO) under the National Historic Preservation
Act. Specifically, the USACE has requested formal consultation with the USFWS and NMFS
Protected Resources Division regarding species listed under the Endangered Species Act (ESA)
via the development of a Biological Assessment (BA). Essential Fish Habitat consultation,
pursuant to the Magnuson-Stevens Act, with NMFS Habitat Conservation Division has been
initiated and completed (see letter in Appendix A, Sub-Part 2). Additionally, because this EIS
assesses the potential water quality impacts pursuant to Section 401 of the Clean Water Act,
coordination efforts are being made with the North Carolina Division of Water Resources
(DWR), and a DWR Section 410 water quality certification is required. Furthermore, the
USACE has worked closely with the North Carolina Division of Coastal Management (DCM)
through the development of this EIS to ensure the process complies with all State Environmental
Policy Act (SEPA) requirements and to determine consistency with the Coastal Zone
Management Act (CZMA).

As stated above, representatives of the relevant Federal agencies have been involved in the
scoping meeting and the subsequent PDT meetings. Their input has been integrated into this EIS
document.

5. What is the Figure Eight Island Shoreline Management Project and where is it located?

The Figure "8" Beach Homeowners Association (Figure "8" Beach HOA) is seeking Federal and
State permits to allow development of a management plan for Rich Inlet that would mitigate
chronic erosion on the northern portion of Figure Eight Island to preserve the integrity of its
infrastructure, provide protection to existing development, and ensure the continued use of the
oceanfront beach along the northernmost three miles of its oceanfront shoreline.

Figure Eight Island is located in northeastern New Hanover County. It is an unincorporated
privately developed residential barrier island with 563 platted lots including 489 developed lots
and 74 undeveloped lots. Eight (8) of these undeveloped lots do not currently meet the building
setbacks rules (O’Mahoney, pers. comm.). The island is bordered to the south by Mason Inlet
and Wrightsville Beach and to the north by Rich Inlet and Hutaff Island, an undeveloped,
privately-owned island (Figure 1.1). Hutaff Island is one of the few remaining undeveloped and
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vehicle-free barrier islands on the North Carolina coast. It is among the largest near-pristine
barrier island and salt marsh systems in the region.

Figure Eight Island covers approximately 1,300 acres, is approximately 5.0 mi long and
approximately 0.4 mi wide. The proposed project is located along the oceanfront shoreline on
the northeast end of the island, and within Nixon Channel and Rich Inlet.

Chronic erosion problems along the northern sections of Figure Eight Island have been directly
linked to changes in the orientation and position of the main ebb channel through Rich Inlet
(Cleary & Hosier, 1990; Cleary, 2001; Cleary & Knierim, 2006; Cleary & Jackson, 2004).
When the main ebb channel of the inlet is oriented toward the southeast or in the direction of
Figure Eight Island, and positioned close to the north end of the island, the shoreline
immediately south of the inlet tends to accrete. The accretion is associated with the wave
sheltering (“breakwater effect”) provided by the south side of the ebb tide delta, which also
moves with the channel. During periods when the main bar channel migrates to the north toward
Hutaff Island and is oriented in a northeasterly direction, the north end of Figure Eight Island
erodes. The northward movement of the main ebb channel is accompanied by the northward
shift of the south side of the ebb tide delta away from the north end of Figure Eight Island, thus
removing the protection afforded by the south side of the ebb tide delta.

In addition to erosion issues along the ocean shoreline south of Rich Inlet, erosion is also
prevalent along 426 m (1,400 ft) of the Nixon Channel shoreline extending from Rich Inlet
northwest to the entrance to Nixon Creek. Between 1993 and 2005, the average rate of shoreline
change along this segment of the Nixon Channel shoreline was -8.3 ft per year. The erosion of
the Nixon Channel shoreline is associated with the proximity of the main flow channel to the
shoreline.

To alleviate these problems attributed to erosion, several What is a Terminal Groin?
alternatives have been evaluated. Initially, relocation of the
main channel within Rich Inlet was determined to be the A shoreline protection

structure that reduces beach
erosion by temporarily
trapping sand before it

Applicant’s Preferred Alternative, as noted in the NOI and PN.
This was prior to the passage of SB110 on June 28, 2011,

which allowed for the construction of four terminal groins in reaches the inlet. Once the
North Carolina. Since that time, the Applicant’s Preferred sand forms an “accretion
Alternative, which has been modified since the release of the fillet” to protect the shoreline,

sand continues its normal
flow by moving over, thru or
around the structure.

Draft EIS, includes the construction of a terminal groin 154 m
(505 ft) in length with a 303 m (995 ft) shore anchorage section
to protect against possible flanking of the landward end of the
structure. This structure is intended to control tidal current-
induced shoreline changes immediately south of Rich Inlet. In addition to the construction of the
terminal groin, several areas of the shoreline would be nourished with material excavated from
the previously permitted area within Nixon Channel and from upland dredge disposal sites
located in proximity to the AIWW behind Figure Eight Island (pending approval of all
landowners and receipt of a USACE consent for placement). Beach fill would be placed along
426 m (1,400 ft) of the Nixon Channel shoreline just south of Rich Inlet. In addition, material
will be used to nourish 1,372 m (4,500 ft) of ocean shoreline extending from Rich Inlet south to
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322 Beach Road North (Figure 1.1). The existing navigation feature in Nixon Channel would be
maintained to its permitted depth of -2.7 m (-9 ft) MLW [or -3.5 m (-11.4 ft) NAVD] and
permitted widths. Periodic nourishment of the beach fill would be accomplished in conjunction
with continued maintenance of the previously permitted area in Nixon Channel.

As noted above, the Applicant’s Preferred Alternative was modified from the initial project
involving the relocation of Rich Inlet combined with beach nourishment to the alternative
incorporating a terminal groin with associated beach nourishment. The passage of SB110
precipitated the exploration of a project involving a terminal groin. While the Figure "8" Beach
HOA states that the inlet relocation project meets its purpose and needs, they have determined
that the terminal groin alternative would result in an improved project in terms of economic
benefits and reduced environmental impacts.
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Figure 1.1. Figure Eight Island Inlet and Shoreline Management Project Location Map
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6. What issues were identified as part of scoping?

During scoping (through public meetings and written Appendix A, Subpart 2:
comments), several issues were identified in association with Pertinent Correspondences
the proposed project, including: funding concerns, impacts to _ -
environmental resources within the inlet complex, sand quality = TNis appendixincludes

and compatibility, concerns with the use of a terminal groin,

various emails and letters
submitted by agencies,

impacts to the bird resources within the inlet, and the obtaining = stakeholders, and the general
of an easement for the construction of a terminal groin. public regarding relevant
Summaries of the public scoping meetings and PDT meetings information pertaining to the

held to date are listed below. Minutes to the PDT meetings

project.

can be found in Appendix A, Subpart 1. Additional written

correspondence has been provided in Appendix A- Subpart 2 (Pertinent Correspondences). The
transcripts of the two Public Hearings (June 7, 2012 and September 12, 2015) may be accessed

by visiting: http://www.saw.usace.army.mil/Missions/RegulatoryPermitProgram/MajorProjects

The March 1, 2007 Public Scoping Meeting convened on March 1, 2007 at Eaton Elementary
School in Wilmington, NC. The scoping meeting was designed to solicit comments from the
public, Federal, State and local agencies and officials, and other interested parties to identify
issues to be addressed in the EIS document. Attendees included local residents, resource
agencies, and representatives of the Figure "8" Beach HOA, and Coastal Planning &
Engineering, Inc. (CPE). Concerns expressed from the attendees are documented in
Appendix A — Subpart 1.

The May 7, 2007 PDT Meeting included the following: a presentation by CPE-NC coastal
engineer Tom Jarrett regarding an overview of past nourishment projects on Figure Eight
Island, a presentation by UNCW’s Dr. William Cleary regarding the effects of Rich Inlet on
adjacent shorelines, an update by CPE-NC geologist Ken Willson on geotechnical
investigations, and a presentation by CPE-NC coastal biologist Dawn York regarding
baseline biological resource investigations. The meeting format allowed for open discussions
during and after the presentation.

The September 18, 2007 PDT Meeting included a presentation by CPE coastal engineer
Chris Day regarding Delft3D modeling results on the project alternatives. Discussions
included the newly developed State Sediment Criteria and the need for hardbottom
investigations. The meeting format allowed for open discussions during and after the
presentation.

The March 19, 2008 PDT Meeting included a presentation by UNCW?’s Dr. Bill Cleary on
updated findings on shoreline change for Figure Eight and Hutaff Islands, and estuarine
shoreline change for Nixon and Green Channels between 1938 and 2007. CPE-NC coastal
biologist Dawn York presented the baseline environmental data collected to date including
salt marsh, submerged aquatic vegetation (SAV), shellfish and bird and turtle nesting areas.
The meeting format allowed for open discussions during and after the presentation.
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e The June 10, 2008 PDT Meeting included in depth discussions regarding the details of each
project alternative. This was followed by a presentation by CPE coastal engineer Chris Day
focusing on the engineering analysis performed for the Applicant’s Preferred Alternative.
Mickey Sugg of the USACE provided an overview of the NEPA process and the format of an
EIS. The meeting format allowed for open discussions during and after the presentation.

e The May 20, 2009 PDT Meeting included a presentation by CPE-NC marine scientist Brad
Rosov regarding the updated biological resource investigations which provide baseline
conditions for the EIS. This presentation included information provided by UNCW’s Dr.
David Webster. CPE-NC coastal engineer Tom Jarrett presented modeling results for project
alternatives including the terminal groin options. The meeting format allowed for open
discussions during and after the presentation.

e The August 11, 2010 PDT Meeting included a presentation by CPE-NC coastal engineer
Tom Jarrett regarding the updated Delft3D modeling results regarding project alternatives.
Information regarding anticipated beach fill performance and shoreline change analysis was
included in the presentation. The meeting format allowed for open discussions during and
after the presentation.

e The June 7, 2012 Public Hearing, held at Ogden Elementary School in Wilmington, NC,
included a presentation by the USACE Colonel Steven Baker regarding the role of the
USACE in the public hearing process. USACE Project Manager Mickey Sugg provided an
overview of the NEPA process and how it applies to the project. CPE-NC coastal engineer
Tom Jarrett presented a summary of the contents of the Draft EIS which included the details
of the project alternatives. Following the presentations, the floor was opened up to the
general public to make comments on the proposed project.

e The September 2, 2015 Public Hearing, held at Ogden Elementary School in Wilmington,
NC included a presentation by the USACE Colonel Kevin Landers regarding the regulatory
process and discussed the public commenting procedures. USACE Regulatory Chief Scott
McLendon and USACE Program Manager then provided a presentation regarding the status
of this project within the NEPA process. CPE-NC coastal engineer then presented a
summary of the contents of the SEIS. Following the presentations, a public commenting
session commenced.

7. What laws are involved?

The following section includes a description of applicable Federal and State laws associated with
the Figure Eight Island Inlet and Shoreline Management Project. This EIS document has been
prepared to satisfy both the National Environmental Policy Act (NEPA) and the North Carolina
State Environmental Policy Act (SEPA) requirements in accordance with State and Federal law.

National Environmental Policy Act of 1969.

The National Environmental Policy Act (42 U.S.C. 4321; 40 C.F.R. 1500.1) includes six
fundamental objectives that have been developed since its enactment in 1970. These objectives

10
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include: supplemental legal authority; procedural reform; disclosure of environmental
information; resolution of environmental problems; foster intergovernmental coordination and
cooperation; enhance public participation in governmental planning and decision making (Bass
et al., 2001). A NEPA document is required when a project includes Federal action including
the need for Federal permits, the use of Federal funding, or if the action is to take place on
Federal lands.

Section 10 of the Rivers and Harbors Act of 1899.

Pursuant to Section 10 of the Rivers and Harbors Act of 1899, certain structures or work in or
affecting navigable waters of the US will be regulated under the purview of U.S. Army Corps of
Engineers (33CFR 322.1). The Act states that “it shall not be lawful to excavate or fill.....alter
or modify the course, location, condition, or capacity of, any port roadstead, haven, harbor,
canal, lake, harbor of refuge, or enclosure within the limits of any breakwater, or of the channel
of any navigable water of the United States unless the work has been recommended by the Chief
of Engineers and authorized by the Secretary of War....” (USACE, 2006). The geographic
jurisdiction of the Rivers and Harbors Act includes all navigable waters of the United States
which are defined (33 CFR Part 329) as, "those waters that are subject to the ebb and flow of the
tide and/or are presently used, or have been used in the past, or may be susceptible to use to
transport interstate or foreign commerce.” This jurisdiction extends seaward to include all ocean
waters within a zone three nautical miles from the coastline (the "territorial seas").

Clean Water Act of 1972.

Section 404 of the Clean Water Act established a permit program under the purview of the U.S.
Army Corps of Engineers, to regulate the discharge of dredged and fill material into waters of
the U.S., including wetlands. These waters consisting of, but not limited to, “all waters which
are currently used or were used in the past, or may be susceptible to use in interstate or foreign
commerce, including all waters which are subject to the ebb and flow of the tide” (33CFR
328.3(a)(1)). This program is jointly administered by the Environmental Protection Agency and
the U.S. Army Corps of Engineers (USEPA, 2006).

Section 401 of the Clean Water Act includes the delegation of Federal authority to the State of
North Carolina to issue a 401 Water Quality Certification. The 401 Water Quality Certification
is applicable to all projects that require a Federal permit (i.e., Section 404 Permit) for discharge
of dredge material into waters and wetlands of the U.S. The 401 Water Quality Certification
Program is administered by the North Carolina Division of Water Quality to prevent the
degradation of waters in the State and to prevent any violations of the State water quality
standards.

Endangered Species Act of 1973.
The Endangered Species Act of 1973 (ESA) was signed on December 28, 1973, and provides for
the conservation of species that are endangered or threatened throughout all or a significant

portion of their range, and the conservation of the ecosystems on which they depend. The ESA
replaced the Endangered Species Conservation Act of 1969; it has been amended several times.

11
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The lead Federal agencies for implementing ESA are the U.S. Fish and Wildlife Service
(USFWS) and the U.S. National Oceanic and Atmospheric Administration (NOAA) Fisheries
Service. The USFWS maintains a worldwide list of endangered species. Species include birds,
insects, fish, reptiles, mammals, crustaceans, flowers, grasses, and trees. Coordination with the
USFWS and NOAA National Marine Fisheries Service (NMFS) includes consultation under
Section 7 of the Endangered Species Act of 1973, as amended.

Marine Mammal Protection Act of 1972

The Marine Mammal Protection Act affords protection to species that are morphologically
adapted, or primarily inhabit the marine environment, such as species in the taxonomic orders of
Sirenia, Pinnipedia, and Cetacea. Permits for incidental take are overseen by the Secretaries of
the USFWS and NOAA. The Act establishes the importance of these species to the environment
and defines their nexus to interstate commerce. Under the Act marine mammal populations
should not be permitted to diminish beyond the point at which they cease to be a significant
functioning element in the ecosystem of which they are a part. Furthermore, they should not be
permitted to diminish below their optimum sustainable population. The Act, requires effort be
made to protect essential habitats, including the rookeries, mating grounds, and areas of similar
significance for each species of marine mammal from the adverse effect of man' s actions.

National Historic Preservation Act of 1966.

The National Historic Preservation Act is legislation intended to preserve historical and
archaeological sites in the United States of America. The act created the National Register of
Historic Places, the list of National Historic Landmarks, and the State Historic Preservation
Offices.

Senate Bill 3035, the National Historic Preservation Act, was signed into law on October 15,
1966. Several amendments have been made since. Among other things, the act requires Federal
agencies to evaluate the impact of all Federally funded or permitted projects on historic
properties (buildings, archaeological sites, etc.) through a process known as Section 106 Review.

Archival research, field work and coordination with the North Carolina State Historic
Preservation Officer (SHPO), have been conducted in accordance with the National Historic
Preservation Act of 1966 (Public Law 89-665), the National Environmental Policy Act of 1969
(Public Law 11-190), Executive Order 11593, the Advisory Council on Historic Preservation
Procedures for the protection of historic and cultural properties (36 CFR Part 800) and the
updated guidelines described in 36 CFR 64 and 36 CFR 66.

The North Carolina Office of State Archaeology (OSA) protects endangered archaeological sites
on private or public lands through enforcement of the North Carolina Archaeological Resources
Protection Act (G.S. 70, article 2), the North Carolina Archaeological Records Program (G.S. 70,
article 4), and the “Abandoned Shipwreck Law” (G.S. 121, article 3).

Magnuson-Stevens Fishery Conservation and Management Act of 1996.
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The Magnuson Fishery Conservation and Management Act of 1976, amended Magnuson-
Stevens Fishery Conservation and Management Act (MSFCMA) in October 1996 and also
referred to as the Sustainable Fisheries Act, was enacted by the U.S. Congress to protect marine
fish stocks and their habitat, prevent and stop overfishing and minimize bycatch. Congress
defined Essential Fish Habitat (EFH) as "those waters and substrate necessary to fish for
spawning, breeding, feeding or growth to maturity.” The MSFCMA requires that EFH be
identified for all fish species Federally managed by the Fishery Management Councils and the
National Marine Fisheries Service (NMFS).

Fish and Wildlife Coordination Act of 1958.

The Fish and Wildlife Coordination Act of 1958, as amended, mandates that Federal and State
agencies cooperate “to protect, rear, stock, and increase the supply of game and fur-bearing
animals....[and] study the effects of domestic sewage, trade wastes, and other polluting
substances on wildlife.” The Act also requires consultation with the Bureau of Fisheries, Fish
and Wildlife Service and State fish and wildlife agencies where the “waters of any stream or
other body of water are proposed or authorized, permitted or licensed to be impounded,
diverted...or otherwise controlled or modified” by any agency under a Federal permit or license.
Additional amendments to the Act have “permitted lands valuable to the Migratory Bird
Management Program to be made available to the State agency exercising control over wildlife
resources (USFWS, 2006a).

Coastal Zone Management Act of 1972.

Enacted by Congress in 1972, the Coastal Zone Management Act does not require, but
encourages that each State preserve, protect, restore or enhance natural coastal resources
including; wetlands, floodplains, estuaries, beaches, dunes, barrier islands and coral reefs, as well
as the fish and wildlife that utilize these resources. Since this Act is voluntary, any State that
implements a coastal management program as defined in this Act will receive Federal financial
aid.

The North Carolina Division of Coastal Management has developed and enforces a coastal
management plan with the rules and policies that supports the ideals and concepts of the CZMA.
The North Carolina Division of Coastal Management enforces this Act using the rules and
policies of the Coastal Area Management Act of 1974 (enabled and delegated in 1972; adopted
and implemented in 1974).

North Carolina Environmental Policy Act (As Amended).

The North Carolina (or State) Environmental Policy Act of 1971 (SEPA) requires State agencies
to review and report the environmental effects of all activities that involve an action by a State
agency, an expenditure of public monies or private use of public land, and that may have a
potential negative environmental effect on natural resources, public health and safety, natural
beauty, or historical or cultural elements of the State. This Environmental Impact Statement has
been developed in accordance with the requirements of the State Clearinghouse review process
under the North Carolina Environmental Policy Act, based upon the agreement between the
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North Carolina Division of Coastal Management and the U.S. Army Corps of Engineers. Upon
the development and submittal of the Final EIS, additional filing under the NC EPA will not be
required.

North Carolina Coastal Area Management Act of 1974.

The North Carolina Coastal Area Management Act (CAMA) (8 113A-100) was implemented to
preserve the physical, aesthetic, cultural and recreational values, including the management of
land and water resources in North Carolina's 20 coastal counties. Under CAMA, permits are
necessary for development type projects proposing work in any Areas of Environmental Concern
(AEC) established by the Coastal Resources Commission. An AEC includes areas of natural
importance such as 1) estuarine and ocean systems, 2) ocean hazard system, 3) public water
supplies, and 4) natural and cultural resource areas. Under CAMA, the proposed work cannot
cause significant damage to one or more of the historic, cultural, scientific, environmental or
scenic values or natural systems identified in the AECs listed. In addition, significant cumulative
effects cannot result from a development project (NCDCM, 2003).

North Carolina Dredge and Fill Law.

Under CAMA (8§ 113-229), the North Carolina Division of Coastal Management regulates
projects that involve excavation or filling in any estuarine waters, tidelands, marshlands, or
State-owned lakes. An applicant proposing work in such lands must obtain a permit from both
the North Carolina Department of Environment and Natural Resources and the USACE
(NCDCM, 2006a).

North Carolina Surface Water Quality Standards.

The North Carolina Division of Water Quality Surface Waters and Wetlands Standards (North
Carolina Administrative Code 15A NCAC 02B .0100 & .0200) was implemented for assigning
and regulating water quality standards for waters in the State of North Carolina. The water
column in the Figure Eight Island project area is classified as both SA waters and Outstanding
Resource Waters. Class SA waters are surface waters suitable for shellfishing for market
purposes. Waters designated as Class SA have specific water quality standards that must be met,
as well as the water quality standards assigned to both Class SB and SC waters. Outstanding
Resource Waters (ORW) includes waters of exceptional water quality. Waters designated as
ORW and/or Class SA waters are also classified as High Quality Waters (HQW) (NCDWQ,
2003).

Based on the above classifications, water quality standards applicable to the project area include:
1) “turbidity in the receiving water shall not exceed 25 Nephelometric Turbidity Units (NTU)” 2)
“changes in salinity due to hydrological modifications shall not result in the removal of the
functions of a Primary Nursery Area (PNA)” 3) temperature “shall not be increased above the
natural water temperature by more than 0.8°C (1.44°F) during the months of June, July or August
nor more than 2.2°C (3.96°F) during other months, and in no cases to exceed 32°C due to the
discharge of heated liquids” 4) dissolved oxygen cannot decrease below 5.0 mg/l, except in
“poorly flushed tidally influenced streams or embayments, or estuarine bottom waters” which
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may have decreased values from natural causes and 5) pH levels “shall be normal for the waters
in the area, which generally range between 6.8 and 8.5 except that swamp waters may have a pH
as low as 4.3 if it is the result of natural conditions” (NCDWQ, 2006).

Limitations on Erosion Control Structures, North Carolina General Statute § 113A-115.1.

This law establishes limitations of erosion control structures along the ocean shoreline. The
“ocean shoreline” is defined as “the Atlantic Ocean, the oceanfront beaches, and frontal dunes”.
Furthermore, the term "ocean shoreline™ includes “an ocean inlet and lands adjacent to an ocean
inlet but does not include that portion of any inlet and lands adjacent to the inlet that exhibits
characteristics of estuarine shorelines”. This statute defines such a structure as “breakwater,
bulkhead, groin, jetty, revetment, seawall, or any similar structure”. Terminal groins, or
specifically a groin that is constructed at the end of a littoral cell or on the updrift side of an inlet
to prevent sediment passage into the channel beyond, are included under this statute, as of the
passing of Senate Bill 110. Prior to the passage of Senate Bill 110, such structures were
prohibited in North Carolina. Senate Bill 110 now allows a total of four (4) terminal groins
within the State as long as the applicant meets a suite of requirements. These requirements
include the preparation of an Environmental Impact Statement, proof of financial assurance to
cover post-construction monitoring and mitigation (if warranted), and notification to adjacent
property owners amongst other requirements.
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Chapter 2 PURPOSE AND NEEDS

1. What are the purpose and needs of this project?

The main concern of residents and property owners at Figure Eight Island are economic losses
resulting from damages to structures and their contents due to hurricane and storm activity and
the loss of beachfront land due to the shoreline erosion along portions of the ocean and estuarine
shoreline. Current shoreline management strategies have not been successful in providing the
long-term shoreline protection that the Figure "8" Beach HOA seeks. With a total tax value of
property within the limits of Figure Eight Island of approximately $907,352,900 (based on the
most recent available data reappraisal from 2012), the Figure "8" Beach HOA sees the need for
an improved shoreline protection plan. This valuation includes the assessment of 563 platted lots
including 489 developed lots and 74 undeveloped lots.

The purpose and needs of the Figure Eight Island Inlet and Shoreline Management Project are as
follows:

e Reduce or mitigate erosion along 3.77 km (2.34 mi) of Figure Eight Island oceanfront
shoreline south of Rich Inlet and 427 m (1,400 feet) of backbarrier shoreline on Figure
Eight Island along Nixon Channel;

e Provide reasonable short-term protection to residential structures in response to any
unpredicted shoreline change within the next five years;

e Provide long-term protection to Figure Eight Island homes and infrastructure over the
next 30 years;

e Acquire compatible beach material in compliance with the North Carolina State Sediment
Criteria for shore protection project;

e Maintain navigation conditions within Rich Inlet and Nixon Channel;

e Balance the needs of the human environment with the protection of existing natural
resources;

e Maintain existing recreational resources; and

e Maintain the tax value of the homes and infrastructure on Figure Eight Island.
2. How is the Figure Eight Island shoreline managed today?
During the past several decades, the Figure "8" Beach HOA has had to address erosion problems
associated with Rich and Mason Inlets and the Nixon Channel erosion hot-spot located on the

estuarine side of the island. This erosion on the island was exacerbated by the hurricane activity
in the 1990s.
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Since the mid-1980s, shoreline changes along a 3,000 ft Category 3 and 4 Hurricanes
segment of shoreline at the southern portion of Figure Affecting the North Carolina Coast
Eight Island were in response to the migration of Mason Landfall
Inlet to the south (Cleary and Jackson, 2004). In the fall Name vear Location
and winter of 2001-2002, Mason Inlet was relocated Unnemes || 1e6s || Gerasae
approximately 2,500 ft to the north helping to alleviate Groat

severe erosion on the north end of Wrightsville Beach. Atlantic | 1944 |Cape Hatteras

Hurricane

The estuarine shoreline along the northern portion of the

. 2 . Hazel 1954 | NC/SC Border
island has also undergone significant changes since the

mid-1980s when the Rich Inlet gorge began to migrate to Connie | 1955 | Portsmouth
the northeast from its southwest most position. The lone 1955 | Morehead City
associated migration and deflectl_on of Rich Inlet’s ebb Offshore Outer
channel caused the thalweg to migrate toward the Helene | 1958 Banks
develo_ped (_estuarlne shoreline causing erosion problems. S 1960 | Emeraldigle
The migration of the channel within Rich Inlet, as :
described above, has resulted in both erosion and Diana | 1984 | Cape Fear
accretion on the oceanfront shoreline along the northern . Offshore

. . . . Gloria 1985
portion of the island. A detailed summary of the history Hatteras Island
of Rich_ Inlet f_ol_l(_)wed by_ a summary of sho_reli_ne Emily 1993 |Hatteras Island
E(r;l)(t)t\e,:/:tlon activities on Figure Eight Island is discussed Fran 1996 Cam T

(Hurricane Research Division, 2008).

RICH INLET HISTORY

Dr. William J. Cleary of the University of North Carolina at Wilmington (UNCW) conducted a

detailed geomorphic analysis of Rich Inlet. The geomorphic analysis of the Inlet was conducted
through interpretation of ortho-rectified aerial photographs collected between 1938 and 2007, as
well as corresponding shoreline changes along Figure Eight and Hutaff Islands.

This study indicated that unlike many inlets in the region, Rich Inlet has migrated within a
relatively narrow corridor of approximately 500 m (1,600 ft) from 1938 to present. This relative
stability can likely be attributed to the Inlet’s large tidal prism of 18 x 108 m* (636 x 106 ft®)
(with positive correlation between an inlet’s tidal prism and inlet stability), as well as the
topography of the underlying Oligocene siltstone with Rich Inlet likely occupying an ancestral
location of Futch Creek during a lower stand of sea-level (Cleary, pers. comm.).

Although the relative position of the inlet has been stable over the past century, fluctuations in
orientation of the main ebb-channel have forced subsequent periods of erosion and accretion on
the adjacent shorelines of Figure Eight and Hutaff Islands (Cleary, pers. comm.). Between 1938
and 1993, the main ebb-channel was oriented in a southeasterly direction between azimuths of
approximately 112° to 181° (Figure 2.1). During this period, the Rich Inlet ebb-tide delta was
aligned with the main ebb-channel in a more southerly orientation providing a wave sheltering
effect for the north end of Figure Eight Island. This corresponded to the creation of a one-mile
zone of accretion along the oceanfront shoreline immediately south of Rich Inlet.
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From 1993 to 2000, the ebb-channel shifted to a more northeasterly alignment with a maximum
azimuth of 83° in October 2000 (Figure 2.2). With this shift came a northward migration of the
ebb-tide delta, exposing the north end of Figure Eight Island to wave attack. During this period,
extensive erosion occurred along the northern 1,400 m (4,500 ft) of the island with a maximum
of 150 m (500 ft) of shoreline retreat. Subsequently, during this time period the northward
migration of the ebb-tide delta provided wave sheltering to the south end of Hutaff Island leading
to accretion of the shoreline with a maximum progradation of 120 m (390 ft).

i L R :
Figure 2.1. November 1993 photo of Rich Inlet.
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Figure 2.2. March 1999 photo of Rich Inlet

An ebb-tide delta breach in late 2000 resulted in a deflection of the main ebb-channel to a shore-
normal position, with further southward deflection to an azimuth of 190° in 2003. Since March
2003, the throat segment of the ebb channel reversed its migration direction and shifted to the
southwest toward Figure Eight Island (Cleary, pers. comm.). Since 2004, the general
configuration of the ebb delta has changed slightly while the inlet has widened to its most
expansive dimension since 1956. During the period between 2002 and 2007, erosion was the
norm along the oceanfront shoreline of Figure Eight Island within the inlet hazard area despite
shoreline armoring (sandbags) and the placement of 250,000 cubic yards of beach fill along the
northernmost 6,100 ft of the island in March 2001. Since approximately 2010, the northern end
of Figure Eight Island has experienced accretion leading to a relatively larger oceanfront beach
in comparisons to what was present during the previous erosive periods.

Between October 2010 and January 2015, the ocean bar channel of Rich Inlet began to migrate
to the north and by January 2015 the channel had assumed an alignment essentially
perpendicular to the adjacent shorelines of Figure Eight and Hutaff Islands (Figures 2.3, 2.4 and
2.5). If the channel orientation continues to move to the north, this change is expected to be
followed by a period of renewed erosion on the north end of Figure Eight Island. Based on past
inlet and shoreline history, as documented by Dr. Cleary, it is anticipated that there will be a lag
period between the time the channel attains an alignment toward Hutaff Island and the initiation
of renewed erosion on Figure Eight Island.
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Figure 2.4. January 2013 photo of Rich Inlet (Google Earth).
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iu;'e 2.5. January 2015 photo of Rich Inlet (USACE database).

Dr. William Cleary’s analysis of inlet and shoreline geomorphology has shown that fluctuation
of Rich Inlet’s main ebb-channel can be well correlated to patterns of erosion and accretion

along the adjacent shorelines. When the ebb-channel is deflected to the south, the ebb-tide delta
migrates southward resulting in accretion along the northern portion of Figure Eight Island and
erosion along the southern portion of Hutaff Island. However, severe northward deflection of the
ebb-channel leads to erosion along the northern portion of Figure Eight Island and accretion
along the southern portion of Hutaff Island.

SHORELINE PROTECTION HISTORY

At least 34 shoreline protection projects have occurred along Figure Eight Island since 1977
(Table 2.1). These projects have included beach nourishment events, beach scraping (bulldozing
to form protective berms and dunes), bulkheading, and the installation of sandbags. The material
utilized for the majority of the beach nourishment projects was acquired from the maintenance of
Mason Inlet, Nixon Channel, the Atlantic Intracoastal Waterway (AIWW), and Banks Channel.

Nourishment activities increased during mid to late 1990’s due to changes to the Mason and Rich
Inlet systems and the frequency of storm activity. However, the change in the orientation of
Rich Inlet along with the increased rate of storm activity in the late 1990’s exasperated the
erosion occurring along the northern extremity of the developed oceanfront downdrift of Rich
Inletand the 1,000 ft long developed estuarine shoreline fronting Nixon Channel (Cleary and
Jackson, 2004).

Shoreline change rates along Figure Eight Island north of Bridge Road for the period 1999 to
2007 range from +4.9 feet/year just north of Bridge Road to -99.6 feet/year near the south
shoulder of Rich Inlet. In response to the accelerated erosion rates, the Figure "8" Beach HOA

21



Figure Eight Island Shoreline Management Project FEIS

nourished the area north of Bridge Road six (6) times between 1993 and 2011, with the
cumulative volume of all six (6) fills totaling approximately 1.8 million cubic yards. The
timeframe of these recent events corresponds with the increased erosion rate associated with the
shifting of the ebb tide channel to a more northerly direction. Due to the extremely high erosion
rates just south of Rich Inlet, the beach fills placed in this area did not provide long-lasting
protection and eventually forced the oceanfront property owners on Surf Court, Inlet Hook Road,
and Comber Road to install temporary sandbag revetments. Based on the permit conditions, all
of the temporary sandbag revetments were to be removed by April 2008; however, statewide
legal challenges to the rule have delayed their removal. Since approximately 2010, when the
Rich Inlet channel began to reorient towards the Figure Eight Island side of the inlet, accretion
on the northern end of the island became the norm. Accordingly, shoreline management efforts
including the placement of additional sandbags and beach nourishment projects have not been
needed in this area.

The ineffectiveness of the beach nourishment attempts along the extreme north end of Figure
Eight Island during the cyclical periods of erosion emphasizes the need to address the inlet
related process that impacts the area (Figures 2.6 and 2.7). Without some change in the inlet’s
impact, it is anticipated that future nourishment operations during the cyclical periods of erosion
on the extreme north end of Figure Eight Island will suffer the same fate as the past efforts.
Shoreline management issues south of Bridge Road on Figure Eight Island are being addressed
through actions associated with the maintenance of the Mason Inlet Relocation Project and the
periodic disposal of material removed to maintain the navigation channel in Banks Channel.

In total, the aforementioned shoreline protection projects along Figure Eight Island have placed
well over 4 million cubic yards of material along the oceanfront shoreline along Figure Eight
Island.

Table 2.1. Shoreline Protection Project History on Figure Eight Island

Project Date Type of Project Volume Source Region
. (cy.)
June 1977 Dredge/Fill and 13,000 Banks Channel Mason Inlet
Bulkhead
June 1983 Dredge and 90,000 | Nixon Channeland North End*
Nourishment Rich Inlet
Dredge and Mason Inlet
March 1985 Nourishment 46,300 Connecting Channel South End
Dredge and Mason Inlet and
January 1986 Nourishment 250,000 Banks Channel South End
January 1987 Beach Scraping N/A N/A South End
March 1987 Beach Scraping N/A N/A South End
April 1987 Beach Scraping N/A N/A South End
January 1990 Beach Scraping N/A N/A Island-Wide**
November 1992 Dredge and 343,000 | Banks Channel near South End
Nourishment Mason Inlet
February 1993 Beach Nourishment 274,000 Nixon Channel North End*
December 1994 Beach Scraping N/A N/A Island-Wide**
November 1996 Beach Scraping N/A N/A Island-Wide**
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January 1997 Storm Recovery 250,000 Nixon Channel North End*
. Banks Channel and .
March 1998 Channel Dredging 450,000 Middle Sound Island-Wide**
September 1998 Beach Scraping N/A N/A Middle of Island
Cameron Disposal
March 1999 and Beach Nourishment 785,000 Island and Banks South End
early 2000
Channel
January 2000 Sandbag Placement N/A N/A North End*
March 2000 Beach Scraping N/A N/A North End*
September 2000 Beach Scraping N/A N/A North End*
October 2000 Beach Scraping N/A N/A North End*
November 2000 Beach Scraping N/A N/A North End*
November 2001 Beach Scraping and N/A N/A North and South
Sandbags End
March 2001 Beach Nourishment 350,000 Nixon Channel North End*
Jan.-Feb. 2002 Mason Inlet 390,000 Mason Inlet South End
Relocation
March 2003 Channel Dredging 50,000 Maszrllvsv{/r\lllet & South End
March 2003 Beach Nourishment 30,000 Bank;lc\l/c\a/lynel & South End
February 2005 Dredge Nourishment 183,000 Mason Inlet South End
November 2005 Beach Nourishment 261,235 Nixon Channel North End*
February 2006 Beach Nourishment 179,175 Banks Channel South End
April 2006 Beach Nourishment 148,969 Mason Creek & South End
AIWW
February 2009 Beach Nourishment 295,000 Nixon Channel North End*
Spring 2009 Channel Dredging 176,000 Mason Inlet South End
Jan-Mar 2011 Channel Dredging 275,000 Nixon Channel North End*
2012-2013 Mason Inlet 237,000 Mason Inlet South End
Maintenance
2015 Beach Scraping N/A N/A Island-Wide**
2016 Mason Inlet TBD Mason Inlet South End

Maintenance

*North end is defined as the area between the inlet gorge shoulder to Bridge Road

**Island wide includes the majority of the oceanfront shoreline at Figure Eight Island
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Reference Point

Figure 2.6. North end of Figure Eight Island afte'r-:nou‘rishméht event in 2001

i P 4 _” Mt

Figure 2.7. Evidence of rapiderosmn approximately one on ollwing 2001 nourishment

According to the Figure "8" Beach HOA, sandbag revetments were installed around 20 homes on
the north end of Figure Eight Island between 2003 and 2010, however, one of the homes, located
at 13 Comber Road, was relocated in 2010 leaving 19 homes along the north end of the island with
sandbag revetments. Until the channel within Rich Inlet subsequently reconfigured to a southerly
orientation, which resulted in a period of accretion on the north end of Figure Eight, these
structures had been considered imminently threatened as defined by State Standard Rule 15A
NCAC 7H .0308 (NC DCM, 2007a) (Figure 2.8). The basic premise of this rule is that a structure
in the Ocean Hazard Area is considered imminently threatened when its foundation is less than 6.1
m (20 ft) from the toe of the erosion scarp (see Figure 1.2 as depicted in the North Carolina CAMA
Handbook [2003]). Figure 2.9 depicts the location of each residential structure on Figure Eight
Island protected by sandbags. As of 2012, the potential loss of these threatened structures could
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reduce the total tax base by $12.4 million (Table 2.2). o, 4pags protecting a home
However, the actual loss would likely be less than $12.4 = ajong the northern portion of
million as the land on which the threatened homes lost = Figure Eight Island, March 18,
due to erosion would retain some unknown value. Atthis = 2008

time, these homes are no longer imminently threatened.
Currently, the existing sandbags along the northern end
of Figure Eight Island are either covered with sand and
vegetated or partially covered with sand (Kellam, pers.
comm.) However, should the inlet, consistent with the
historical trends, eventually reconfigure to a more
northeasterly location, erosion rates would be expected to
increase along the northern portion of Figure Eight
Island’s oceanfront shoreline, and potentially put these y : :
homes at risk again at some time in the future.. If, at any (Jarrett, 2008)
time, any of the structures are destroyed or condemned

and the home owner chooses to rebuild on the same lot, the structure would be required, pursuant
to NC DCM regulations, to conform to the state’s oceanfront setback rules. The oceanfront
construction setback is measured landward from the first line of stable natural vegetation, or a
static vegetation line when applicable. Setback distance is determined by two variables; (1) size of
structure; (2) a setback factor based on shoreline position change rates. At this time, it is unknown
which of these structures could be rebuilt due to the location of the the first line of vegetation in
relation to the existing structures.

The area north of Bridge Road contains 116 oceanfront parcels and 134 non-oceanfront parcels.
As of 2014, there are only ten (10) undeveloped oceanfront parcels and thirty-one (31)
undeveloped non-oceanfront parcels north of Bridge Road. Using the most recent available data
from the 2012 reappraisal, the total tax value of all the oceanfront parcels north of Bridge Road
(structure and land) was approximately $183 million. The twenty-seven (27) oceanfront parcels
located on Surf Court, Comber Road, and Inlet Hook Road- the area directly impacted by the
changes in Rich Inlet- have a total tax value of $26.2 million. At the current tax rate for New
Hanover County, the oceanfront parcels would generate over $1 million/year in ad valorem
taxes.

In general, Beach Road North is not in any immediate danger of being lost to erosion. However,
the road could eventually be subjected to storm overwash and occasional washouts during severe
storm events should the inlet relocate and expose the northern part of Figure Eight Island to high
rates of erosion again. Surf Court, Comber Road, and Inlet Hook Road, all located within 915 m
(3,000 ft) south of Rich Inlet as of 2015, could also eventually be damaged or lost to long-term
erosion, particularly once the oceanfront property owners are required to remove the existing
sandbag revetments (see Figure 2.9). Surf Court lies approximately 108 m (350 ft) from the
shoreline while Comber Road and Inlet Hook Road are 84 m (275 ft) and 101 m (330 ft) from
the shoreline, respectively. Given the shoreline recession rates observed between 1999 and
2007, these roads could become imminently threatened and eventually undermined if the channel
within the inlet reconfigures once more to the northeast.
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THREATERED STRUCTURE
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Figure 2.8. Diagram depicting imminently threatened structures (NCDCM, 2003a)

Table 2.2. Analysis of current and/or previously threatened structures with sandbags on Figure Eight Island

Address Property Value @ | Structure Value? | Total Appraised
Value

5 Comber $328,100 $379,400 $707,500
6 Comber $322,900 $490,400 $813,300
7 Comber $44,500 N/AP $44,500
8 Comber $287,000 $302,000 $589,000
9 Comber $317,300 $269,800 $587,100
10 Comber $334,500 $348,200 $682,700
11 Comber $336,200 $402,100 $738,300
12 Comber $346,400 $330,100 $676,500
14 Comber $340,100 $315,400 $655,500
15 Comber $336,100 $227,400 $563,500
16 Comber $296,000 $349,500 $645,500
17 Comber $323,000 $197,300 $520,300
3 Inlet Hook $341,900 $240,100 $582,000
4 Inlet Hook $340,200 $349,900 $690,100
5 Inlet Hook $347,100 $353,800 $700,900
6 Inlet Hook $362,100 $346,900 $709,000
7 Inlet Hook $429,800 $289,000 $718,800
8 Inlet Hook $488,400 $245,000 $733,400
544 Beach Road North $701,600 $343,200 $1,044,800
Total $6,623,200 $5,779,500 $12,402,700

22012 Property and Structure value information was provided by the New Hanover County GIS database
(http://etax.nhcgov.com/Main/Home.aspx).

b N/A denotes those structures in which a value was not provided in the Town’s tax database or through the
New Hanover County GIS database.
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FIGURE EIGHT
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Figure 2.9. Location of current and/or previously threatened residential structures on Figure Eight Island
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Chapter 3 PROJECT ALTERNATIVES
1. What alternatives are evaluated in this EIS?

This section describes in detail the various alternatives evaluated for responding to the erosion
threat along the northern 3.8 km (2.4 mi) of Figure Eight Island. These alternatives include:

Alternative 1 — No Action

Alternative 2 — Abandon/Retreat

Alternative 3 — Rich Inlet Management with Beach Fill

Alternative 4 — Beach Nourishment without Inlet Management

Alternative 5A — Terminal Groin with Beach Fill from Nixon Channel and a New
Connector Channel

Alternative 5B — Terminal Groin with Beach Fill from Nixon Channel and Other Sources
e Alternative 5C — Terminal Groin at a More Northerly Location with Beach Fill from
Nixon Channel and a New Connector Channel

e Alternative 5D (Applicant’s Preferred Alternative) — Terminal Groin at a More Northerly
Location with Beach Fill from Nixon Channel and Other Sources

The primary tools used to evaluate the effectiveness of the various alternatives in meeting the
needs and objectives included:

o Delft3D

e GENESIS

e Geomorphic analysis of Rich Inlet and the influence the inlet has on the
shorelines of Figure Eight Island and Hutaff Island

These tools were used to help assess and determine the differences between the alternatives and
were not intended to represent predictions of what changes to expect in the future. Accurate
future predictions for large-scale and long-term coastal changes are too difficult to make due to
the absence of the necessary capabilities for those predictions (Barter, Burgess, and Hosking,
2003). With the dynamic nature and complexity of coastal inlets, there remain some processes
that are not fully understood and can be difficult for quantitative predictions in estimating short-
and long-term migration trends, collective morphologic evolution, and cycles of inlets and the
interactions among inlets, adjacent beaches, bays, and estuaries (Demirbilek and Rosati, 2011).
There continue to be limitations on modeling for predicting future long-term coastal changes, but
numerical models are valid for qualitative comparisons (Beck, pers. comm. 2014).

Delft3D. Delft3D was the primary modeling package used for evaluating this project. The model
simulates flows, sediment transport, and bathymetric changes by using advanced sediment
transport formulations that respond to forcing functions that include waves, tides, winds, and
density gradients. The model takes into account the movement of sediment along the bottom
(bedload transport) as well as sediment transported in the water column (suspended transport).
Delft3D was used to simulate changes in hydrodynamics, sediment transport, and the morphology
of the inlet and nearshore environments in response to changes imposed by project alternatives
over a 5 year period. Details of the application of the Delft3D model are provided in Appendix B.
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The evaluation of the more northerly location of the terminal groin associated with Alternatives
5C and 5D necessitated a new round of model tests since these two options were not included in
the initial model runs shown in the 2012 Draft EIS. The new round of model testing was also
included to ensure that the alternatives were evaluated under more recent conditions, as several
years had passed since the original modeling conditions during which significant accretion had
occurred along the oceanfront of Figure Eight Island, particularly on the stretch of homes with
sandbags. The additional modeling was conducted to determine whether such changes in
conditions would cause significantly different results than under the original modeling
conditions. The model setup for the new round of tests included some modification in the model
grids used in the early model runs as well as some minor corrections in depths over portions of
the model domain. In order to maintain the same relative comparison of potential impacts from
one alternative to another, all the alternatives were re-run using a revised model setup, based
upon the 2006 conditions of the inlet and adjacent shorelines, and the same input parameters
(tides, waves, wind, etc.). This modeling was intended to reflect how the alternatives responded
to erosive conditions which were present in 2006. The model was also run for Alternatives 2, 3,
4, and 5D using 2012 inlet and shoreline conditions, which was a period of accretion.
Alternatives 5A and 5B were not modeled using the 2012 conditions (Table 3.1) since this
position of the terminal groin was not supported by property owners and would not likely be
approved by the Figure "8" Beach HOA. Alternative 5C was also excluded from the 2012 model
setup due to the Figure "8" Beach HOA designating Alternative 5D as its preferred alternative
prior to the initiation of the 2012 model simulations. Although not modeled using 2012
conditions, quantities and cost estimates to construct alternatives 5A, 5B, and 5C, given the 2012
conditions, were computed using actual 2012 survey data.

Table 3.1. Model conditions utilized for each Alternative

Alternative 2006 Conditions | 2012 Conditions
2 Yes Yes
3 Yes Yes
4 Yes Yes
5A Yes No
5B Yes No
5C Yes No
5D Yes Yes

The Delft3D model responds to prescribed or predetermined input conditions including waves,
tides, winds, etc. The model results are by no means intended to represent predictions of what
changes to expect in the future as this would require an ability to predict future weather and
oceanic conditions. Rather, the Delft3D model results for Alternative 2, the abandon/retreat
alternative where absolutely no shoreline stabilization measures are implemented, were used as a
basis for comparing relative changes in Rich Inlet and the adjacent shorelines that could be
attributable to physical changes in the system associated with each alternative.

GENESIS. GENESIS is a shoreline response model developed by the USACE. It is classified as

an “on-line” model since model output is limited to changes in a specified contour (for example
mean high water). The model can incorporate the effects of groins, revetments, seawalls,
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breakwaters, and offshore bathymetry. GENESIS was used to develop a “second opinion” with
regard to shoreline changes that could result from the channel modifications and a terminal groin.
GENESIS results are reported in Appendix B.

Rich Inlet Geomorphic Analysis. Dr. William J. Cleary, formerly with the University of North
Carolina Wilmington, was contracted by the Figure "8" Beach HOA to evaluate the impact of the
changes that Rich Inlet had on the shorelines of Figure Eight Island as well as Hutaff Island. The
results of Dr. Cleary’s analysis are provided in Sub-Appendix A of Appendix B.

Dr. Cleary’s assessment indicated that the condition of the shoreline along the north end of
Figure Eight Island is linked to the orientation of the channel crossing through the ebb tide delta
of Rich Inlet (ocean bar channel). Dr. Cleary’s report, which provides a history of the ocean bar
channel orientation and its relationship to the shoreline response on both the north end of Figure
Eight Island and the south end of Hutaff Island since 1938, is provided in Sub Appendix A of
Appendix B. Based on this history, when the ocean bar channel of Rich Inlet is orientated toward
Figure Eight Island, the north end of the island tends to accrete. When the channel orientation
shifts toward Hutaff Island, the south end of Hutaff Island generally accretes while the north end
of Figure Eight Island erodes.

Based on Dr. Cleary’s assessment, since 1938, the ocean bar channel of Rich Inlet has been
oriented toward Figure Eight Island at least five (5) times over periods ranging from 2 years to
about 9.5 years (see Figure 8 in Sub Appendix A). Similarly, the ocean bar channel was also
oriented toward Hutaff Island during five (5) time periods with the durations ranging from 3.5
years to approximately 14 years.

During the early part of 1994, the ocean bar channel of Rich Inlet breached the ebb tide delta
resulting in an almost instantaneous reorientation of the channel toward Hutaff Island.

Following this breach, shoreline on the north end of Figure Eight Island, which had experienced
a relatively long period of accretion, began to erode at accelerated rates. The erosion became so
severe that the 20 homes were eventually deemed imminently threated which allowed the owners
to install temporary sandbags. In this regard, the definition of imminently threatened, as used by
the State of North Carolina, refers to a condition in which the erosion scarp encroaches within 20
feet of its foundation. When this condition occurs, the property owners can employ temporary
erosion response measures, such as the installation of sandbag revetments, to protect their
property until such time the threat no longer exists or the structure is moved and/or abandoned.

One of the threatened homes was moved off the ocean shoreline in 2010 leaving 19 homes
imminently threatened. The condition of the shoreline that existed following this channel breach
prompted the Figure "8" Beach HOA to initiate the evaluation of shoreline protection measures
that would provide long-term protection to the threatened homes. This effort was initiated in
2006.

Beginning around October 2010, the Rich Inlet ocean bar channel again assumed an orientation
toward Figure Eight Island. As the result of the latest shift in the channel orientation, the north
end of Figure Eight Island has experienced a period of accretion which has temporarily removed
the imminently threatened status of the previously threatened 19 homes. However, as has been
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shown by the past behavior of Rich Inlet, the present configuration of the inlet bar channel and
associated ebb tide delta is expected to again undergo changes at some point in the future that
will result in a renewed period of erosion on the north end of Figure Eight Island.

A description of each alternative is provided below which includes detailed discussions of what
each alternative entails and how it was formulated. An assessment of the economic impact of
each alternative on the existing island development and infrastructure, developed by Dr. Peter W.
Schuhmann, Professor of Economic, University of North Carolina Wilmington, is provided in
Appendix G.

Alternative 1: No Action

Description. Under Alternative 1, the Figure "8"
Beach HOA and individual property owners would
continue to respond to erosion threats in the same
manner as in the past. These measures, which
involve obtaining Federal and/or State
authorizations to allow beach scraping (bulldozing)
to create and/or repair damaged dunes, intermittent
beach nourishment, and the deployment of
sandbags. A hydraulic cutter-suction pipeline
dredge (pipeline dredge) would be used for
alternative 1. These erosion response measures
become necessary when the ocean bar channel of
Rich Inlet shifts to a more northeasterly alignment,
as was the case beginning in 1993 and extending to
2010 (Cleary, 2009). When the bar channel shifts to a more northeasterly alignment, the south
side of the inlet’s ebb tide delta also migrates to the north exposing the north end of Figure Eight
Island to wave attack. As an example, when the bar channel was oriented toward Hutaff Island
between 1993 and 2010, extensive erosion occurred along the northern 1,400 m (4,500 ft) of the
Island, with a maximum of 150 m (500 ft) of shoreline retreat. During that time, sandbag
revetments were installed around 20 homes on the north end of Figure Eight Island. Even so, one
of the homes, located at 13 Comber Road, was relocated landward in 2010 leaving 19 homes
along the north end of the island with sandbag revetments. Despite the accretion on the ocean
beach, one home along Nixon Channel is still imminently threated and is protected by a sandbag
revetment. The activities described within Alternative 1 are anticipated to only provide
temporary short-term protection from erosion and storm induced damage to Figure Eight Island’s
infrastructure. For Alternative 1, the distance between a structure or infrastructure element
(roadway, utility, etc.) was measured relative to the 2007 shoreline positon and once the
shoreline encroached within 20 feet of the foundation of a structure or within 20 feet of a road
right-of-way, or 20 feet from a utility, under Alternative 1, action would be taken to protect the
threatened structure or infrastructure element using sandbags. Eventually, without beach
nourishment, the erosion would continue past the sandbags resulting in the need to either move
the structure to a new location or demolish it.

Sandbag revetments along the
northern portion of Figure Eight
Island
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With the shift of the ocean bar channel to an orientation toward Figure Eight Island in 2010, the
shoreline on the north end of Figure Eight Island north of the intersection Comber Road and
Dunes Point Road (approximately baseline station 80+00) has accreted considerably. For
example, the shoreline at station 90+00accreted approximately 165 feet seaward between July
2006 and January 2013 while the shoreline at station 95+00 moved 350 feet seaward during this
same time interval. Under the present conditions, none of the oceanfront structures located
between Surf Court and Rich Inlet, including the 19 structures presently protected by temporary
sandbag revetments, are in imminently threatened status as defined by the State Coastal
Resources Commission (CRC). However, the recent accretion along the north end of Figure
Eight Island has not changed the condition along Nixon Channel as the one structure protected
by a sandbag revetment remains imminently threatened.

During periods when the bar channel of Rich Inlet is oriented toward Hutaff Island, the Figure
"8" Beach HOA has utilized beach nourishment to counter the erosion threat. In general, the
beach nourishment operations were carried out about every three to four years. A summary of
past beach nourishment activities is provided in Table 1.1.

Past nourishment activities along the north end of the island consisted of depositing dredged
material from maintenance of a previously permitted navigation channel and boat basin located
in Nixon Channel. This previously permitted area is shown on Figure 3.1. Dredging in Nixon
Channel was initiated in 1983 with the first maintenance event occurring in 1988. The permitted
depth for these first two events was -1.8 m (-6 ft MLW) [-2.6 m (-8.4 ft) NAVD]. The area
permitted in Nixon Channel was modified in 1993, covering the area shown on Figure 3.1. The
modification increased the authorized depth to -2.7 m (-9 ft) MLW (or -3.5 m (-11.4 ft) NAVD).
The modified area was initially dredged in 1993-94 with subsequent maintenance dredging in
1997, 2001, 2005, 2009 and 2011 (see Table 2.1 in Chapter 2). The volume of material
deposited along the north end from the Nixon Channel permit area since 1993 has ranged from
90,000 cy to 350,000 cy, per event, with densities ranging from 26 cy/linear foot to 133 cy/linear
foot. Since 1993, the total volume of material removed from Nixon Channel and deposited along
the north end of Figure Eight Island north of Bridge Road totals approximately 1.75 million cy or
an average of approximately 291,000 cy for each event (Appendix B).

With the Rich Inlet bar channel presently oriented more perpendicular to the adjacent shorelines
of Figure Eight and Hutaff Islands, Figure Eight Island has not reached a point that beach
nourishment is needed to protect the development on the extreme north end of the island.
However, a continuation of the northerly shift of the channel alignment toward Hutaff Island, as
shown when comparing the 2010 and 2015 images in Chapter 2, will likely result in a need to
resume beach nourishment along the north end of the island. Assuming this shift in channel
alignment continues, erosion rates along the north end of Figure Eight Island are expected to
accelerate and may attain rates comparable to those measured between 1999 and 2007. Given the
variable and unpredictable nature of the behavior of Rich Inlet, the need to periodically maintain
the previously permitted area in Nixon Channel with disposal of the dredged material along the
north end of Figure Eight Island will probably continue indefinitely.

With the expected shift of the channel back toward Hutaff Island, the cost to implement
Alternative 1 was determined using conditions that existed in 2006 (considered to be a highly
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erosive period) and 2012 (considered to be a highly accretionary period). For the 2006
condition, the economic assessment assumed the shoreline would erode into the existing
development at rates comparable to those measured between 1999 and 2007. The
implementation costs for Alternative 1 include the value of homes that would be lost to erosion,
the value of land that would be lost, the cost for installation of temporary erosion response
measures, and the cost for continued beach nourishment over the 30-year evaluation period.

A similar cost evaluation was made for the 2012 condition, however, as noted above, the
shoreline north of baseline station 80+00 was positioned somewhat seaward of the 2006
shoreline position, therefore, the damages and implementation cost along this northernmost
portion of Figure Eight Island, given the accreted shoreline condition, would occur later in the
30-year evaluation period.

Over time, the continuation of the long term erosion south of baseline station 80+00 would also
affect homes located along Surf Court and portions of Beach Road North just south of Surf
Court. This will result in additional homes becoming imminently threatened which could result
in the placement of additional temporary sandbag revetments.

Implementation Cost-2006 Eroded Condition. Alternative 1 includes the demolition and/or
relocation of some of the threatened homes. With regard to whether the threatened homes would
be demolished or relocated to a new lot, there is no definitive way to make this determination as
such a decision depends primarily on the desires of the individual property owners as well as the
availability of suitable building lots on the island. Therefore, the implementation costs for
Alternative 1 was based on the assumption that ten (10) of the threatened homes would be
relocated and thirty (30) homes demolished.

The ten (10) structures that were assumed to be relocated to another lot on Figure Eight Island
have an appraised value of $6.5 million with their value assumed to remain the same even
though they would no longer be on an oceanfront lot. However, the land on which they were
situated would eventually be lost. The lost value of these ten (10) lots is included in the total
land loss value. See Appendix B and Appendix G for more information regarding cost.

Over the thirty year analysis period, the total implementation cost associated with Alternative 1,
given the 2006 eroded shoreline condition would be about $92.5 million. This includes $16.9
million for the value of 30 structures that would be demolished, $1.4 million to demolish the
structures, $2.4 million to relocate 10 structures, $38.3 million for the loss of land, $1.2 million
for temporary sandbag revetments, $3.3 million for damages to roads and infrastructure on the
north end of Figure Eight, and $29.0 million for eleven (11) beach nourishment events that
would take place approximately every three years beginning in year 0 of the 30-year evaluation
period.

The equivalent annual cost for implementation of Alternative 1 given the 2006 eroded shoreline

condition, computed using an interest rate of 6% and a 30-year amortization period is
$3,191,000/year.
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Implementation Cost-2012/13 Accreted Condition. Over the thirty year analysis period, the total
implementation cost associated with Alternative 1, given the 2012/2013 accreted shoreline
condition, would be about $84.6 million. This includes $16.9 million for the value of 30
structures that would be demolished, $1.4 million to demolish the structures, $2.4 million to
relocate 10 structures, $38.3 million for the loss of land, $1.2 million for temporary sandbag
revetments, $3.3 million for damages to roads and infrastructure on the north end of Figure
Eight, and $21.1 for eight (8) beach nourishment events that would take place approximately
every three years beginning in year 9 of the 30-year evaluation period.

The equivalent annual cost for implementation of Alternative 1 given the 2006 eroded shoreline
condition, computed using an interest rate of 6% and a 30-year amortization period is
$3,122,000/year.
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Figure 3.1. Previously permitted dredge area in Nixon Channel.
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Alternative 2: Abandon/Retreat

Description. For Alternative 2, the Figure "8" Beach HOA and the individual property owners
would not take any action to slow erosion. Furthermore, no Federal and/or State authorization
would be sought to conduct stabilization measures such as the installation of new sandbags, beach
scraping/bulldozing, or other stabilization measures described above in Alternative 1. Also, the
Figure "8" Beach HOA would not make any effort to pursue a long-term beach nourishment
project or inlet channel relocation project. Once the existing temporary sandbag revetments fail
or have to be removed upon reaching the end of their permit period, the affected structures would
either be abandoned (demolished) or moved to another lot on the island.

Until recently, the shoreline along the north end of Figure Eight Island had been responding
positively to the orientation of the ocean bar channel of Rich Inlet. While in this favorable
orientation, immediate efforts to abandon and/or relocate structures from the ocean shoreline had
not been necessary. In this regard, the position of the shoreline north of the intersection of
Comber Road and Dunes Point Road (approximately baseline station 80+00) are now between
160 and 350 feet seaward of the 2006 shoreline position. As stated previously in Chapter 2, the
inlet channel has demonstrated a history of migrating its orientation which directly impacts the
rate of erosion or accretion along the northern end of Figure Eight Island. Based on the past
history of the inlet channel, it is expected that this latest shift back in orientation toward Hutaff
Island could result in another round of erosion on the north end of Figure Eight.

As demonstrated above by the comparison of the October 2010 and January 2015 aerial
photographs of Rich Inlet, the bar channel of Rich Inlet appears to have begun to swing to an
alignment toward Hutaff Island. If this shift continues as historical trends would indicate,
shoreline erosion rates along the north end of Figure Eight Island are expected to accelerate with
erosion rates possibly approaching rates observed between 1999 and 2007. As shoreline
conditions deteriorate as the result of a change in the orientation of the ocean bar channel toward
Hutaff Island, some oceanfront structures may have to be either abandoned (i.e., demolished) or
moved to another lot somewhere on Figure Eight Island.

With regard to the relocation option, twenty-three (23) oceanfront homes located on Surf Court,
Comber Road, and Inlet Hook Road fall into this category and could have to eventually be
demolished or moved within the next five (5) years. If erosion rates revert back to the rates
experienced during the time when the orientation of the bar channel was positioned towards
Hutaff Island, Delft3D modeling results suggest that nine (9) homes on Beach Road North
located immediately south of Surf Court are would become threatened within the next ten (10)
years with an additional eight (8) homes on Beach Road North threatened within the next 25
years. Thus, over the 30-year analysis period used for the evaluation of the project alternatives,
forty (40) oceanfront homes on the extreme north end of Figure Eight Island would either be
demolished or moved. After the loss of these homes, it is presumed that no future homes will be
built upon these lots. There are currently, eighty (80) undeveloped residential lots on the island.
The vast majority of these lots are located on the waterfront; either on the ocean or sound side.
Of these undeveloped lots, thirty-one (31) are located directly on the oceanfront. A total of
forty-five (45) undeveloped lots are located on the sound side shoreline. Even though there
appears to be a sufficient number of vacant lots to accommodate the relocation of oceanfront
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structures that may again become imminently threatened, the number of homes that would
actually be relocated cannot be predicted with any degree of certainty as this decision would be
made by each affected property owner. Also, owners of the existing vacant lots would have to be
willing to sell the lots.

The determination of which threatened structures would be moved or demolished is difficult due
to the inability to fully discern which individual property owner would choose to move a
threatened structure or have it demolished. Also, even though there are available vacant lots, the
owner of the vacant lot would have to be willing to sell the lot. For the Ocean Isle Beach Project
at the east end of the island, the ratio used to determine how many threatened structures would be
moved versus demolished was based on actual numbers that occurred on that island. For
example, six structures on the east end of Ocean Isle Beach had become threatened within the
past few years and 2 were moved and 4 demolished. Since moving a threatened structure to a
new lot is more expensive than simply demolishing the structure, demolition was assumed to
occur for 75% of the threatened structures and the remaining 25% moved to a new lot. This
cannot be determined with any degree of certainty for Figure Eight Island since there are no
actual numbers for comparison purposes. It is difficult to compare a higher valued property on a
private island with property on a public beach. In the past years, only one Figure Eight property
owner has previously elected to move his structure to a lot that was immediately landward of the
structure.

Given the wide range of possible shoreline conditions along the north end of Figure Eight Island
as dictated by conditions of the ocean bar channel of Rich Inlet, implementation costs for
Alternative 2 were evaluated for the 2006 eroded shoreline condition and the 2012/2013 accreted
condition.

Implementation Cost-2006 Eroded Condition. Over the 30-year analysis period, the total
implementation cost associated with Alternative 2, given the 2006 eroded shoreline condition
would be about $63.7 million. This total cost includes $16.9 million for the value of thirty (30)
structures that would be demolished, $1.4 million to demolish the structures, $2.4 million to
relocate ten (10) structures, $4.7 million for damages to roads and infrastructure on the north end
of Figure Eight, and $38.3 million for the loss of land. The value of the land for the ten (10)
homes that would be relocated to another lot on Figure Eight Island is included in the total land
loss amount. However, the value of the ten (10) structures was assumed to remain the same even
though they would no longer be situated on an oceanfront lot.

The equivalent annual cost for implementation of Alternative 2 given the 2006 eroded shoreline
condition, computed using an interest rate of 6% and a 30-year amortization period is
$2,610,000/year.

Implementation Cost-2012/13 Accreted Condition. Over the 30-year analysis period, the total
implementation cost associated with Alternative 2, given the 2012/13 eroded shoreline condition
would be about $63.7 million which is the same as under the 2006 eroded condition. However,
on an equivalent average annual cost basis, the annual cost under the 2012/13 shoreline condition
would be less than the 2006 shoreline condition due to actions such as abandoned and/or moving
homes would occur later in the analysis period.
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The equivalent annual cost for implementation of Alternative 2 given the 2012/13 accreted
shoreline condition, computed using an interest rate of 6% and a 30-year amortization period is
$2,503,000/year.

Alternative 3: Rich Inlet Management with Beach Fill

Description. The main bar channel of Rich Inlet, also referred to as the entrance channel, would
be maintained in a positon closer to the north end of Figure Eight Island and along an alignment
essentially perpendicular to the adjacent shorelines. The establishment of a preferred location of
the ocean bar channel would be accompanied by new channels connecting the bar channel with
Nixon Channel and Green Channel (Figure 3.2). Material removed to maintain the preferred
location of the bar channel and construct the new connecting channels would be used to
construct a closure dike across the existing ebb channel located next to Hutaff Island, provide
beach fill along 426.8 m (1,400 ft) of the Nixon Channel shoreline just south of Rich Inlet, and
nourish 3,810 m (12,500 ft) of ocean shoreline extending from Rich Inlet south to Bridge Road.
The purpose of the closure dike would be to concentrate most of the tidal flow through the
preferred channel. A hydraulic cutter-suction pipeline dredge (pipeline dredge) would be used
for this alternatives.

CUT 2
(CLOSURE DIKE
MATERIAL) b < CuT 1 p 4
e o ~\ (BEACH FILL

NIXQN Q‘HANt( 3
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GEOFINY TECHNOLOGIES LLC., FLOWN @ 2008 CPENC VIBRACORES , :
APRIL, 2008. ALTERNATIVE 3 CHANNEL CORRIDOR Rl -c ot

Figure 3.2. Map depicting the two different cuts designed for the Alternative 3 channel corridor. Note the
locations of two vibracores (FEVC-07-11 and FEVC-08-06) in which clay material was found.

The performance of Alternative 3, as well as the other alternatives, was based on the results of a
numerical model known as Delft3D. Delft3D simulates changes in hydrodynamics, sediment
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transport, and the morphology of the inlet and nearshore environments in response to changes
imposed by project alternatives over a 5 year period. Details of the Delft3D model simulations
are provided in Appendix B and Chapter 5 with summary discussions provided below.

The preferred bar channel position would be periodically maintained with maintenance episodes
dictated by shoaling of the channel and/or natural shifts in the channel position outside the
preferred channel corridor. Based on the results of the Delft3D model simulations, maintenance
of the new channels connecting to both Nixon Channel and Green Channel will probably not
have to be maintained on a regular basis. All the material removed to maintain the channel(s)
would be distributed along the Figure Eight shoreline between Rich Inlet and Bridge Road and
along the 426.8 m (1,400 ft) shoreline segment in Nixon Channel. Dredging associated with the
construction and maintenance of the new channels would be performed by a cutter-suction
pipeline dredge (pipeline dredge).

Plan Formulation. The major factor affecting shoreline stability along the extreme north end of
Figure Eight Island is associated with the uncontrolled movement in the position and orientation
of the main bar channel passing through Rich Inlet. At the time the Figure "8" Beach HOA
initiated efforts to develop a shoreline and inlet management plan for the north end of the island
the ocean bar channel of Rich Inlet was oriented toward Hutaff Island and the north end of Figure
Eight Island was experiencing extremely high rates of erosion. The high rate of erosion was
impacting several homes on the extreme north end of the island.

As previously mentioned, the ocean bar channel of Rich Inlet assumed an alignment toward
Figure Eight Island around 2010 and the north end of Figure Eight Island has been accreting. As
long as the ocean bar channel continues to occupy a position and alignment favorable to the north
end of Figure Eight Island, implementation of a project involving the establishment and
maintenance of a channel along in a preferred position would not be needed. However, as has
been the case in the past, the present condition of the ocean bar channel is not expected to last in
perpetuity. Based on historic trend of periodic changes in the ocean bar, the present bar channel
condition may only last another 3 to 5 years. When the channel does eventually swing back
toward Hutaff Island, the channel project developed under Alternative 3 could be considered as an
option to respond to the renewed erosion threat.

Under Alternative 3, the main ocean bar channel would be maintained in a position and along an
alignment that would produce favorable shoreline changes on the extreme north end of Figure
Eight Island. The preferred bar channel would be accompanied by new channel connections to
Nixon Channel and toward the mouth of Green Channel and the construction of a closure dike
across the existing entrance channel. The purpose of the closure dike would be to force most of
the tidal flow through the inlet into the preferred bar channel.

The development of the preferred channel modifications/inlet management plan for Rich Inlet
involved a screening process utilizing Delft3D model runs in which various options for Nixon
Channel, Green Channel, and the main entrance channel were evaluated. Simulations were also
performed excluding the closure dike. The results of all screening runs are provided in Appendix
B.
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All the screening runs included a bar channel with a 152.4 m (500 ft) bottom width at a depth of
5.2 m (-17 ft) NAVD and 1V:5H (1 Vertical to 5 Horizontal) side slopes and various options with
regard to the length of the interior channel cuts connecting the inlet throat with Nixon and Green
Channels. The screening runs were conducted with a closure dike extending off the south end of
Hutaff Island to close the entrance channel and interior channel depths of 5.2 m (-17 ft) NAVD, or
the same depth as the inlet bar channel. The screening runs were conducted for the 2006-07
conditions which represent a highly erosive period with regard to the impacts of the bar channel
on the behavior of the north end of Figure Eight Island. Selection of a preferred position and
alignment for the bar channel, in terms of its impacts on Figure Eight Island, was based on
historic morphological changes in the inlet and the accompanying impact of the inlet changes on
the adjacent shorelines of Figure Eight Island and Hutaff Island. The morphologic history of Rich
Inlet was developed by Dr. William Cleary formerly with the University of North Carolina at
Wilmington. Dr. Cleary’s complete report is included as Sub-Appendix A in Appendix B.

One other consideration for the location of the channel is the presence of the civil war era
shipwreck, the Wild Dayrell. Geotechnical and geophysical investigations were conducted within
Rich Inlet to determine its location. These targeted submerged cultural resource investigations
were conducted to accurately map its location and allow for proper design and planning of a
channel that would avoid adverse impacts to the wreck (Appendix C and Appendix D).

Optimal Channel Modifications. The recommended channel modifications for the preferred
channel include a 1,158.2 m (3,800 ft) long cut within Nixon Channel and a 426.7 m (1,400 ft)
long cut extending into Green Channel.

While all of the screening runs were performed with a channel depth of -5.2 m (-17 ft) NAVD, a
review of cutter-suction pipeline dredge capabilities available from three dredging companies
(Great Lakes Dredge & Dock, Weeks Marine, and Norfolk Dredging) found dredge plant
capable of working in an ocean/inlet environment have minimum digging depths ranging from
4.3 m (14.0 ft) to -5.3 m (17.5 ft). If a dredge is to work continually throughout a complete tidal
cycle, the minimum digging depths would be measured at mean low water. With mean low
water in the project area being approximately -0.8 m (2.5 ft) below NAVD, the minimum
digging depths for the available dredge plant would range from -5.0 m (-16.5 ft) NAVD to -5.9
m (-19.5 feet) NAVD. In order to assure competitive bidding and providing some margin of
safety to allow for the turbulent nature of the inlet environment, the recommended design depth
for the Alternative 3 channels was increased to -5.8 m (-19.0 feet) NAVD.

A similar channel relocation project was recently completed for New River Inlet and had a
design depth of -5.5 m (-18.0 ft) NAVD. A comparison of wave hindcast data was generated by
the USACE Wave Information Study (WIS) for two stations, one located seaward of Rich Inlet
and the other seaward of New River Inlet (see Appendix B). Data results found that the average
wave heights in the vicinity of Rich Inlet were slightly greater than the waves off New River
Inlet. The WIS station 63297 located seaward of Rich Inlet has a 20-year (1980 to 1999) average
wave height of 1.12 m (3.68 ft) compared to an average wave height for WIS station 63290 off
New River Inlet of 1.04 m (3.40 ft). While the average wave height difference is relatively
small, it would be magnified in the inlet environment when incoming waves interact with ebbing
tidal currents; hence a larger margin of safety was adopted for Rich Inlet.
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The increase of the channel depth to -5.8 m (-19 ft) NAVD was accompanied by a 50-foot
reduction in the width of the main entrance channel to maintain the same flow carrying capacity
as the -5.2 m (-17 ft) NAVD channel. Other channel modifications from those considered during
the initial screening included a reduction in the width of the Nixon Channel cut from 83.8 m (275
ft) to 73.2 m (240 ft) and an increase in the width of the Green Channel cut from 68.6 m (225 ft)
to 91.4 m (300 ft) (see Appendix B). The reduced width of the Nixon Channel cut was based on
maintaining the same flow carrying capacity as the -17-foot NAVD channel while the increased
width of the Green Channel cut was to accommodate possible increased shoaling associated with
erosion of the closure dike across the exiting channel next to the south end of Hutaff Island.

Summary of Channel Modifications. The modifications to Rich Inlet for oceanfront shoreline
stability and protection under Alternative 3 would move the channel approximately 304.8 m
(1,000 ft) to the southwest of its present location and would consist of the following:

All new channel depths = -5.8 m (-19 ft) NAVD + 1-foot overdepth

Channel widths and lengths:
e Entrance (Bar) Channel = 137.2 m (450 ft) wide from inlet throat to
-5.8 m (-19 ft) NAVD depth contour in the ocean
e Nixon Channel =73.2 m (240 ft) x 1,154.8 m (3,800 ft)
e Green Channel = 91.4 m (300 ft) x 426.7 m (1,400 ft)

Channel Dredge VVolumes:
April 2006 Survey:
1,773,300 cy + 150,400 cy overdepth = 1,923,700 cy

March 2012 Survey:
1,786,500 cy + 156,400 cy overdepth = total 1,942,900 cy

Closure Dike:
e Crest Elevation = +1.8 m (+6 ft) NAVD
e Crest Width = 137.2 m (450 ft)
e Side Slopes =1 vertical on 20 horizontal (assumed)
e Volumes:
April 2006 Survey: 513,700 cy
March 2012 Survey: 393,000 cy
Beach Fill Design.

The beach fill along the ocean shoreline would cover the area from a point opposite the
intersection of Bridge Road and Beachbay Lane (station F90+00) to Rich Inlet (station 105+00), a
total distance of 3,810 m (12,500 ft) as shown in Figures 3.4a and 3.4b. The fill would include a
1,000-foot transition or taper section on the south end between stations F90+00 and F100+00 and
a 500-foot taper on the north end between stations 100+00 and 105+00. The southern limit of the
ocean beach fill area (F90+00) corresponds to the northern limit of the beach disposal area
associated with the Mason Inlet Relocation Project.
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The design for Alternative 3 focused on optimizing the distribution of the material removed to
reposition the ocean bar channel and construct the new channel connectors into Nixon and Green
Channels along the ocean shoreline between Rich Inlet and Bridge Road. To that end, the design
widths of the beach fill along various sections of Figure Eight Island north of Bridge Road were
based on maximum shoreline recession rates observed during the period from 1999 to 2007 and
an assumed 5-year design life (Table 6.1 in Appendix B). In this regard, the design recession rate
used for the area between stations 50+00 and 105+00 was -8.7 m (-24.8 ft)/year with a recession
rate of -2.8 m (-9.2 ft)/year used for the area from Bridge Road (station F90+00) to station 40+00.
The beach fill would be constructed to an elevation of 1.8 m (6.0 ft) NAVD and would have the
placement rates and design berm widths shown in Table 3.2.

Table 3.2. Alternative 3 beach fill placement volumes and design berm widths.

Shoreline Segment Placement VVolume | Design Berm Width
(Baseline Stations)* (cy/lf) (ft)

F90+00 to F100+00 (transition) 0to53.5 0to 46.2
F100+00 to 40+00 53.5 46.2

40+00 to 50+00 (transition) 53.5t0 143.6 46.2 t0 123.8
50+00 to 100+00 143.6 123.8
100+00 to 105+00 (transition) 1436100 123.8t00

*Refer to Figures 3.4a and 3.4b for station locations

A dune with a crest elevation of 4.6 m (15.0 ft.) NAVD would be provided in the area from
baseline stations 77+50 to 95+00 or in the area presently devoid of a dune and where homes are
protected by sandbag revetments. Based on the April 2006 survey, the total volume of beach fill
along the ocean shoreline, including 29,900 cy used to construct the dune, would be 1,152,300 cy.
For the March 2012 survey, the total volume of beach fill along the ocean shoreline, including
43,800 cy used to construct the dune, would be 1,190,700 cy. If required by permit conditions,
once the beach fill is in place, the sandbags could be removed by manually tearing the fabric and
utilizing heavy machinery to extract the bag leaving the sand in place. If removed, the site will be
shaped, planted with dune vegetation, and sand fences installed for further stabilization.

The width of the Nixon Channel beach fill was based on shoreline recession rates observed
between 1999 and 2005 and an assumed 5 year design life. The fill would consist of a 122.0 m
(400 ft) long main section constructed to a width of approximately 50 feet and at an elevation of
1.8 m (6.0 ft) NAVD and two 152.4 m (500 ft) transitions on each end of the main fill. The
estimated volume of material needed for the Nixon Channel beach fill is 57,000 cy.

The length of the beach fill along the Nixon Channel shoreline was reduced by 122.0 m (400 ft)
from that presented in the DEIS to avoid impacts on the mouth of a small tidal finger that drains
the marsh area on the extreme north end of Figure Eight Island. The reduced length of the Nixon
Channel fill lowers the fill volume from 65,000 cy presented in the DEIS to 57,000 cy presented
above.

Beach Fill Material Compatibility. In April 2008, the North Carolina Coastal Resources
Commission (CRC) adopted State Sediment Criteria Rule (15A NCAC 07H .0312) which sets
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State standards for borrow material aimed at preventing the disposal of incompatible material on
the beach. The new rule limits the amount of material by weight in the borrow area with a
diameter equal to or greater than 4.76 mm and less than 76 mm (gravel), between 4.76 mm and
2.0 mm (granular), and less than 0.0625 mm (fines) to no more than 5% above that which exists
on the native beach. Several beach nourishment operations have taken place along the north end
of Figure Eight Island since 1983 and as a result, the NC DCM requested native beach samples
be collected on both Figure Eight Island and Hutaff Island to establish a “native” value. The
locations of the native beach sampling transects on both Figure Eight Island and Hutaff Island
are shown on Figure 3.3.

The results of the characterization of both Figure Eight and Hutaff Island are provided below in
Table 3.2. The native beach material on Hutaff Island is slightly coarser (mean grain size of 0.21
mm) than the material found on Figure Eight Island (mean grain size of 0.18 mm) and is
comprised of more carbonate (shell) and granular material. The material on both beaches has
essentially the same silt content. Given the absence of artificial beach nourishment on Hutaff
Island, the characteristics of the beach material on Hutaff Island were adopted as a proxy to
represent the native beach material on Figure Eight Island.
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Figure 3.3. Map depicting the locations of sand samples collected on Figure Eight and Hutaff Island.
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The performance of a beach fill along Figure Eight Island will depend on how closely the material
removed to relocate the inlet bar channel and construct the two channel connectors matches the
native beach material, or in this case, the native material on Hutaff Island. In general, borrow area
material (channel material in this case) that is finer than the native material will generally form
flatter slopes and require more fill to achieve a certain design template. Finer material also tends
to erode faster which would require more periodic nourishment to maintain the desired beach
profile configuration.

The geotechnical investigations conducted to characterize the material within the proposed new
channels included two vibracores (FEVC-07-11 and FEVC-08-06) located in Nixon Channel that
contained a layer of clay material at a depth of about -16 ft NAVD which is not compatible with
the native beach. As a result, two separate cuts (Cut 1 and Cut 2) were designed (Figure 3.2) with
material from Cut 1 to be placed along the ocean shoreline of Figure Eight Island and along the
Nixon Channel shoreline while material from Cut 2 will be used to construct the closure dike. An
estimated 29,700 cy of clay material that would be removed from Cut 2 would be deposited in an
upland disposal area located on the south side of Nixon Channel at the intersection of Nixon
Channel with the AIWW (Figure 3.3). With the exception of the 29,700 cy of material to be
disposed of in an upland site, the material to be removed to construct the new channels meets all
of the requirements for compatibility as stipulated in the State of North Carolina sand
compatibility standards. From an engineering or performance standpoint, comparison of the
channel material to the native beach material on Hutaff Island resulted in an overfill factor of
1.04, meaning only 4% of the material placed along the ocean shoreline could be lost from the
active beach profile, which extends seaward to a depth of -24 feet NAVD, as a result of natural
sorting and winnowing of the fill in response to wave and tidal action.

The composite characteristics of the material that would be removed from Cut 1 and Cut 2
(exclusive of the clay) are provided in Table 3.3 and include the silt, granular, gravel, and
carbonate percentages for material in each cut. Material from Cuts 1 and 2 have mean grain sizes
of 0.25 mm and 0.22 mm, respectively (Table 3.3) both of which are coarser than the native beach
material. The characteristics of the material in both cuts (again exclusive of the clay in Cut 2) are
well within the silt, carbonate, granular, and gravel contents allowed by the State Sediment
Criteria.
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Table 3.3. Characteristics of the native beach and Rich Inlet channel material.

% % Mean Grain

% Silt | Carbonate | Granular | % Gravel Size (mm)
State Standard Allowance® 5 15 5 5
Figure Eight Native Beach 1.04 6.0 0.26 0.05 0.18
State Standard Cutoff 6.04 21.0 5.26 5.05
Hutaff Island Native Beach® 1.00 9.9 1.15 0.33 0.21
State Standard Limit 6.00 24.9 6.15 5.33
Rich Inlet Borrow Area Cut 1 1.13 11.28 1.39 0.80 0.25
Rich Inlet Borrow Area Cut 2 1.25 8.12 0.77 0.52 0.22

(M Refer to Figures 3.4a-d for station locations; allowances above native beach material.
@ Characteristics of the native beach material on Hutaff Island adopted as representative of the native beach

material on Figure Eight Island.

The channel modifications, closure dike, and general layout of the beach fills for Alternative 3 are
shown in Figures 3.4a-d. The following depicts the approximate amount of dredged material that
would be placed at each location based on both the April 2006 and March 2012 surveys:

Ocean Shoreline Beach Fill

April 2006 Survey

Nixon Channel Beach Fill

Closure Dike

Upland Disposal (clay material)

TOTAL

Ocean Shoreline Beach Fill

1,152,300 cy
57,000 cy
513,700 cy
42,300 cy
1,765,300 cy

March 2012 Survey

Nixon Channel Beach Fill

Closure Dike

Upland Disposal (clay material)

TOTAL

1,190,700 cy
57,000 cy
393,000 cy
29,700 cy
1,670,400 cy

The total volume of material that would be removed to construct the new bar channel and the
connector channels in Nixon and Green Channels based on the April 2006 survey exceeds the
disposal volumes to construct the dike and beach fills by 8,000 cy whereas the dredged volume
based on the 2012 survey exceeds the disposal volume by 272,500 cy or roughly 14%. Since
removal of 100% of the available volume from each of the channel areas is unlikely, the small
difference in dredge and placement volumes for both surveys will account for some of the
inefficiencies associated with the dredging operation.
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Figure 3.4b. Alternative 3: Southern portion of beach fill; 2012 shoreline conditions.
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Figure 3.4c. Alternative 3: Optimal channel design, closure dike, and northern portion of beach fill; 2006
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Figure 3.4d. Alternative 3: Southern portion of beach fill; 2006 shoreline conditions.
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Channel Maintenance Requirements

Alternative 3 will likely require periodic maintenance of the new inlet bar channel to maintain its
preferred position and alignment. While some maintenance may be needed for the Nixon and
Green Channel connectors, as discussed below, future maintenance of these two channels would
be deferred until conditions indicate maintenance would be desirable. The need to maintain the
new bar channel would be evaluated when one of the following two thresholds is exceeded:

Shoaling Threshold. Channel maintenance could be performed once the shoal volume in
the new bar channel totals 60% of the initial construction volume.

Bar Channel Position/Alignment Threshold. Channel maintenance could be performed if
the thalweg of the new bar channel migrates toward Hutaff Island and 50% of the channel
thalweg is located outside the 450-foot channel corridor established during initial
construction. Shifts in the channel orientation toward Figure Eight Island would have a
beneficial impact on the north end of Figure Eight Island and would not necessarily trigger
the realignment threshold unless the landward portion of the channel moved to a position
that threatened the integrity of homes located on the north end of the island.

As previously mentioned, maintenance of the new channels would be performed by the same type
of equipment, i.e., cutter-suction pipeline dredge, used for initial construction.

Shoaling rates in the three new channel segments over the 5-year simulation period derived from
the results of the Delft3D simulations are presented in Table 3.4a for the 2006 conditions and in
Table 3.4b for the 2012 conditions. A plot of the cumulative shoal volume in each channel,
expressed as a percent of the initial construction volume, is shown on Figure 3.5 for both the 2006
(dashed lines) and 2012 (solid lines) conditions. The initial construction volumes for the three
channels (excluding overdepth allowances) are estimated to be 909,000 cy for the bar channel,
599,400 cy for Nixon Channel, and 264,900 cy for Green Channel (April 2006 survey data). For
the 2012 survey, the initial construction volumes (excluding overdepth allowances) for the three
channels are estimated to be 931,800 cy for the bar channel, 654,700 cy for Nixon Channel, and
200,000 cy for Green Channel (2012 survey data).

Table 3.4a. Estimated cumulative shoal volumes in each channel over the 5-year simulation for Alternative 3
(2006 Conditions).

Year Channel Shoal VVolume (cy)
Bar Nixon Green Total
0 0 0 0 0
1 190,000 | 18,000 | 12,000 | 220,000
2 298,000 | 27,000 | 143,000 | 468,000
3 437,000 | 28,000 | 145,000 | 610,000
4 611,000 | 51,000 | 169,000 | 831,000
5 629,000 | 88,000 | 178,000 | 895,000
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Table 3.4b. Estimated cumulative shoal volumes in each channel over the 5-year simulation for Alternative 3
(2012 Conditions).

Year Channel Shoal VVolume (cy)
Bar Nixon Green Total
0 0 0 0 0
1 202,000 | 10,000 | 72,000 | 284,000
2 430,000 | 20,000 | 173,000 | 623,000
3 571,000 | 70,000 | 142,000 | 783,000
4 641,000 | 103,000 | 132,000 | 876,000
5 666,000 | 121,000 | 140,000 | 927,000

The initial size of all three channels was based on stability requirements and the need to initially
capture flow in and out of the inlet. Once this flow pattern is established, restoration of the two
connector channels to the original design dimensions may not be necessary as long as the flow
through Nixon Channel does not induce erosion along the back side of Figure Eight Island and the
flow distribution into Green Channel is comparable to existing conditions. However, since
maintenance of the position and alignment of the bar channel is critical to the success of
Alternative 3, the shoaling and migration of the bar channel derived from the results of the
Delft3D model was used to formulate future maintenance requirements for Alternative 3.

Shoal Volume as a Percent of the Initial Construction Volume
100%

90%

B0%

T8

60%

50%

40%

30%

20%

Percent of the Initial Construction Volume

10%

1 2 3 4 5

Year after construction
= = Entrance Channel-2006 initial = Entrance Channel-2012 initial
Nixon Channel-2006 initial
= = Green Channel-2006 initial

Nixon Channel-2012 initial

Green Channel-2012 initial

= Entrance Channel Shoaling Threshold

Figure 3.5. Alternative 3 - Cumulative channel shoal volumes over the 5-year model simulation expressed as a
percent of the initial construction volume.
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Figure 3.5 indicates that based on the 2012 conditions, shoaling of the Entrance Channel would
approach the 60% shoaling threshold three years after initial construction. However, the rate of
shoaling, expressed as a percentage of the initial volume, moderated after year 3. For the 2006
conditions, the Entrance Channel did not reach the 60% shoaling threshold until almost 4 years.
The model also indicated the new bar channel could migrate out of the 450-foot corridor and
orient toward Hutaff Island sometime between year 4 and year 5 of the simulation (Appendix B).
Therefore, based on the estimated shoaling volumes and modeled behavior of the bar channel,
maintenance of the bar channel would be required about every 5 years.

Shoaling of the Green Channel connector occurred rapidly during the first two years of the
simulation for both conditions, as shown in Tables 3.3a and 3.3b and on Figure 3.5. This rapid
rate of shoaling was associated with erosion of the closure dike as the dike morphed into a
recurved sand spit off the south end of Hutaff Island. Once erosion of the sand dike moderated,
shoaling of the Green Channel connector stabilized with some slight scour occurring in the
channel during years 3 and 4 of the simulation with the 2012 conditions and only moderate
shoaling with the 2006 condition. The Nixon Channel connector shoaled at a relatively slow rate
throughout the 5-year simulation period with the total shoal volume at the end of year 5 equal to
less than 20% of the initial dredge volume for both the 2006 and 2012 conditions. As a result of
the slow rate of shoaling, flow through Nixon Channel was concentrated toward the middle of
Nixon Channel and away from the back side of Figure Eight Island for both conditions. The slow
rate of shoaling in the Nixon Channel connector and the moderation of shoaling in the Green
Channel connector after the first couple of years indicated the two channels had achieved some
equilibrium and would probably not need to be maintained.

Periodic Nourishment — Alternative 3.

Future maintenance of the channels would be limited to just the bar channel. For the 2006
conditions, the model indicated a 5 year shoal volume of 629,000 cy while the 2012 conditions
resulted in a shoal volume of 666,000 cy. Maintenance of the Nixon and Green Channel
connectors would be deferred until such time monitoring surveys find maintenance is required to
restore flow volumes or in the case of Nixon Channel, divert the flow away from the shoreline in
the critically eroding area.

The Delft3D model results for Alternative 3 were used to estimate volumetric changes along the
ocean shoreline of Figure Eight Island north of Bridge Road and along the southern 3,000 ft of
Hutaff Island. Details of the model results are provided in Appendix B and summarized in
Chapter 5. In general, the model indicated favorable performance of the beach fill between
baseline stations F90+00 and 60+00 for both the 2006 and 2012 conditions. Over the five year
simulation period, the model indicated volume losses between stations F90+00 and 60+00 would
only average 2,000 cy/year for the 2006 condition and 10,700 cy/year for the 2012 condition.
Based on this performance, periodic nourishment of the fill between stations F90+00 and 60+00
would only be required on an infrequent basis. As a result, the estimated periodic nourishment
requirement for the beach fill associated with Alternative 3 was based on nourishing the fill area
between baseline stations 60+00 and 105+00 on a regular basis. The future need to nourish the
area between stations F90+00 and 60+00, which should not be needed for at least 10 years or
more, would be determined from the results of beach profile monitoring surveys.
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The annual rate of erosion of the beach fill between stations 60+00 and 105+00 averaged 99,000
cy/year over the 5 year simulation period given the 2006 conditions and 81,000 cy/year for the
2012 condition. Based on the need to reposition the bar channel of Rich Inlet every five years, the
five year nourishment requirement for this area would be 495,000 cy under 2006 conditions and
405,000 cy for the 2012 condition. Nourishment of the Nixon Channel area would require about
30,000 cy which brings the total 5-year nourishment requirement to 525,000 cy for the 2006
condition and 435,000 cy for the 2012 condition.

Regardless of the periodic nourishment requirement for the beach fills, the long-term recovery of
the beach along the north end of Figure Eight Island is dependent on maintaining the bar channel
of Rich Inlet within the preferred inlet corridor. As noted above, the Delft3D model simulation of
Alternative 3 indicated the new entrance channel could migrate out of the 450-foot corridor and
orient toward Hutaff Island sometime between years 4 and 5 after initial construction.
Consequently, the new channels would probably have to be maintained approximately every five
years regardless of the nourishment needs along Figure Eight Island. The estimated volume of
material that would have to be removed every five years to maintain the entrance channel is
666,000 cy (Table 3.3b). Since the total nourishment requirement for the beach fill between
stations 60+00 and 105+00 on the ocean shoreline and beach fill along Nixon Channel is
estimated to be between 435,000 cy and 525,000 cy, the apparent excess of channel maintenance
material could be used to provide some advanced fill between stations 60+00 and 105+00 or
possibly distributed to beach areas south of station 60+00. Regardless, all of the material
removed to maintain the entrance channel would be deposited on Figure Eight Island.

Implementation Cost. Over the thirty year planning period, the total implementation cost for
Alternative 3, based on the April 2006 survey condition, would be about $61.8 million in current
dollars. This total cost includes $17.1 million for initial construction of the new channels, sand
dike, and beach fills and $44.7 million for maintaining the channel every 5 years with disposal of
the dredged material along both the ocean shoreline of Figure Eight Island north of Bridge Road
and along the Nixon Channel shoreline. The initial construction is expected to take approximately
2.5 months.

Over the thirty year planning period, the total implementation cost for Alternative 3, based on the
2012 survey condition, would be about $63.5 million in current dollars. This total cost includes
$17.3 million for initial construction of the new channels, sand dike, and beach fills and $46.2
million for maintaining the channel every 5 years with disposal of the dredged material along both
the ocean shoreline of Figure Eight Island north of Bridge Road and along the Nixon Channel
shoreline. The initial construction is expected to take approximately 2.5 months. See Appendix
B and Appendix G for more information regarding cost.

Alternative 4: Beach Nourishment without Inlet Management
This alternative involves the placement of fill material along the oceanfront and Nixon Channel
shorelines using several potential borrow sources, however it does not implement any inlet

management measures. A hydraulic cutter-suction pipeline dredge (pipeline dredge) would be
used for this alternatives. However, a hopper dredge with direct pumpout capabilities would
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likely be used to transport material to the beach from offshore borrow sites. The model evaluation
of the performance of the beach fill under Alternative 3 for both the 2006 and 2012 conditions
indicated the volume of material in the initial fill for Alternative 3 exceeded the volume needed to
protect upland development. Again, the beach fill volume for Alternative 3 was dictated by the
volume of material that would be removed to construct the new bar channel and the connectors
into Nixon and Green Channels. Accordingly, the fill density for Alternative 4 was reduced
relative to Alternative 3 with the fill densities and design berm widths for Alternative 4 provided
in Table 3.5. The layout of the beach fill for Alternative 4 is provided in Figures 3.6a-d.

Table 3.5. Alternative 4 beach fill placement volumes and design berm widths.

Shoreline Segment Placement VVolume | Design Berm Width
(Baseline Stations) (cy/lf) (ft)
F90+00 to F100+00 (transition) 0to 20 0to 17
F100+00 to 20+00 20 17
20+00 to 30+00 (transition) 20to 50 17 t0 43
30+00 to 60+00 50 43
60+00 to 70+00 (transition) 50 to 100 43 to 86
70+00 to 80+00 100 86
80+00 to 82+50 (transition) 100 to 200 86t0 172
82+50 to 100+00 200 172
100+00 to 105+00 (transition) 200t0 0 172100

The reduction in the fill density, particularly north of baseline station 60+00, was aimed at
reducing losses from the fill area due to diffusion, i.e., the horizontal spreading or transport of
material out of the placement area due to longshore sand transport.

For the April 2006 survey conditions, the total initial beach fill volume along the ocean shoreline
from Rich Inlet to just south of Bridge Road (station F90+00) for Alternative 4 would be 864,300
cy which includes 43,800 cy that would be used to construct a dune between stations 77+50 and
95+00 (sandbag area). For the March 2012 survey conditions, the total initial beach fill volume
along the ocean shoreline from Rich Inlet to just south of Bridge Road (station F90+00) for
Alternative 4 would be 911,300 cy which includes 43,800 cy that would be used to construct a
dune between stations 77+50 and 95+00 (sandbag area). If required by permit conditions, once
the beach fill is in place, the sandbags could be removed by manually tearing the fabric and
utilizing heavy machinery to extract the bag leaving the sand in place.

The beach fill along Nixon Channel would be the same as Alternative 3 or 57,000 cy resulting in a

total beach fill volume for Alternative 4 of 921,300 cy based on the 2006 survey conditions and
968,300 cy based on the 2012 survey conditions.
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Figure 3.6a Alteative 4: Nothern portion of beach fill; 2012 shoreline conditions.
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Figure 3.6b. Alternative 4: Southern portion of beach fill; 2012 shoreline conditions.
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Figure 3.6d. Alternative 4: Southern portion of beach fill; 2006 shoreline conditions.
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As discussed in Appendix B, the model simulation of Alternative 4 under both the 2006 and 2012
conditions indicated the beach fill would perform very well between baseline stations F90+00 and
60+00 and would not require periodic nourishment for the foreseeable future. However, losses
from the fill area between stations 60+00 and 105+00 of the beach under Alternative 4 were
relatively high and resulted in complete removal of the fill, including that placed above the -6-foot
NAVD contour, by the end of year 4 given the 2006 condition and by the end of year 5 for the
2012 condition. Theoretically, more material could be placed between stations 60+00 and 105+00
in an attempt to prolong the life of the fill, however, there is a point of diminishing returns due to
diffusion losses in which volume losses from the fill area increase exponentially with increased
fill volume and fill width. Therefore, in order to limit periodic nourishment volumes needed for
Alternative 4, a 4-year periodic nourishment interval was selected. Based on the model volume
changes, the 4-year periodic nourishment requirement for Alternative 4 between stations 60+00
and 105+00 would be 764,000 cy given the 2006 conditions and 508,000 cy under 2012
conditions. Given the likelihood that the Rich Inlet bar channel will assume an alignment toward
Hutaff Island in the near future and initiate another round of high erosion rates on the north end of
Figure Eight Island, future maintenance of a beach fill under Alternative 4 was based on
providing 764,000 cy every 4 years.

The identified borrow sources for Alternative 4 include the previously permitted area within
Nixon Channel as described in Alternative 1, three (3) potential borrow sources located between 3
and 4 miles directly offshore of Figure Eight Island and three (3) upland dredged material disposal
areas located next to the AIWW.

Nixon Channel. The six (6) dredging events carried out in
Nixon Channel since 1993 removed a total of 1,748,000

What is a Static Vegetation Line?

cy. The volume of material for each event was generally Under current Coastal Resources
limited to less than 300,000 by the Figure "8" Beach HOA Commission (CRC) rules, the

in order to avoid the establishment of a static vegetation seaward most line of stable

line. If dredging of the existing Nixon Channel permit vegetation existing immediately
area was not constrained by the static vegetation line rule, prior to the implementation of a
the volume of material that could have been removed large-scale beach nourishment

could have ranged between 400,000 and 500,000 cy every project is designated as a “static
4 or 5 years. Since the last maintenance dredging in Nixon  vegetation line” following fill

Channel occurred in 2011, at least 400,000 cy should be placement. The “static vegetation
available for use during initial construction of Alternative line” becomes the reference for

4. The balance of the material needed for initial establishing oceanfront setbacks in
construction and periodic nourishment would be obtained ~~ Perpetuity even if the vegetation line
from other borrow sources. R aard.

Offshore Borrow Areas. The potential offshore sand

sources were investigated by Dr. Cleary (Cleary, 2000 and Cleary, 2003) with the 2000
investigation focusing on potential sources inside the State 3-mile territorial limit and the 2003
investigation extending the search to 5 miles offshore. No appreciable sand resources were
located landward of the 3-mile limit, however, the three potential sites beyond the 3-mile limit
shown on Figure 3.7 each contain an estimated 4.6 million cy of material. No further geotechnical
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or geosurvey work has been conducted within the sites, so the extent of compatibility at each
borrow area has not been verified at this time.

Ly
-,

— e

2002 sidescan sonar
coverage

vis02
V4402
Lot o O
'\.6 --.____“

V3202 . V0202
0 w, O

______

- 0 0.5 1 Miles
 e——

Area lll 0 0.5 1 Kilometers
=

Figure 3.7. Potential offshore borrow areas identified by Dr. William Cleary.

AIWW dredged material disposal sites

Three (3) dredged material disposal sites are located adjacent to the AIWW behind Figure Eight
Island near the confluence of Nixon Channel with the AIWW. These three (3) northern disposal
sites shown on Figure 3.8 had been used in the past by the USACE for disposal of shoal material
removed from the confluence of Nixon Creek with the AIWW. The islands are relatively small
and have reached their maximum storage capacity with elevations ranging from 20 to 25 feet
NAVD.
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Figure 3.8. Location of AIWW dredged material disposal sites 1, 2, and 3.

The Figure "8" Beach HOA contracted with Criser, Troutman, Tanner Consulting Engineers

(CTT) to determine the quantity and quality of material stored in each of the disposal areas. The
investigation, conducted in 2010, included detailed topographic surveys, 9 to 12 core borings in

each disposal site, core logs, soil classification, and grain size analyses. An estimate of the
volume of material down to an elevation of -19 feet NAVD (-18 feet NGVD), the median grain
size, silt content, and calcium carbonate content for each disposal site is provided in Table 3.6.

Table 3.6. Characteristics of the AIWW dredged material disposal areas near Nixon Creek.

Disposal | Estimated Median Silt Calcium Carbonate
Area Volume Grain Size | Content® (%)
(cy) (mm) (%)
1 202,000 0.19 5.7 2.2
2 225,000 0.15 4.8 2.0
3 132,000 0.17 6.9 3.5

(@ Based on #200 sieve.
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The total volume of material contained in the three disposal sites is 559,000 cy. Adjusting this
total volume for silt content, approximately 527,000 cy of sandy material is stored in the three (3)
disposal sites. Due to the fact that dredge disposal material has been placed on one or more of
these sites since the 2010 geotechnical investigations performed by CTT, additional studies to
ensure compatibility may be required prior to using these sand sources on the oceanfront or Nixon
channel shoreline.

Borrow Area Selection for Alternative 4

Additional borrow sources were assessed for beach placement, but were eliminated from further
consideration. The elimination of these other source options for Alternative 4 is discussed in
Chapter 5. Of all the potential borrow sources outside Rich Inlet discussed above, the
maintenance dredging of the previously permitted area within Nixon Channel, the potential
offshore borrow areas identified by Dr. Cleary, and the three (3) northern AIWW disposal sites
would be suitable for nourishing the Figure Eight Island shoreline north of Bridge Road. Due to
the relative small volume available from the three (3) AIWW disposal sites, these sites would be
held in reserve and only used for periodic nourishment if the volume of material shoaling the
previously permitted area within Nixon Channel is insufficient to meet nourishment requirements
or other concerns over the removal of the material from Nixon Channel prevent its use. Also, the
relatively high rate of periodic nourishment for Alternative 4 indicated by the model results,
which exceeds the estimated shoaling rate of the previously permitted area in Nixon Channel,
would require the continued use of the offshore borrow sites in order to satisfy the nourishment
requirements.

The removal of material from borrow sources, with the exception of the upland sources and
disposal on both the Nixon Channel and ocean shoreline would be accomplished by an 18-inch or
smaller cutter-suction pipeline dredge. Material from the offshore borrow area would be
transported to the beach via a trailer-suction hopper dredge equipped with direct pumpout
capability. The dredge would attach to a mooring buoy positioned at two locations off Figure
Eight Island and pump the material to the beach through a submerged pipeline.

Periodic Nourishment — Alternative 4.

Based on the Delft3D model results for Alternative 4 under both the 2006 and 2012 conditions,
the beach fill between stations F90+00 and 60+00 would not require periodic nourishment on a
regular basis. North of baseline station 60+00, modeled losses from the fill over four years
totaled 704,000 cy under the 2006 condition and 520,000 cy for the 2012 condition. Periodic
nourishment of the beach fill in Nixon Channel would require approximately 24,000 cy every 4
years. Therefore, the total 4-year nourishment requirement for Alternative 4 would be 728,000 cy
given the 2006 conditions and 544,000 for the 2012 conditions.

Material for periodic nourishment under Alternative 4 would be derived from maintenance of the

previously permitted area in Nixon Channel and the offshore borrow areas. Based upon
documented shoaling rates in the Nixon Channel area, the previously permitted site should supply
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around 400,000 cy every 4 years. The balance of the periodic nourishment requirements would be
obtained from the offshore sites to satisfy the 4-year nourishment needs.

Implementation Cost. Over the thirty year planning period, the total implementation cost for
Alternative 4, based on the April 2006 survey conditions, would be about $84.9 million in current
dollars. This total cost includes $12.7 million for initial construction of the beach fills along the
ocean and Nixon Channel shorelines, $1.0 million for geotechnical investigations and permitting
offshore borrow area, and $71.2 million to nourish the beach fills every four (4) years. Over the
thirty year planning period, the total implementation cost for Alternative 4, based on the March
2012 survey conditions, would be about $69.0 million in current dollars. This total cost includes
$13.3 million for initial construction of the beach fills along the ocean and Nixon Channel
shorelines, $1.0 million for geotechnical investigations and permitting offshore borrow area, and
$54.7 million to nourish the beach fills every four (4) years. Initial construction is expected to
take approximately 4 months. The unit dredging cost per cubic yard for Alternative 4 would be
more costly compared to Alternative 3 due to the use of offshore borrow areas for both initial
construction and periodic beach nourishment. See Appendix B and Appendix G for more
information regarding cost.

Alternative 5: Beach Fill with Terminal Groin

Introduction. This option has (4) variations: Alternatives 5A, 5B, 5C, and 5D. Each one is being
considered as a separate alternative and was evaluated as such. For each alternative, a terminal
groin would be constructed on the north end of Figure Eight Island near the south shoulder of
Rich Inlet and the area immediately south of the terminal groin would be artificially filled to
create an accretion fillet. Periodic nourishment would be used to maintain the shoreline south of
the terminal groin to Bridge Road. A hydraulic cutter-suction pipeline dredge (pipeline dredge)
would be used for all options considered under this alternative (i.e., 5A, 5B, 5C and 5D). As
stated previously, all (4) options were modeled using the revised model set-up for the 2006/2007
inlet and shoreline conditions and only Alternative 5D was simulated using the 2012 inlet and
shoreline conditions. Although not modeled using the 2012 conditions, quantities and cost
estimates to construct Alternatives 5A, 5B, and 5C, given the 2012 conditions, were computed
using actual 2012 survey data. A summary of the four (4) alternatives are provided below with
details given in Appendix B, Sub-Appendix B, Sub-Appendix B-1, and Sub-Appendix B-2.

Terminal Groin Legislation. Prior to 2011, terminal groins and other so-called hard erosion
response structures were prohibited along the ocean shoreline of North Carolina by NC Division
of Coastal Management. During the 2011 legislation session, the North Carolina Legislature
passed Session Law 2011-387, Senate Bill 110, which allows consideration of terminal groins
adjacent to tidal inlets. The legislation limited the number of terminal groins to four (4) statewide
and included a number of provisions and conditions that must be met in order for the groins to be
approved and permitted.

A terminal groin, as defined by the above referenced legislation, is:
““a structure that is constructed on the side of an inlet at the terminus of an island
generally perpendicular to the shoreline to limit or control sediment passage into the
inlet channel”
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In 2013, the State Legislature passed the Coastal Policy Reform Act of 2013 (SL2013-384) that
modified some of the requirements included in the 2011 legislation. The major changes include:

(a) Elimination of the requirement to show an imminent erosion threat to structures and
infrastructure. Now the applicant only needs to demonstrate structures and
infrastructure are threatened.

(b) Eliminated the need to demonstrate that nonstructural measures, including relocation
of threatened structures, are impractical.

(c) The required inlet management plan “must be reasonable and not impose
requirements whose costs outweigh the benefits.”

(d) Eliminated the requirement of the applicant to fund restoration of public, private, or
public trust property if the groin has an adverse impact on the environment or
property.

(e) Provided more flexibility in providing financial assurances for maintenance and/or
removal of the terminal groin.

In 2015, Session Law 2015-241, HB 97 was passed and increased the number of terminal groin
structures in North Carolina that could be permitted from four to six. This legislation specified
that the two additional terminal groin permits may only be issued for structures located on the
sides of New River Inlet in Onslow County and Bogue Inlet in Carteret and Onslow County.

Terminal groins differ from jetties both in size and in intended function. Jetties are used to
stabilize navigation channels through tidal inlets by concentrating tidal flow in the navigation
channel and controlling the influx of sediment to the channel. Jetties are relatively long
structures that normally extend from the shoreline seaward to a depth comparable to the depth of
the navigation channel or at least to the outer lobe of the ebb tide delta of the inlet. Terminal
groins, by virtue of their relatively short length compared to a jetty, will only retain sediment
within a limited area immediately adjacent to the structure. This area is generally referred to as
an accretion fillet. Once the accretion fillet is fully formed, wave driven sediment transport will
move either through, over, or around the seaward end of the structure. The terminal groin
legislation allowing consideration of terminal groins in North Carolina requires the structure to
be accompanied by beach fill which would artificially create the accretion fillet.

In the May 2013 Draft EIS for the Figure Eight Island Shoreline and Inlet Management Project,
only Alternatives 5A and 5B were presented and both alternatives included the same terminal
groin design with a position and alignment shown schematically in Figure 3.9. These two
options remain unchanged from the Draft EIS. The difference in the two terminal groin
alternatives was primarily associated with the source of material that would be used to construct
beach fills along the ocean shoreline and the Nixon Channel shoreline and the size of the fill
along the ocean shoreline.

Alternative 5A included the construction of a channel that would extend from the previously
permitted area in Nixon Channel across the flood tide delta of Rich Inlet and connect to the
gorge of Rich Inlet. The purpose of the new channel was to divert flow in Nixon Channel away
from the back side of Figure Eight Island to reduce current induced erosion pressures in that
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area. The material removed to construct the channel would be used to construct a beach fill from
the terminal groin south to station F90+00, which is just south of Bridge Road. Some of the
material would also be used to construct a beach fill along the Nixon Channel shoreline on the
back side of Figure Eight Island.
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Figure 3.9. Terminal groin layout for all four (4) terminal groin alternatives on the north end of the island.

Alternative 5B has a much smaller beach fill on the ocean side that would extend from the
terminal groin south to station 60+00 (located near 322 Beach Road North). A beach fill of the
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same design as Alternative 5A would also be provided along the Nixon Channel shoreline.
Material to construct both beach fills would be obtained from maintenance of the previously
permitted area in Nixon Channel (Figure 3.1).

In addition to Alternatives 5A and 5B presented in the DEIS, the initial screening process
evaluated two (2) terminal groin lengths (1,600 feet and 2,100 feet), multiple channel sizes
associated with Alternative 5A, and the effectiveness of orienting the terminal groin along an
alignment rotated 10, 20, and 30 degrees toward Figure Eight Island. A discussion of these
preliminary terminal groin screening options is provided in Appendix B with model results
shown in Sub-Appendix B.

After the release of the Draft EIS, the Figure "8" Beach HOA determined the need to consider a
more northerly terminal groin location (approximately 420 feet north of 5A and 5B) and opted to
evaluate two (2) additional terminal groin options designated as Alternatives 5C and 5D as
shown in Figure 3.9. Their decision was based upon the potential complications in obtaining all
the necessary easements for constructing 5A and 5B, as some of the property owners on the
extreme north end of the island were concerned about the position and alignment of Alternatives
5A and 5B. This prompted the Figure "8" Beach HOA to agree to reconsider a new northerly
location for the structure, which initiated new Delft3D simulations for the terminal groin
structures.

For Alternatives 5C and 5D, the total length of the terminal groin is 1,300 feet and 1,500 feet,
respectively. Alternative 5C had a similar beach fill design as Alternative 5A (described below)
with the beach fill being constructed using material derived from excavation of the previously
permitted area in Nixon Channel and a new channel connecting Nixon Channel to the gorge of
Rich Inlet. The excavation in Nixon Channel and the new channel connector would be the same
as Alternative 5A. The beach fill along the ocean shoreline for Alternative 5D was similar to
Alternative 5B with material for the fill to be obtained from maintenance of the previously
permitted area in Nixon Channel.

A description of features of each of the terminal groin options (5A, 5B, 5C, and 5D) and a
discussion of the model results for each follows.

Structural Design of Terminal Groins.

The following description of the structural design of the terminal groins is applicable to all
terminal groin alternatives and is based on preliminary design considerations and the latest survey
information. These considerations are subject to change during the preparation of detailed plans
and specifications. The primary differences in the terminal groin designs between the various
alternatives are the lengths of the shore anchorage and rubblemound sections as well as the
position and alignment of the structures not with the type of material that would be used for their
construction or the construction methodology.

The shore anchorage portion of the terminal groins would be constructed with sheet pile, either

steel or concrete, and would have a top elevation of just below the elevation of the existing
ground. The shore anchorage section would begin near the Nixon Channel shoreline and extend
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seaward to approximately the location of the 2007 mean high water shoreline (Figure 3.10). In
general, the top elevation of the sheet pile will vary from +0.5 feet NAVD for the first 200 feet on
the landward end to +1.5 ft NAVD over the remaining portion of the shore anchorage section.
The top of the sheet pile over most of the shore anchorage section will be more than 0.5 ft below
the existing ground level. This will facilitate continuing hydrologic exchange during all phases of
the tidal cycle. Based on the April 2014 survey shown in Figure 3.10, the only portion of the
shore anchorage section that would have a top elevation near the existing ground would be an 80-
foot section located between 220 and 300 feet from the baseline measured along the centerline of
the terminal groin.

The sheet pile section will begin near the Nixon Channel shoreline and end near the position of
the 2007 mean high water line. To account for possible scour around the landward end of the
shore anchorage section, a 10-foot wide rubble scour protection apron would be installed along
both sides of the landward most 100 feet of the anchorage section. The toe apron would be
installed at a depth of approximately -2 ft NAVD and would require the excavation of
approximately 300 cy. Material excavated for the toe apron would be used to bury the toe
protection stone following placement.

The total square feet of sheet pile will vary depending on the length of the shore anchorage
section. The present preliminary design for the sheet pile would penetrate to a depth of -21 feet
NAVD. Detailed design considerations would include soil borings along the alignment of the
proposed structure to obtain soil characteristics as well as assumptions with regard to possible
future positions of the south shoulder of Rich Inlet relative to the sheet piles. The assumed
position of the south shoulder of the inlet would dictate soil and water loadings on the piles and
hence dictate how deep the piles would need to be driven for stability.

The portion of the terminal groins extending seaward of the 2007 mean high water shoreline
would be constructed with loose armor stone placed on top of a foundation mat or mattress. The
top elevation of the rubblemound structure would not exceed +6.0 feet NAVD which is an
elevation roughly equivalent to the elevation of the natural beach berm near Rich Inlet. Again,
the final design of the rubblemound portion of the structure is subject to change given conditions
near the time of actual construction.

The loose nature of the armor stone would be designed to facilitate the movement of littoral
material through the structure. A typical profile of the terminal groin is shown on Figure 3.10.
Figure 3.10 also shows the ground elevation along the centerline of the structure surveyed in
April 2014 and the April 2007 profile taken at station 105+00 which was used as the basis of the
terminal groin design. A typical cross-section of the rubblemound portion is shown in Figure
3.11.

As shown on Figure 3.11, the rubblemound section of the structure would include a 25-foot wide
scour protection apron along the inlet side to protect the structure against undermining should the
channel through Rich Inlet migrate next to the structure. Construction of the seaward portion of
the terminal groin would require excavation of a trench approximately 75 to 80 feet wide at a
depth of -5.5 ft NAVD. The excavated material would be returned to the trench, partially
burying the structure, once construction is complete.
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The concept design for the terminal groin presented here is intended to allow littoral sand
transport to move over, around, and through the structure once the accretion fillet south of the
terminal groin is artificially filled. This would be accomplished by setting the maximum crest
elevation of the terminal groin to +6 feet NAVD, which is an elevation equal to approximately
the natural berm elevation, and constructing the structure with large voids between adjacent
stones. The relatively short length of the terminal groins seaward of the 2007 mean high water
shoreline would also facilitate movement of sediment around the seaward end of the structures.
The seaward 200 feet to 250 feet of the structure should be visible at all stages of the tide from
both sides of the structure, however, the remaining portions of the structure would be buried
below ground and would not be visible from the south side. While the north side of the
rubblemound section may project a foot or two above ground, during normal weather conditions,
wind-blown sand is expected to accumulate along the north side of the structure partially burying
the exposed section.

Navigation aids to mark the location of the terminal groin, particularly its seaward end, will
conform to the requirements of the US Coast Guard.

The shore anchorage section would be completely below ground and would not be visible. The
only time the shore anchorage section could be visible would be in the unlikely event the entire
north end of the island is eroded back to the position of the sheet piles.

Typical Terminal Groin Profile
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Figure 3.10. Typical Profile of terminal groins.
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Figure 3.11. Typical terminal groin cross-section.

Terminal Groin Construction Methodology. The exact method used to construct the terminal
groin would be left to the discretion of the construction contractor; however, the contractor would
have to abide by defined construction corridors, shown in Figure 3.12, approved access locations,
staging areas, permitted construction timeframes, and other restrictions that would limit adverse
environmental impacts directly associated with the construction activity as defined below.

The stone required to construct the terminal groin would be transported via rail from commercial
quarries to Wilmington Harbor where it would be offloaded onto barges and transported to the
north end of Figure Eight Island via the Cape Fear River, Snows Cut, the AIWW, and Nixon
Channel. A temporary offloading pier, a possible location of which is shown in Figure 3.12,
could be constructed from the shoreline near the landward end of the terminal groin and extend
northwestward into deep water in Nixon Channel. Note that during the time of actual
construction, the contractor may be able to maneuver the stone barges close enough to shore to
offload the stone directly to the shore without having to construct the temporary pier. The stone
would be offloaded directly from the barges onto trucks which would transport the stone to the
terminal groin site. Should the use of Beach Road North be permissible to transport stone to the
terminal groin site, this option may be utilized by the contractor as well.
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The sheet pile for the landward portion of the terminal groin would be transported directly to the
site by truck from where it would be offloaded and driven into place with typical pile driving
equipment.

A construction corridor of 100 ft on both sides of the terminal groin centerline would be
established in all areas except portions of the shore anchorage section where the width of the
corridor would be reduced to 50 ft and would only encompass the southeastern side of the
centerline of the structure (Figure 3.12). This narrower construction corridor would apply to
about 300 feet of the shore anchorage section that passes through jurisdictional wetlands on the
north end of Figure Eight Island. A 75 to 80-ft wide trench would be excavated down to a depth
of -5.5 ft NAVD along the seaward portion of the construction corridor to accommodate the
rubblemound section of the terminal groin. Backhoes or large cranes would be used to excavate
the trench. Excavation of the trench would involve the temporary removal of 8,000 cy. The
excavated material would be temporarily stockpiled next to the trench within the construction
corridor. The excavated material will be replaced around and on top of the terminal groin during
the final construction stages.

A 1.5-foot thick foundation blanket consisting of stones ranging in size from 4 inches to 12 inches
would be spread over the bottom of the trench. The foundation blanket could be replaced by a
stoned-filled articulated mattress once the construction moves into open waters. This would be
followed by the placement of armor stone directly on top of the foundation blanket in the form of
a trapezoidal mound with side slopes of 1V:2H. The size of the armor stone used for the
rubblemound portion of the structure would range from 7.5 tons to 12.5 tons.

For the section of the groin that would be constructed on dry land, trucks would carry the stone to
the crane over land while staying within the construction corridor. Once the groin projects into
the water, the stones would be delivered to the crane by the trucks traveling down the top of the
groin or, if conditions allowed, delivery of the stones via barge may be possible. As another
option, the construction contractor could elect to construct a temporary pier adjacent to the
terminal groin and place the stone directly from the trucks.

The construction corridor would be restored to pre-construction conditions as much as possible by
grading any disturbed land and replanting with native vegetation.
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Figure 3.12. Footprint of the terminal groin, construction corridor, and offloading pier for Alternative 5D.
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Alternative 5A: Terminal Groin with Beach Fill from Nixon Channel and a New Connector
Channel

A 1,600-foot long terminal groin would be constructed at the extreme north end of Figure Eight
Island to control both wave and tidal current induced shoreline changes immediately south of
Rich Inlet (Figure 3.13a). The terminal groin would include a 900-foot shore anchorage section
constructed with either steel or concrete sheet pile. The landward 100 feet of the shore anchorage
section would include a 10-foot wide stone scour protection mat on both sides of the sheet pile.
The purpose of the shore anchorage section is to protect against possible flanking of the landward
end of the structure. In this regard, flanking is defined as erosion around the landward end of a
structure which ultimately exposes the normally “dry” side of the structure to the water. The
seaward portion of the structure would extend 700 feet seaward of the 2007 mean high water
shoreline and would be constructed with loosely placed stone to facilitate the movement of sand
through the structure.

Alternative 5A includes the construction of a new channel that would connect the previously
permitted area within Nixon Channel with the inlet gorge (Figure 3.13a). The purpose of the new
channel connector is to concentrate ebb flows away from the eroding portion of the Nixon
Channel shoreline. Preliminary Delft3D model runs and engineering analysis were conducted to
determine the optimal dredge options within Nixon Channel and the connector channel. All of the
preliminary model runs were based on 2006 conditions; however, initial dredge quantities were
computed using both the 2006 and 2012 survey data. These dredging options included:

e Option 1 - 660-740 foot wide connecting cut.
e Option 2 — 600 foot wide connecting cut.
e Option 3 —395-416 foot wide connecting cut.

Engineering analysis determined that dredging Option 2 would provide the desired level of flow
control by keeping concentrated flows away from the Nixon Channel shoreline. In addition, the
model results found Option 2 would be conducive to navigation by maintaining a depth of at least
-10 feet NAVD at the seaward end of Nixon Channel over the 5-year simulation period.
Construction of the new channel connector and reestablishing the permitted dimensions in Nixon
Channel would involve the total excavation of 994,400 cy based on the April 2006 survey
condition and 1,077,100 cy based on the 2012 survey. Based on the 2006 survey, 319,600 cy
would come from the existing Nixon Channel permit area and the remaining 675,300 cy
excavated to construct the new channel connector. For the 2012 survey condition, 375,200 cy
would come from the existing Nixon Channel permit area and the remaining 701,900 cy
excavated to construct the new channel connector.

An estimated 29,700 cy of the channel material is clay and would be deposited in an upland
disposal site. This would leave 964,700 cy of sandy or beach quality material based on the 2006
survey conditions and 1,047,400 cy or beach quality material based on the 2012 survey. For both
the 2006 and 2012 conditions, the beach fill along the Nixon Channel shoreline would require
57,000 cy leaving 907,700 cy for the ocean shoreline based on the 2006 conditions and 990,400
cy based on the 2012 conditions.
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The material removed to construct the new channel connector into Nixon Channel and
reestablish the dimensions of the previously permitted area within Nixon Channel would be used
to construct a beach fill in the same two areas as Alternatives 3 and 4, i.e., one fronting Nixon
Channel and a second covering the ocean shoreline from Beachbay Lane (F90+00) to the
terminal groin located at station 100+00. Dune fill would also be included in the area from
stations 77+50 to 95+00. Excavation of the material from the Nixon Channel and construction
of the new connector into Nixon Channel could be accomplished by a 20-inch or smaller cutter-
suction pipeline dredge.

The beach fill design along the ocean shoreline for Alternative 5A was based on the optimal
distribution of the 964,700 cy and 1,047,400 cy of beach quality material that would be removed
based on the 2006 and 2012 surveys, respectively, to construct the new channel connector and
maintain the previously permitted area within Nixon Channel. The volume of fill material placed
along the 1,400-foot shoreline along Nixon Channel would be 57,000 cy which is the same as
Alternatives 3 and 4 and will be tapered to terminate prior to the tidal creek which drains the
marsh area on the north end of the island. The volume of fill needed for Nixon Channel was the
same for both the 2006 and 2012 conditions. The distribution of balance of the material along the
ocean shoreline would concentrate more of the fill in the area immediately south of the terminal
groin in the area generally referred to as an accretion fillet. Also, no fill would be placed north of
the terminal groin. The design berm widths and beach fill placement densities along the ocean
shoreline for the 2006 and 2012 conditions are provided in Tables 3.7a and 3.7b, respectively.

An artificial dune similar to Alternatives 3 and 4 would be provided in the existing sandbag area
between stations 77+50 and 95+00. If required by permit conditions, the sandbags could be
removed upon completion of the beach fill by manually tearing the fabric and utilizing heavy
machinery to extract the bag leaving the sand in place.

The plan layout for Alternative 5A, which is applicable for both the 2006 and 2012 conditions, is
shown in Figures 3.13a-d.

Table 3.7a. Alternative 5A beach fill design (based on 2006 condition).

Shoreline Segment Design Berm Fill Volumes (cy/lf)

(Baseline Stations) Width (ft) Berm Dune Total

Terminal groin (100+00) to 95+00 91 106 0 106
95+00 to 75+00 91 106 2110 23 127 to 129

75+00 to 50+00 74 106 0 106
50+00 to 40+00 (transition) 7410 28 106 to 40 0 106 to 40

40+00 to F100+00 28 40 0 40
F100+00 to F90+00 (transition) 28t0 0 40to 0 0 40to 0
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Table 3.7b. Alternative 5A beach fill design (based on 2012 condition).

Fill Volumes (cy/If)

Shoreline Segment Design Berm

(Baseline Stations) Width (ft) Berm Dune Total

Terminal groin (100+00) to 95+00 99 115 0 115
95+00 to 75+00 99 115 21t0 23 136 to 138

75+00 to 50+00 99 115 0 115
50+00 to 40+00 (transition) 99 to 37 115t0 43 0 11510 43

40+00 to F100+00 37 43 0 43
F100+00 to F90+00 (transition) 37t00 43t00 0 43t00
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Figure 3.13a. Plan view of northern portion of Alternative 5A; 2012 shoreline conditions.
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Figure 3.13b. Plan view of southern portion of Alternative 5A; 2012 shoreline conditions.
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Figure 3.13c. Plan view of northern portion of Alternative 5A; 2006 shoreline conditions.
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Figure 3.13d. Plan view of southern portion of Alternative 5A; 2006 shoreline conditions.
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Channel Maintenance Requirements.

Based on the results of the Delft3D model simulation for Alternative 5A, the rate of shoaling of
the previously permitted area was fairly steady during the five-year simulation while the proposed
channel connector experienced rapid shoaling over the first two years. Shoaling of the proposed
connector moderated between years 3 and 4 of the simulation with the model predicting some
possible scour during the last year of the simulation. Based on the model results using the 2006
conditions, the 5-year channel maintenance requirement would be 487,000 cy. While Alternative
5A was not simulated using the 2012 conditions, maintenance of the channel in Nixon Channel
would be comparable to that indicated by the model for the 2006 conditions.

Periodic Nourishment — Alternative 5A.

The beach area between stations F90+00 and 30+00 accreted during the 5-year simulation and
would not require periodic nourishment. Using the 2006 conditions only, the computed volume
losses from the fill between stations 30+00 and 100+00 averaged 85,000 cy/year over the 5-year
simulation period. Assuming periodic maintenance of the previously permitted area in Nixon
Channel and the proposed connecting channel is accomplished every five years, the nourishment
requirement for the ocean shoreline would be 425,000 cy. Nourishment of the Nixon Channel fill
area would also require 30,000 cy as with the other alternatives bringing the total five year
nourishment requirement to 455,000 cy.

Material for periodic nourishment of Alternative 5A would be derived from maintenance of the

previously permitted area in Nixon Channel and the new channel connecting Nixon Channel to

the inlet gorge. The maintenance dredging would be performed by an 18-inch or smaller cutter-
suction pipeline dredge.

The channel maintenance requirement of 487,000 cy every 5 years or 97,400 cy/year is
approximately equal to the average annual amount of material removed to maintain the previously
permitted area since 1993. As mentioned above, maintenance of the previously permitted area
removed about 1.75 million cy between 1993 and 2011 which is equivalent to an annual rate of
about 97,000 cy/year. Therefore, based on both actual experience and model predictions,
maintenance of the previously permitted area in Nixon Channel and the new connector channel
should be sufficient to satisfy periodic beach nourishment requirements for Alternative 5A.

Implementation Cost. The costs for implementing Alternative 5A are summarized below.
Detailed cost estimates for Alternative 5A, as well as cost estimates for the other alternatives
discussed in this Chapter, are provided in Appendix B and Appendix G.

Construction costs for Alternative 5A would include the cost of constructing the new channel
from the inlet gorge into Nixon Channel with the disposal of that material along 1,400 feet of the
Nixon Channel shoreline and along the ocean shoreline north of Bridge Road plus the cost of
constructing the terminal groin. Construction of the new channel would involve the removal of
1,077,100 cy given the 2012 conditions and 994,400 for the 2006 conditions. As presented above,
the terminal groin would be constructed with both sheet pile and rubblemound.
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The initial construction cost of the terminal groin is estimated to be $4,836,000 which includes
engineering and design and construction oversight. Maintenance of the terminal groin would
depend on the number of times the design conditions for the structure would be exceeded over the
30-year planning period. Since this cannot be predicted with any degree of certainty, maintenance
of the structure was based on an assumption that an average of 1% of the armor stone would have
to be replaced every year. Given this assumption, maintenance of the Alternative 5A terminal
groin would average $25,000 per year. Note this does not mean maintenance of the structure
would be needed every year. Over the course of the 30-year evaluation period, maintenance of
the structure may only be needed two or three times with the average annual equivalent cost of
these future repairs equal to $25,000 per year.

Construction of the beach fills along Nixon Channel and the ocean shoreline and the dredging of
Nixon Channel and the new channel to the inlet gorge would cost $8,984,000 based on the 2006
conditions and $9,617,000 based on the 2012 conditions. The total initial construction cost of
Alternative 5A would be $13,820,000 for the 2006 conditions and $14,453,000 for the 2012
conditions.

Excavation of the material from Nixon Channel and the new channel connector would take about
4 months. ldeally, construction of the terminal groin would take place following completion of
the beach fill; however, this is not a requirement as the rubblemound section could be installed
either before or after initial beach fill placement. However, construction of the terminal groin
following beach fill placement could be advantageous in terms of construction cost as most of the
terminal groin could be constructed using land-based equipment. Overall, the total construction
time for Alternative 5A is expected to take between 6 and 6.5 months.

Periodic nourishment of the beach fills in Nixon Channel and the ocean shoreline using material
obtained from maintenance of the existing Nixon Channel permit area would cost $4,856,000
every five years.

The average annual equivalent cost for constructing and maintaining Alternative 5A, which was
computed using a 6% discount rate over the 30-year planning period, would be $1,890,000 for the
2006 conditions and 1,936,000 for the 2012 conditions. Over the 30-year planning period, the
total implementation cost for Alternative 5A in current dollars would range from $43.68 million
for the 2006 condition to $44.31 million for the 2012 condition. See Appendix B and Appendix
G for more information regarding cost.

Alternative 5B: Terminal Groin with Beach Fill from Nixon Channel and Other Sources

For Alternative 5B, the terminal groin would have the same design as that described for
Alternative 5A as would the beach fill along Nixon Channel. With regard to the beach fill along
the ocean shoreline, analysis of the Delft3D model results for Alternative 5A indicated the initial
beach fill was excessive, particularly along the segment of the beach south of station 80+00.
Also, the segment of the shoreline between stations F90+00 and 30+00 accreted while the area
between stations 30+00 and 60+00 experienced very minor losses. Again, the beach fill design
associated with Alternative 5A was based on the optimal utilization of the material removed to
construct the new channel connector from the inlet gorge into Nixon Channel not on the beach
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fill volume needed to offset shoreline erosion tendencies. Therefore, the beach fill for
Alternative 5B was designed to address erosion protection needs along the northern portion of
Figure Eight Island.

The beach fill for Alternative 5B was limited to the area between station 60+00 (approximately
322 Beach Road North) and the terminal groin (station 100+00) since the Delft3D simulation for
Alternative 5A indicated the shoreline south of station 60+00 would either be stable or only
experience minor volume losses that would not require periodic nourishment on a regular basis.
Details of the Delft3D model results for Alternative 5B are provided in Appendix B. The
placement rates and design berm widths for the Alternative 5B beach fill are given in Table 3.8
with the plan layout provided in Figures 3.14a and 3.14b. The beach fill design for Alternative
5B would be the same for both the 2006 and 2012 survey conditions. The beach fill for
Alternative 5B would not include an artificial dune in the areas presently fronted by sandbags.
The total volume of beach fill along the ocean shoreline would be 197,500 cy. The Nixon
Channel beach fill would require 57,000 cy bringing the total beach fill volume to 254,500 cy.

The material to construct the beach fill for Alternative 5B would be derived from maintenance of
the previously permitted area in Nixon Channel. Based on past maintenance operations in the
previously permitted area of Nixon Channel and anticipated shoaling rates indicated by the
Delft3D simulations, the volume of material available from the previously permitted area would
satisfy the volumetric requirements for Alternative 5B. The beach compatible material contained
in the three (3) northern upland disposal areas (discussed under Alternative 4) would serve as
contingency sediment sources. These sources would be used in the event shoaling of the
previously permitted area in Nixon Channel is not sufficient to satisfy periodic beach
nourishment needs and/or if Figure Eight Island needs additional material to respond to storm
damage.

Construction of the beach fill could be accomplished with a 16-inch to 18-inch cutter-suction
pipeline dredge which are similar to the ones that perform routine maintenance in the AIWW.

Table 3.8. Alternative 5B beach fill placement volumes and design berm widths under both 2006 and 2012
conditions.

Shoreline Segment Placement Volume | Design Berm Width
(Baseline Stations) (cyl/lf) (ft)
Terminal groin (100+00) to 80+00 80 69

80+00 to 72+50 (transition) 80 to 20 69 to 17
72+50 to 70+00 20 17

70+00 to 60+00 (transition) 20to 0 17t0 0

Periodic Nourishment — Alternative 5B.

Simulation of Alternative 5B in the Delft3D model indicated the beach fill area (station 60+00 to
the terminal groin) would lose an average of 51,000 cy/year over the 5-year simulation period
using both 2006 and 2012 survey conditions. As was the case for Alternative 5A, the segment
south of stations 60+00 to F90+00 was stable to accretionary with the area actually gaining
material at a rate of 50,000 cy/year.
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Beginning in year 4 of the simulation and continuing into year 5, erosion began to affect the pre-
nourishment profile primarily north of station 80+00. Given these model results under both 2006
and 2012 conditions, periodic nourishment of the beach fill under Alternative 5B would be
needed about every 5 years. Based on the model indicated loss rate of 51,000 cy/year, the 5-year
periodic nourishment requirement would be 255,000 cy. The beach fill along the Nixon Channel
shoreline would again require 30,000 cy every five years resulting in a total 5-year periodic
nourishment requirement for both fills of 285,000 cy.

The maintenance dredging would be performed by a 16-inch to 20-inch cutter-suction pipeline

dredge, which is the same size dredge that would be used for initial construction of the Alternative
5B beach fill.
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Figure 3.14a. Plan View of Alternative 5B; 2012 shoreline conditions.
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Figure 3.14b. Plan View of Alternative 5B; 2006 shoreline conditions.
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Implementation Cost. Initial construction costs for the terminal groin would be $4,836,000 which
is the same as Alternative 5A. The initial costs of the beach fills along the Nixon Channel and
ocean shoreline using material from the Nixon Channel permit area would be $2,607,000
resulting in a total cost for initial construction (beach fills and terminal groin) of $7,443,000.

The costs for Alternative 5B would be the same for both the 2006 and 2012 survey conditions.
The construction time of the terminal groin would be the same as Alternative 5A, however,
construction of the beach fill would only require about 1.5 months. The total construction time
for Alternative 5B could range from 4 to 5 months.

Maintenance of the terminal groin would average $25,000 per year which is the same as
Alternative 5A. Maintenance of the previously permitted area in Nixon Channel with disposal of
the material along Nixon Channel shoreline and the ocean shoreline would cost $2,764,000 every
5 years. Over the 30-year planning period, the total cost for Alternative 5B in current dollars
would be about $24.76 million.

The equivalent average annual cost for Alternative 5B, computed with a discount rate of 6% over
an amortization period of 30 years is $1,056,000. See Appendix B and Appendix G for more
information regarding cost.

Alternative 5C: Terminal Groin at a More Northerly Location with Beach Fill from Nixon
Channel and a New Connector Channel

Alternative 5C includes a 1,300-foot terminal groin located near baseline station 105+00 or in the
more northerly position relative to Alternatives 5A and 5B as shown in Figure 3.9. The terminal
groin would include a 995-foot shore anchorage section extending landward of the 2007 mean
high water shoreline and a 305-foot section extending seaward of the 2007 mean high water
shoreline. The shore anchorage section would be constructed with sheet pile (steel or concrete)
while the seaward section would be of rubblemound construction. The landward 100 feet of the
shore anchorage section would include a 10-foot wide scour protection mat on both sides of the
sheet pile. The beach fill for Alternative 5C would have a similar design as the fill described for
Alternative 5A with material to construct the beach fill also being derived from the same source
as described under Alternative 5A, i.e., the previously permitted area in Nixon Channel and a new
channel connecting Nixon Channel with the gorge of Rich Inlet.

Excavation of the previously permitted area in Nixon Channel and the new channel connecting
Nixon Channel with the gorge of Rich Inlet would involve the removal of 994,400 cy based on
the 2006 conditions and 1,077,100 cy based on the 2012 condition. An estimated 29,700 cy of the
channel material is clay and would be deposited in an upland disposal site. This would leave
964,700 cy of sandy or beach quality material based on the 2006 survey conditions and 1,047,400
cy or beach quality material based on the 2012 survey. For both the 2006 and 2012 conditions,
the beach fill along the Nixon Channel shoreline would require 57,000 cy leaving 907,700 cy for
the ocean shoreline based on the 2006 conditions and 990,400 cy based on the 2012 conditions.

Given the two possible dredge volumes from Nixon Channel and the new channel connector

based on the 2006 and 2012 conditions, two possible beach fill plans were developed with the
berms widths and fill distributions for each provided in Table 3.9a for the 2006 condition and

87



Figure Eight Island Shoreline Management Project FEIS

Table 3.9b for the 2012 condition. The plan layout for Alternative 5C is shown in Figures 3.15a-

d.

Table 3.9a. Alternative 5C beach fill placement volumes and design berm widths based on 2006 conditions.

Fill Volumes (cy/If)

Shoreline Segment Design Berm
(Baseline Stations) Width (ft) Berm Dune Total
Terminal groin (105 +00) to 95+00 91 106 0 106
95+00 to 75+00 91 106 21to0 23 127 to 129
75+00 to 50+00 91 106 0 106
50+00 to 40+00 (transition) 91to 34 106 to 40 0 106 to 40
40+00 to F100+00 34 40 0 40
F100+00 to F90+00 (transition) 34t00 40t0 0 0 40to 0

Table 3.9b. Alternative 5C beach fill placement volumes and design berm widths based on 2012 conditions.

Fill Volumes (cy/If)

Shoreline Segment Design Berm
(Baseline Stations) Width (ft) Berm Dune Total
Terminal groin (105 +00) to 95+00 99 115 0 114.9
95+00 to 75+00 99 115 2110 23 136 to 138
75+00 to 50+00 99 115 0 115
50+00 to 40+00 (transition) 99 to 37 115t0 43 0 11510 43
40+00 to F100+00 37 43 0 43
F100+00 to F90+00 (transition) 37t00 43 0 43t00

Periodic Nourishment — Alternative 5C.

The 5-year simulation of Alternative 5C in the Delft3D model, under both 2006 and 2012
conditions, indicated the beach area between stations F90+00 and 30+00 would accrete while the
segment between stations 30+00 and 60+00 would only experience minor losses and would not
require periodic nourishment. As a result, periodic nourishment for Alternative 5C would be
required primarily between stations 60+00 and 105+00. Even though model results indicate the
area south of station 60+00 may not need periodic nourishment that area would continue to be
monitored and nourishment provided if future conditions warrant. The Delft3D model simulated
losses from the section of the shoreline between station 60+00 and the terminal groin (station
105+00) averaged 93,000 cy/year over the 5-year simulation period. Assuming periodic
maintenance of the previously permitted area in Nixon Channel and the proposed connecting
channel is accomplished every five years, the nourishment requirement for the ocean shoreline
would be 465,000 cy. Nourishment of the Nixon Channel fill area would also require 30,000 cy
as with the other alternatives bringing the total five year nourishment requirement to 495,000 cy.
Details of the Delft3D model results for Alternative 5C are provided in Appendix B.

Material for periodic nourishment of Alternative 5C would be derived from maintenance of the
previously permitted area in Nixon Channel and the new channel connecting Nixon Channel to
the inlet gorge. The maintenance dredging would be performed by an 18-inch or smaller cutter-

suction pipeline dredge.

Based on the Delft3D simulations, shoaling of Nixon Channel and the new channel connector
over the 5-year simulation period totaled 487,000 cy, or 97,400 cy/year, whereas the total periodic
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nourishment requirement for Alternative 5C is estimated to be 495,000 cy every 5 years, or
99,000 cy/year. As mentioned above, maintenance of the previously permitted area in Nixon
Channel removed about 1.75 million cy between 1993 and 2011 which is equivalent to an annual
rate of about 97,200 cy/year. Even though the shoaling in the Nixon Channel borrow area over 5
years indicated by the Delft3D model is 8,000 cubic yards less than the periodic nourishment
needed for both the ocean shoreline and the Nixon Channel, past operations did not include the
new connector channel. Therefore, a reasonable assumption is that maintenance dredging in
Nixon Channel and the new channel connector would be sufficient to satisfy periodic beach
nourishment requirements for Alternative 5C.
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Figure 3.15b. Plan View of the southern portion of Alternative 5C; 2012 shoreline conditions.
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Figure 3.15c. Plan View of the northern portion of Alternative 5C; 2006 shoreline conditions.
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Implementation Cost. Construction costs for Alternative 5C would include the cost of
constructing the new channel from the inlet gorge into Nixon Channel with the disposal of that
material along 1,400 feet of the Nixon Channel shoreline and along the ocean shoreline north of
Bridge Road plus the cost of constructing the terminal groin. Removal of material from the
previously permitted area in Nixon Channel and construction of the new channel connector would
involve the removal of 994,400 cy based on the 2006 survey and 1,077,100 cy given the 2012
survey. Excavation of the material from Nixon Channel and the new channel connector and
construction of the two beach fills would be $8,984,000 based on the 2006 conditions and
$9,617,000 based on the 2012 conditions.

The initial construction cost of the 1,300-foot terminal groin for Alternative 5C is estimated to be
$3,410,000 which includes engineering and design and construction oversight. The total initial
construction cost of Alternative 5C given the 2006 survey condition would be $12,394,000. For
the 2012 condition, the total initial construction cost would be $13,026,000. The initial
construction of Alternative 5C is expected to take approximately 4.5 months.

Periodic nourishment of the beach fills in Nixon Channel and the ocean shoreline using material
obtained from maintenance of the existing Nixon Channel permit area as well as the new channel
connector would cost $5,162,000 every five years. Maintenance of the rubblemound portion of
the terminal groin could average $15,000/year.

The average annual equivalent cost for constructing and maintaining Alternative 5C would be
$1,831,000 based on the 2006 conditions and $1,877,000 for the 2012 conditions. Over the 30-
year planning period, the total implementation cost for Alternative 5C in current dollars would be
about $43.80 million for the 2006 condition and $44.43 million for the 2012 condition. See
Appendix B and Appendix G for information regarding cost.

Alternative 5D (Applicant’s Preferred Alternative): Terminal Groin at a More Northerly
Location with Beach Fill from Nixon Channel and Other Sources

Alternative 5D, as shown in Figure 3.9, includes a terminal groin at the exact northerly location
as Alternative 5C and the same beach fill along Nixon Channel as Alternatives 5A, 5B, and 5C.
The beach fill along the ocean shoreline would be similar to Alternative 5B, however, with the
terminal groin positioned farther north compared to Alternative 5B, the length of the fill would
be about 500 feet longer, extending from baseline station 60+00 to the terminal groin which
would be positioned near baseline station 105+00. The volume of material needed to construct
the beach fill along the ocean shoreline would be 237,500 cy with 57,000 cy needed along the
Nixon Channel shoreline resulting in a total beach fill volume of 294,500 cy for Alternative 5D.
The volume of fill needed for both the ocean shoreline and the Nixon Channel shoreline would
be the same for both the 2006 and 2012 conditions.

The cost for implementing Alternative 5D is not affected by the conditions in Nixon Channel or
along the ocean and Nixon Channel shoreline as both the 2006 and 2012 conditions in Nixon
Channel could supply the volume of material needed to construct the two fills. In this regard, the
beach fill designs are based on providing a given volume of material per linear foot of shoreline
regardless of the condition of the beach.
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Two terminal groin lengths were evaluated for Alternative 5D, one having the same length as
Alternative 5C (1,300 feet) and the other 200-feet longer (1,500 feet). Based on the Delft3D
model results, which are presented in Appendix B, volume losses from the beach fill with the
1,300-foot terminal groin occurred rather rapidly with only 6% of the fill placed above the
-6-foot NAVD depth contour remaining at the end of the 5-year simulation. Over the whole
active profile, that is from the berm crest seaward to the depth of closure (-24 ft NAVD), the
entire fill was removed by the end of year 3. For the 1,500-foot structure and the same beach fill
design as used in the evaluation of the 1,300-foot structure, the Delft3D model indicated the
longer terminal groin was able to retain 27.5% of the fill placed above the -6-foot NAVD depth
contour through year 5 of the simulation given the 2006 conditions and 52.3% for the 2012
conditions. The improved performance of the fill with the 1,500-foot terminal groin, particularly
above the -6 foot NAVD depth contour, resulted in the selection of the 1,500-foot terminal groin
for Alternative 5D.

The primary difference between the performance of the 1,300-foot structure used for Alternative
5C and the 1,500-foot structure selected for Alternative 5D was associated with beach fill
amounts included with Alternative 5C. That is, due to the overfilling of the beach profile, the
beach fill was able to absorb high rates of losses and still prevent encroachment into the pre-
nourished profile over the 5-year simulation period. Based on the model results, by adding 200
feet to the length of the terminal groin, the volume of material for the beach fill was reduced from
932,100 cy for Alternative 5C to 264,500 cy for Alternative 5D while still providing erosion
protection to the upland area along the north end of Figure Eight Island.

The 1,500-foot terminal groin would include a 995-foot shore anchorage section and a seaward
section that would project 505 feet seaward of the 2007 mean high water shoreline. The shore
anchorage section would be constructed with either steel or concrete sheet pile while the seaward
section would be of rubblemound construction. The landward 100 feet of the shore anchorage
section would have a 10-foot wide stone scour protection apron on both sides.

As is the case with Alternative 5B, the material to construct the beach fills would be obtained
from maintenance of the previously permitted area in Nixon Channel.

The plan layout for Alternative 5D is shown in Figures 3.16a and 3.16b with the distribution of
the fill and design berm widths given in Table 3.10. The terminal groin for Alternative 5D
includes the 200-foot extension labeled as optional extension in Figures 3.16a and 3.16b.

Table 3.10. Alternative 5D beach fill placement volumes and design berm widths.

Shoreline Segment Placement Volume | Design Berm Width
(Baseline Stations) (cy/lf) (ft)

60+00 to 70+00 (transition 0to 20 0to 17
70+00 to 77+50 20 17

77+50 to 80+00 (transition) 20 to 80 17 to 69
80+00 to 105+00 80 69

Periodic Nourishment — Alternative 5D.
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Simulation of Alternative 5D in the Delft3D model indicated an average rate of volume loss
from the beach fill placed between station 60+00 and the terminal groin (105+00) of 58,000
cy/years for the 2006 conditions and 45,000 cy/year for the 2012 conditions. South of station
60+00 the beach remained stable to slightly accretionary under both conditions. Assuming
periodic nourishment would be accomplished every 5 years, the five year nourishment
requirement for Alternative 5D would be 290,000 cy given the 2006 conditions and 225,000 cy
for the 2012 condition. Periodic nourishment of the Nixon Channel beach fill would also require
30,000 cy every five years resulting in a total 5 year nourishment requirement of 320,000 cy for
the 2006 condition and 255,000 cy for the 2012 condition. Like Alternative 5B, material for
periodic nourishment of the beach fills would come from maintenance of the previously
permitted area in Nixon Channel.

Implementation Cost. Initial construction costs for the 1,500-foot terminal groin would be
$4,560,000. The initial cost of the beach fills along the Nixon Channel and ocean shoreline
using material from the Nixon Channel permit area would be $2,879,000 for both the 2006 and
2012 conditions resulting in a total cost for initial construction (beach fills and terminal groin) of
$7,439,000. As previously stated, the implementation costs for Alternative 5D are independent
of the survey conditions. The initial construction of Alternative 5D is expected to take
approximately 4 months.

Maintenance of the terminal groin would average $25,000 per year. Periodic nourishment of the
beach fills along the ocean shoreline and Nixon Channel using maintenance material removed
from the previously permitted area in Nixon Channel would cost $3,002,000 every 5 years under
the 2006 conditions and $2,561,000 for the 2012 conditions. Over the 30-year planning period,
the total cost for Alternative 5D in current dollars would be about $26.12 million given the 2006
conditions and $23.47 million for the 2012 conditions.

The equivalent average annual cost for Alternative 5D, computed with a discount rate of 6% over

an amortization period of 30 years is $1,098,000 for the 2006 conditions and $1,020,000 for the
2012 conditions. See Appendix B and Appendix G for more information regarding cost.

96



Figure Eight Island Shoreline Management Project FEIS

ATE OF AE

iffgure 3.16a. Ian view of Alernative 5D; 2012 shrelne conditions.

97



Figure Eight Island Shoreline Management Project FEIS

_ﬂ;’—-‘. 00 -
_ DATE OF AERIAL PHi . :
Figure 3.16b. Plan view of Alternative 5

D; 20065hrine nditions.

Terminal Groin Removal Cost — Alternative 5D.

Removal of the terminal groin would include the cost of labor and equipment minus the salvage
value of the sheet piles and stone. The cost for removing the terminal groin under Alternatives 5A
and 5B would be $3.4 million whereas removal costs for Alternatives 5C and 5D would be $2.8
million and $3.2 million, respectively.

Cost Summary.

The equivalent average annual economic impact of each alternative is provided in Table 3.11a and
Table 3.11b for the 2006 and 2012 conditions, respectively. The annual costs in this table were
computed over a 30-year amortization period using a discount rate of 6%. Table 3.12a and Table
3.12b present summaries of the 30-year implementation costs for each alternative given the 2006
and 2012 conditions, respectively.
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Table 3.11a. Summary of average annual economic impact of alternatives (2006 Conditions).

Alternative Lo_ng-Term Loss of Tax | Response/Construction | Total Economic
Erosion Damages| Revenues Cost Cost
1 $1,803,000 $184,000 $1,204,000 $3,191,000
2 $2,166,000 $275,000 $169,000 $2,610,000
3 0 0 $2,564,000 $2,564,000
4 0 0 $3,259,000 $3,259,000
5A 0 0 $1,890,000 $1,890,000
5B 0 0 $1,056,000 $1,056,000
5C 0 0 $1,831000 $1,831,000
5D 0 0 $1,098,000 $1,098,000

Table 3.11b. Summary of average annual economic impact of alternatives (2012 Condi

tions).

Al . Long-Term Loss of Tax| Response/Construction| Total Economic
ternative .
Erosion Damages| Revenues Cost Cost
1 $1,742,000 $179,000 $1,201,000 $3,122,000
2 $2,081,000 $257,000 $165,000 $2,503,000
3 0 0 $2,620,000 $2,620,000
4 0 0 $2,780,000 $2,780,000
5A 0 0 $1,936,000 $1,936,000
5B 0 0 $1,056,000 $1,056,000
5C 0 0 $1,877,000 $1,877,000
5D 0 0 $1,020,000 $1,020,000
Table 3.12a Summary of 30-year implementation costs of alternatives (2006 Conditions)
Alternative 30-Year
Implementation Cost
1 $92.5 Million
2 $63.7 Million
3 $61,80 Million
4 $84.90 Million
5A $43.68 Million
5B $24.76 Million
5C $43.80 Million
5D $26.18 Million
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Table 3.12b Summary of 30-year implementation costs of alternatives (2012 Conditions)

. 30-Year
Alternative Implementation Cost
1 $84.7 Million
2 $63.7 Million
3 $63.5 Million

4 $69.00 Million
5A%0) $44.31 Million
5B $24.76 Million
5c $44.43 Million

5D $23.53 Million

M)Periodic nourishment costs based on 2006 conditions.
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Chapter 4 AFFECTED ENVIRONMENT

1. What is the environmental setting of this project?

Figure Eight Island is located on the northwest end of New Hanover County, in southeastern
North Carolina, approximately eight miles north of Wilmington. It is a private, gated residential
barrier island with 489 developed lots and 74 undeveloped lots. The island is bordered to the
south by Mason Inlet and Wrightsville Beach and to the north by Rich Inlet and Hutaff Island, an
undeveloped, privately owned island. Figure Eight Island covers approximately 526.1 hectares
(1300 acres) and is approximately 8.0 km (5.0 mi) long and approximately 0.6 km (0.4 mi) wide.
The Permit Area encompasses 4,282 acres and includes a wide diversity of estuarine and
nearshore habitat types supporting diverse ecosystems typically associated with a developed and
undeveloped barrier island system in southeastern North Carolina. The proposed project is
located on the northeast end of the island and within the channel and shoals in Nixon Channel

and Rich Inlet.

Figures 4.1 and 4.2 depict the extent of the Permit Area which is defined as the boundary of
where direct and indirect effects of the project will, or may likely occur. Figure 4.1 depicts the
extent of the delineated biotic communities within the Permit Area based on the 2006 conditions.
Figure 4.2 represents the extent of these communities based on 2015 conditions. The Permit Area
was identified and delineated based on the modeling results depicting potential sedimentation
distribution in the inlet as a result of the realigned inlet channel proposed for Alternative 3 and
the point of intercept calculated along the oceanfront shoreline from proposed nourishment
activities. Since developing the Permit Area, Alternative 5D has become the applicant’s
preferred alternative. Because the extent of the beach fill and the anticipated sedimentation
distribution within the inlet are similar to Alternative 3, the scope of the Permit Area will remain

unchanged. It should also be noted that all borrow sources for
Alternative 5D are within the Permit Area.

The Permit Area also includes portions of Hutaff Island, which is
located to the northeast of Rich Inlet. Hutaff Island is one of the
few remaining undeveloped and vehicle-free barrier islands on
the North Carolina coast. It is the 2" largest near-pristine barrier
island and salt marsh system in the region. Natural communities
that are found in the area include: dune grass, upland forest,
scrub-shrub, salt marsh, and beaches and foredunes. The natural
area supports a gull-tern-skimmer colony, and the upper beach
provides habitat for seabeach amaranth (Amaranthus pumilus).
Threatened and endangered animals supported by the area include
the loggerhead sea turtle (Caretta caretta), (Charadrius melodus),
Carolina diamondback terrapin (Malaclemys terrapin centrata),
black skimmer (Rhychops niger), least tern (Sterna atillarum),
and eastern painted bunting (Passerina ciris ciris). The North
Carolina Natural Heritage Program (NCNHP) has identified
Hutaff Island as a Significant Natural Heritage Area (SNHA) of
statewide significance (NCNHP, 2006). This site is partly owned

What is the North Carolina
Natural Heritage Program?

As part of the Office of Natural
Resource Planning and
Conservation within the NC
Department of Environment and
Natural Resources, the program
serves to inventory, catalogue, and
support conservation of the rarest
and the most outstanding elements
of the natural diversity within North
Carolina. These elements of
natural diversity include those
plants and animals which are so
rare or the natural communities
which are so significant that they
merit special consideration as land-
use decisions are made.
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by the NC Division of Parks and Recreation; the remaining area is privately owned (NCNHP,
2006a). In addition, the NCNHP has designated a portion of the Figure Eight Island Marsh
natural area as a Registered Natural Area (RNA) under agreement between the Northeast New
Hanover Conservancy and NCDENR. In 2001, the United States Fish and Wildlife Service
(USFWS) designated Hutaff Island as Piping Plover Critical Habitat, designated as Unit NC-11.
This area provides foraging and nesting grounds for the endangered piping plover (Charadrius
melodus). The Piping Plover Critical Habitat Area extends beyond Hutaff Island through Rich
Inlet and onto approximately the northern 305 m (1,000 ft) of Figure Eight Island (Figure 4.1 and
4.2). In addition, the USFWS and NMFS has designated portions of North Carolina beaches as
critical habitat for the Northwest Atlantic (NWA) population of loggerhead sea turtles. A
portion of the Permit Area is located within Critical Habitat Unit LOGG-T-NC-04 (Figure 4.1
and 4.2). As described in the Federal Register Notice, this unit includes Onslow Beach,
Topsail Island, and Hutaff Island. The unit contains nearshore reproductive habitat only.
Specifically, the unit consists of a nearshore area from Browns Inlet to Rich Inlet (crossing New
River Inlet and New Topsail Inlet) from the MHW line seaward 1.6 km.
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Figure 4.1. Figure Eight Island environmental setting map within the Permit Area based on 2006 conditions
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Figure 4.2. Figure Eight Island environmental setting map within the Permit Area based on 2015 conditions
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The North Carolina Division of Marine Fisheries (NCCDMF) has designated about 595 km?
(230 mi?) of fishery nursery areas throughout North Carolina, dividing the habitats into three
categories of nursery areas: Primary, Secondary and Special Secondary Nursery Areas
(NCDMF, 2007). Primary Nursery Areas (PNAs) are usually shallow with soft muddy bottoms
and surrounded by marshes and wetlands. PNAs are located within the Permit Area, specifically
within the salt marsh habitat between the Atlantic Intracoastal Waterway (AIWW) and the back
side of Figure Eight Island and Hutaff Island. To protect juveniles, many commercial fishing
activities are prohibited in these waters including the use of trawl nets, seine nets, dredges or any
mechanical methods used for taking clams or oysters.

The geomorphology of the Permit Area is characterized by beaches, dunes, and marshes typical
of a barrier island complex. The Atlantic Coastal Plain and Onslow Bay are both underlain by
relatively flat-lying sedimentary units which gently dip and thicken as they move to the
southeast.

Barrier islands, such as Figure Eight Island, are composed of unconsolidated fine- to medium-
sized quartz and shell material that is in a constant state of flux due to wind, waves, currents and
storms. The oceanfront beach and the backing dunes are deposits of sand that are constantly
changing their shape, and hence position, with time as they respond to coastal processes.

Areas of Environmental Concern

Lands adja_lcent t(_) coasta! inlets that are vulnerable to na}tural What are Areas of

processes including erosion and flooding are known as inlet  environmental Concern?
hazard areas. These inlet hazard areas, as designated by the

North Carolina Coastal Area Management Act (CAMA), as  The Coastal Resources
important Areas of Environmental Concern (AEC). Commission designates areas as
Generally, the Inlet Hazard Areas AEC are natural-hazard FEES B

. . uncontrolled development, which
areas especially vulnerable to adverse effects of sand, wind, 4y cause irreversible damage to

and water, because of their proximity to dynamic ocean property, public health or the
inlets (NCAC T15A 7H.0304(3)). The Inlet Hazard Area environment, thereby diminishing
AEC boundaries were originally approved by the Coastal their value to the entire state. The
Resources Commission (CRC) in 1979. Although the inlet gggsr?as REtUD four categonesyy
hazard AEC boundaries are more than 30 years old, they are
still in force at this time. It is not certain if or when new A The Estuarine and Ocean
boundaries will be officially adopted. System

B. The Ocean Hazard System
Many AECs have also been designated as SNHA by the B lic Water Supplies

D. Natural and Cultural

NCNHP. The NCNHP has identified more than 2,000
SNHAs in North Carolina, which are defined as an area of
land or water important for conservation of biodiversity.
SNHA'’s contain one or more natural heritage elements such as high-quality or rare natural
communities, rare species, and/or special animal habitats.

Resource Areas
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2. What are the characteristics of the various habitats found within the project area?

Barrier islands within North Carolina are dominated by wave and tidal processes, often with
large flood and ebb tidal deltas. Like other inlets in southeastern North Carolina, Rich Inlet
serves as the primary pathway of sediment transportation into its sound via Green Channel and
Nixon Channel. These inlets historically migrated along the Outer Banks and were typically
created by storm breaching. Many are now maintained by the USACE for navigation purposes.
Historically, Rich Inlet has shown little tendency to migrate, however, the cyclical reorientation
of the ebb channel can produce very rapid erosion on adjacent shorelines (Cleary and Pilkey,
1986). The Permit Area contains various habitat types such as salt marsh, upland hammocks,
intertidal flats, shoals, dunes, and beaches (Figure 4.3).

DUNES

WASHOVER

TIDAL FLAT

Reinson, 1992

Figure 4.3. Schematic depicting various habitats associated with a barrier island

A. Estuarine Habitats

While estuaries are also often known as bays, lagoons, harbors, inlets, or sounds, the defining
feature of an estuary is the mixing of fresh and saline water (32 to 36 parts per thousand [ppt]).
Flush with nutrients and inhabited by resilient organisms, estuaries are among the most
productive ecosystems on earth. They provide rich feeding grounds for coastal fish and
migratory birds, and spawning areas for fish and shellfish (NPS, 2007). This section will
characterize the following estuarine communities that are found, or have potential to be found,
within the Permit Area including salt marshes, submerged aquatic vegetation (SAV), and
shellfish areas.
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1. Salt Marsh Communities

These community types are found in relatively flat and Salt Marsh CommitT s
poorly drained topographic areas found along the North

Carolina coastline and are subject to regular and irregular  In eastern North Carolina, salt

tidal flooding. These systems are extremely important marsh communities can be found
for water filtration and water storage during flood events Rl >00 Mmiles of coase

. g . g_ ' shoreline, which encompasses 2.1
as well as supplying food and providing habitat for a million acres of estuarine habitat
wide-array of flora and fauna. Coastal wetlands within (NCCF, 2007).

the project vicinity include tidal salt marshes, and occur

along the shoreline and island fringes along the backside

of Figure Eight and Hutaff Island. These areas generally fall under the regulatory permitting
authority of both the State of North Carolina and the U.S. Army Corps of Engineers.

Estuarine systems, such as those characterized within the Figure Eight Island Permit Area, have
been designated as AEC by the CRC. These areas have been identified as “sensitive and
productive coastal lands and waters where uncontrolled development might cause irreversible
loss of property, public health and the natural environment” (NCDCM, 2006b). Section 15A
NCAC 07H .0205 of the North Carolina Administrative Code defines coastal wetlands as any
salt marsh or other marsh subject to regular or occasional flooding by tides, including wind tides
(whether or not the tide waters reach the marshland areas through natural or artificial
watercourses), provided this shall not include hurricane or tropical storm tides (NCDCM,
2008a). There are four kinds of coastal marsh habitats found in North Carolina; low marsh, high
marsh, brackish marsh, and freshwater marshes. Of these kinds, the Permit Area contains low
and high marsh.

Low salt marsh environments are regularly flooded with the tides and are characterized by
organic mats with smooth cordgrass (Spartina alterniflora) as the dominant vegetative species.
S. alterniflora marshes occur within the intertidal zone along the sounds and tidal creeks, and
provide valuable nursery habitat for commercially valuable species of marine and estuarine
organisms. The zonation of vegetation in salt/brackish marsh is largely determined by variations
of salinity and drainage of sediment porewater. Some species are restricted in the low marsh
because of high porewater salinity, frequent inundation, and high-sulfide porewaters associated
with frequent inundation (Deaton et al., 2010). Smooth cordgrass can tolerate a wide range of
environmental conditions, including pH levels from 5.4 to 7, salinities from 3% to 5%, and a
water table four inches above ground level (ANHP, 2004). The majority of the salt marsh habitat
within the Permit Area is located between the AIWW and the back sides of Figure Eight and
Hutaff Islands. There have been 1,007 acres of low marsh delineated within the Permit Area, as
determined through interpretation of high resolution aerial photography.

Cowardin (1979) classifies high marsh as an estuarine intertidal emergent wetland or palustrine,
emergent wetland. High salt marsh environments are irregularly flooded lands where plant
species such as saltmeadow cordgrass (S. patens), glasswort (Salicornia Spp.), salt (or spike)
grass (Distichlis spicata), and sea lavender (Limonium carolinianum) may be found.
Saltmeadow cordgrass grows at the seaward edge of the high marsh, just above the high water
line, providing habitat for a variety of waterfowl and songbirds, as well as other types of wildlife
indigenous to the area. This environment is important in stabilizing the shifting sands of the
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barrier islands. Eventually, over time, the high marsh habitat can transform as it becomes
vegetated with dominant shrub species such as marsh elder (lva frutescens), wax myrtle (Myrica
cerifera), and yaupon holly (llex vomitoria). Thirty acres of high marsh have been delineated
within the Permit Area, as determined through interpretation of high resolution aerial
photography. This includes an area of high marsh that is located along the northern tip of Figure
Eight Island situated between the sand spit and the residential development.

For both low and high salt marsh, the benthic communities consist of many faunal species. A
2007 wildlife utilization study conducted in the low salt marshes within the Bogue Inlet complex
revealed high numbers of macroinvertebrates including fiddler crabs (Uca puglator), periwinkle
snails (Littorina irrorata), oysters (Crassostrea virginica), and unidentified species of mud
crabs, clams, and mussels (Rosov and York, 2007). Other common macroinvertebrates in the salt
marsh include blue crabs (Callinectes sapidus) and grass shrimp (Palaemonetes species) (Meyer,
1991).

Benefits of Salt Marsh Habitats to Shorebirds, Colonial Waterbirds, and other Waterbirds

Due to their biological productivity, estuaries provide ideal areas for migratory birds to rest and
forage during their long migratory journeys. Various species of shorebirds utilize marsh habitats
for wintering, as well as feed on fish, shrimp and fiddler crabs found in the salt marsh. Along
with a number of shorebirds and waterbirds, various waterfowl including dabbling ducks, diving
ducks, geese, swans and coots utilize the salt marsh (Cowardin 1979).

Colonial waterbirds that utilize marsh habitat include black skimmers, gull-billed terns, common
terns, least terns, egrets (Egretta spp.), and green herons (Butorides virescens). Most of these
species prefer sandy beaches and shoaling habitats for nesting. The green heron is a habitat
generalist, frequenting most coastal freshwater bodies as well as some saltwater bodies. The
green heron nests in coastal shrub thickets, upland and swamp forests, and salt marshes, as well
as in suburbs where habitat is deemed suitable. This species is less colonial than other wading
birds, and although it often nests in mixed colonies with other herons and ibis (Plegadis
falcinellus and Eudocimus albus), the green heron will frequently nest singly or in colonies of a
few pairs. Nests are typically elevated in trees or shrubs between five and 30 ft off the ground
(Alsop, 2002).

Willets (Catoptrophorus semipalmatus), American oystercatchers (Haematopus palliatus),
piping plovers, Wilson’s plovers, and killdeers (Charadrius vociferous) usually nest above the
high tide line on coastal beaches, on sand flats at the ends of sand spits, in blowout areas behind
dunes and in overwash areas. However these various shorebirds also utilize various estuarine
habitats including intertidal-emergent and submerged vegetated areas, intertidal-unvegetated,
managed wetlands, as well as inland habitats for feeding (Hunter et al., 2001; Brown et al.,
2001).

A variety of other waterbird species that are not classified as shorebirds or colonial waterbirds
can also be found utilizing different estuarine habitats. For example, species such as red-
breasted mergansers (Mergus serrator), clapper rails (Rallus longirostris) and ospreys (Pandion
haliaetus) can be found in and surrounding inlet habitats such as Rich Inlet. Many waterbirds
are piscivorous and forage by surface diving, some are aquatic gleaners, while others are
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herbivores that feed on submerged aquatic vegetation. These waterbirds can be found in
estuaries, marshes, and in the vicinity of Rich Inlet year-round or part of the year. However,
they are mainly present during spring and fall migrations, as well as during the winter.

Benefits of Salt Marsh Habitat to Terrapins

The Carolina diamondback terrapin is the only North American turtle found in brackish waters,
and are common in salt marsh environments. Juveniles use matted Spartina and other marsh
grasses as cover. The marshes behind Figure Eight and Hutaff Islands provide suitable habitat for
diamondback terrapins (LeGrand, pers. comm., 2008).

Benefits of Salt Marsh Habitats to Fishery Resources

Finfish and shellfish using salt/brackish marsh habitats fall into several categories based on
location and timing of use (Deaton et al., 2010). Essential Fish Habitat (EFH) species that are
expected to occur in estuarine emergent wetlands of North Carolina include the penaeid shrimp,
summer flounder, and others. Year-round residents of the marsh include small forage species
such as killifish (Fundulus confluentus, F. luciae, F. majalis, Lucania parva, Fundulus
heteroclitus), sheepshead minnows (Cyprinodon variegates), grass shrimp (Palaemonetes pugi),
bay anchovies (Anchoa mitchilli), and silversides (Membras martinica, Menidia spp.). Transient
species include those spawning near the marsh, and those spawned in deeper waters using marsh
habitat as nursery or foraging areas. Among transient species, some prefer the edge of
salt/brackish marsh (i.e. flounder) while others are found near the marsh edge on non-vegetated
bottom (i.e., spot (Leiostomus xanthurus), Atlantic croaker (Micropogonias undulatus)). Some
species are not found in the marsh, but derive substantial food resources from marsh plants as
detritus (i.e., menhaden (Brevoortia spp.)) or from microalgae produced on the marsh surface.
Of the fishery species in North Carolina, penaeid shrimp and red drum are considered critically
linked to marsh edge habitat (SAFMC, 1998).

Red drum spawning occurs in the fall (August through October) in estuaries and around coastal
inlets with optimal temperatures being between 22° C and 30° C (72° to 86° F) (NCDMF 2005).
In North Carolina, spawning adults were reported to be common in salinities above 25 ppt in
Bogue Sound and the Cape Fear River. Spawning adults were present, but not frequently
encountered in Pamlico Sound and the New River (ASMFC, 2002).

Penaeid shrimp are reported to spawn offshore, moving into estuaries during post-larval stage
during the early spring. As the shrimp grow larger in size, they migrate to higher salinity
environments. In late summer and fall, they return to the ocean to spawn (NCDMF, 2005). Itis
during the July through October period that approximately 77% of the North Carolina shrimp
harvest (for all waters) is landed, 66% of which is taken from ocean sub-areas <3 mi offshore
and south of Cape Hatteras (NCDMF, 2005). In a NCDMF juvenile brown, white and pink
shrimp sampling program (1999 — 2003) the majority of shrimp were “collected in close
proximity to shallow wetland systems, such as salt marsh.
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e Brown Shrimp
Brown shrimp spawn in the deep ocean during February and March. Larval immigration to

estuaries peaks from mid-March through mid-April. Brown shrimp prefer peat and muddy
bottoms as habitat (NCDMF, 2005).

e Pink Shrimp

Pink shrimp spawn in ocean waters from April to July. Post larvae immigrate to estuaries
from May to November. Juvenile pink shrimp are reported to over-winter in North Carolina
estuaries. Pink shrimp prefer foraging in shallow waters among marine plants. They are
nocturnal feeders but may feed during the day in turbid water (NCDMF, 2005).

e White Shrimp

White shrimp spawn at depths greater than 30 feet in the ocean from March to November.
Post larvae immigrate to estuaries two to three weeks after hatching when they become
benthic. Juvenile white shrimp prefer muddy bottoms in low to moderate salinity estuarine
waters and brackish waters. White shrimp migrate south from estuaries during fall and early
winter. “Some of the slower-growing individuals overwinter in the estuaries, but usually do
not survive in North Carolina” (NCDMF, 2005).

2. Submerged Aquatic Vegetation (SAV) Submerged Aquatic Vegetation
SAYV habitat occurs along the entire east coast of the

United States, with the exception of South Carolina and North Carolina is in a “transitional
Georgia, where high freshwater input, high turbidity, and area which represents the

large tidal amplitude (vertical tide range) inhibit their southernmost extensioniSISEN.

. . cold-adapted species and the
occurrence. Along the Atlantic coast, North Carolina northernmost extension of warm-

supports more SAV than any other state, except for Florida = adapted species.
(Funderburk et al. 1991; Sargent et al. 1995). The 2005
CHPP reported that, based on interpretation and field
verification by NOAA of remotely-sensed imagery taken
during 1985-1990, the total area of visible SAV in North
Carolina was approximately 134,000 acres (Ferguson and
Wood 1994). Since 2005, some additional mapping efforts
have added over 20,000 acres of mapped vegetated areas,
suggesting SAV habitat covers over 150,000 acres in
coastal North Carolina (Deaton, et al., 2010).

In North Carolina, Submerged Aquatic Vegetation (SAV)

is defined as “estuarine waters vegetated with one or more

species of submerged vegetation such as eelgrass (Zostera marina), shoalgrass (Halodule
wrightii) and widgeon grass (Ruppia maritime). These vegetation beds occur in both subtidal
and intertidal zones and may occur in isolated patches or cover extensive areas (Deaton et al.,
2010). In North Carolina the dominant seagrass is Z. marina. H. wrightii is also observed in
North Carolina; however it is not as abundant. Seagrass meadows are now much reduced,
probably due to elevated nitrogen and increased sedimentation (Mallin et al., 2000).
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Dr. Don Field of the Applied Ecology and Restoration Research Laboratory at the National
Oceanic and Atmospheric Administration (NOAA) Center for Coastal Fisheries and Habitat
Research identified potential occurrences of SAV within the Permit Area via interpretation from
April 2006 aerial photography. Similarly, limited presence/absence data collected by Dr. Wilson
Freshwater of UNCW in 2003 and 2004 from areas within the Rich Inlet complex was obtained.
Each of the 47 potential SAV beds identified by Dr. Field and Dr. Freshwater were
groundtruthed on September 15, 17, and 22, 2008 (Figure 4.4). Of these, three were confirmed
to contain SAV resources. Two contained sparse patches of Z. marina (eelgrass) while one site
contained a dense to sparse bed of Z. marina and R. maritima (widgeon grass). The remaining
sites were identified as dark sandy bottom, shellfish shells, macroalgae, or other substrate types
devoid of seagrass. Utilizing the three SAV beds identified through groundtruthing efforts as
confirmed SAV resources, an additional 17 sites with similar color signatures were extrapolated
from the 2008 high resolution aerial photographs (Figures 4.4, 4.5a and 4.5b). In total, seven (7)
acres of SAV habitat have been identified within the Permit Area.
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Figure 4.5a. Identified SAV Resources within the Permit Area
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Figure 4.5b. Identified SAV Resources within the Permit Area
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Benefits of SAV Areas to Fishery Resources

Submerged aquatic vegetation provides important structural fish habitat and other important
ecosystem functions in estuarine and riverine systems in coastal North Carolina. Submerged
aquatic vegetation is recognized as an essential fish habitat because of five interrelated features —
primary production, structural complexity, modification of energy regimes, sediment and
shoreline stabilization, and nutrient cycling. Water quality enhancement and fish utilization are
especially important ecosystem functions of SAV relevant to the enhancement of coastal
fisheries.

SAV are utilized by larval and juvenile fishes for foraging and escape from predation.
Commercial and sport fishes in their larval and juvenile stages, such as; gag grouper
(Mycteroperca microlepsis), gray snapper (Lutjanus griseus), bluefish (Pomatomus saltatrix),
flounder species (Paralichthys sp.), fish of the Clupeidae family and others, are found in seagrass
beds in the early spring and summer. Bay scallops (Argopecten irradians concentricus) are also
typically found in SAV habitat. Because of its use for foraging, spawning and shelter, SAV is
designated as Habitat Areas of Particular Concern (HAPC). The red drum (Sciaenops ocellatus)
is one species for which SAV serves as a HAPC.

3. Shellfish
The shellfish industry is a large economic industry for Shellfish
North Carolina coastal areas. Three species of shellfish
found in coastal waters include eastern oysters Common terms used to describe
(Crassostrea virginicus), hard clams (Mercenaria éhe"lbottom t‘ab'iatsb'”d'\‘ﬁ’f‘t‘h t

H : : arolina are "oyster beds, "oyster
mercenarla), and bay scallops (Argopecten irradians B ier reefs” “oyster
concentricus). bars,” and “shell hash.”

Shellfish are also an important resource in the estuarine

environment within the permit area. The structures that shellfish create, such as beds and reefs,
are used by many species of fish and invertebrates (Burrel, 1986). The SAFMC defines this
habitat as “the natural structures found between (intertidal) and beneath (subtidal) tide lines, that
are composed of oyster shell, live oysters and other organisms that are discrete, contiguous and
clearly distinguishable from scattered oysters in marshes and mudflats, and from wave-formed
shell windrows” (SAFMC, 1998). The SAFMC has designated oyster reefs as EFH for red drum
(NMFS, 1999). NCDMF has designated two Oyster Management Areas (OMA) within the
Permit Area and one adjacent to the southwestern boundary (Figure 4.6).
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Table 4.1 below summarizes the spawning seasons for the three shellfish species typically found
within the Permit Area.

Table 4.1. Spawning Seasons for Shellfish

SPECIES SPAWNING SEASONS

Hard Clam (Mercenaria mercenaria) May through November

Eastern Oyster (Crassostrea virginica) May through September

August through December

Bay Scallops (Argopecten irradians)

The NCDMF Shellfish Mapping Program was developed using a stratified random sampling
design that delineates all bottom habitats (or strata) and samples the density of oysters, clams,
and bay scallops in these areas (Deaton et al., 2010). Benthic habitat surveys in Rich Inlet and
the estuarine habitats behind Figure Eight Island and Hutaff Island were conducted by the
NCDMEF in 1991 (Conrad, pers. comm.). Shellfish were found within strata R (intertidal firm,
vegetated without shell), strata S (intertidal firm, non-vegetated with shell), strata T (intertidal
firm, non-vegetated without shell), and strata W (intertidal hard, non-vegetated with shell)
(Conrad, pers. comm.). Figures 4.7 and 4.8, created by the NCDMF Shellfish Mapping Program,
illustrates the distribution of the various habitats within proximity of the Permit Area. The
number and density of clams (M. mercenaria), oysters (C. virginica), and scallops (A. irradians)
present within these strata are listed in Tables 4.2 and 4.3. Stratum W is the habitat containing
the highest densities of shellfish in this area. No scallops were observed in these sampling
surveys.
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Table 4.2. Shellfish density data for Area SO36. Surveys conducted by NCDMF between 1989 and 1991

Strata Number of Area Sampled Collection Number Densily
Samples (Shellfish per square meter)
(Square meters)
S036

CLAM
D 15 13.50 0.00 0.00
G 19 17.10 0.00 0.00
H 25 22.50 0.00 0.00
L 15 13.50 0.00 0.00
R 105 103.00 2.00 0.02
S 56 55.20 75.00 1.36
T 44 43.60 13.00 0.30
W 21 20.40 69.00 3.38
X 15 14.50 0.00 0.00

OYSTER
D 15 13.50 0.00 0.00
G 19 17.10 0.00 0.00
H 25 22.50 0.00 0.00
L 15 13.50 0.00 0.00
R 105 105.00 1,176.00 11.20
S 56 55.20 4,469.00 80.96
T 44 43.60 1.00 0.02
W 21 20.40 5,354.00 262.45
X 15 14.50 0.00 0.00

SCALLOP
D 15 13.50 0.00 0.00
G 19 17.10 0.00 0.00
H 25 22.50 0.00 0.00
L 15 13.50 0.00 0.00
R 105 105.00 0.00 0.00
S 56 55.20 0.00 0.00
T 44 43.60 0.00 0.00
W 21 20.40 0.00 0.00
X 15 14.50 0.00 0.00
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Table 4.3. Shellfish Density Data for Area SO46. Surveys conducted by NCDMF between 1989 and 1991

Strata Number of Area Sampled Collection Number Hlesily
Samples T—— (Shellfish per square meter)
5046

CLAM
G 15 13.50 0.00 0.00
H 15 13.50 0.00 0.00
R 15 15.00 0.00 0.00
S 39 39.00 114.00 292
T 15 15.00 3.00 0.20
W 15 15.00 45.00 3.00
X 15 15.00 0.00 0.00

OYSTER
G 15 13.50 0.00 0.00
H 15 13.50 0.00 0.00
R 15 15.00 79.00 5.27
S 39 39.00 6,506.00 166.82
T IS 15.00 0.00 0.00
W 15 15.00 6,413.00 427.53
X 15 15.00 0.00 0.00

SCALLOP
G 15 13.50 0.00 0.00
H 15 13.50 0.00 0.00
R 15 15.00 0.00 0.00
S 39 39.00 0.00 0.00
T 15 15.00 0.00 0.00
W 15 15.00 0.00 0.00
X 15 15.00 0.00 0.00

The NCDMF shellfish habitat maps contain 23 individual polygons representing the W stratum
within the limited area within the Permit Area. Field investigations were conducted on 15, 17,
and 22 September 2008 by CPE-NC staff biologists to visually groundtruth these potential
shellfish areas within the Permit Area that may receive impacts due to project related activities.
Coordinates of the center point of these polygons were obtained and GPS was utilized to
navigate to each location. Water clarity was generally poor with visibility less than 2 ft; therefore
snorkelers utilized both visual cues and tactile cues to assess the presence or absence of shellfish
resources. The spatial extents of discrete shellfish beds were determined by following the
boundary while periodically recording GPS coordinates. These coordinates were then converted
to a Geographic Information System (GIS) shapefile using ArcView 9.3 software and overlaid
upon high resolution aerial photography. The boundaries of the mapped shellfish beds were then
refined through visual interpretation of the aerial photos. Additional shellfish resources within
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the entire Permit Area were then identified via extrapolation of areas with similar color signature
in the 2008 high resolution (<2 feet) geo-referenced aerial photography. These areas were
groundtruthed to determine the size and extent of shellfish beds within this area. Of the 23
potential shellfish sites groundtruthed, nine were confirmed to contain live shellfish. Each of
these confirmed areas contained scattered patches of live shellfish (primarily C. virginica)
fringing along the edge of a salt marsh and were not considered to be a discrete shellfish bed.
Therefore it was not possible to determine distinct boundaries utilizing GPS. The remaining
sites were identified as muddy substrate or scattered shellfish shells.

CPE-NC located and delineated one additional discrete shellfish bed that had not been identified
by the NCDMF. Utilizing this site as a confirmed shellfish bed, an additional three sites with
similar color signatures were extrapolated from the 2008 high resolution aerial photographs
(Figures 4.9 and 4.10). In total, 0.1 acres of shellfish bed habitat have been identified within the
Permit Area.
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e Hard Clams

According to the NCDMF, the stock status of hard clams Hard clorg
(Mercenaria mercenaria) is unknown because there is no data
available to assess the population size (NCDMF, 2001). Hard )

clams are an estuarine-dependent mollusk found primarily in
sandy and vegetated bottoms. Increased fishing, poor water
quality, and habitat loss have impacted this fishery (NCDMF,
2003a). The EFH for the hard clam, as designated by the
SAFMC, includes subtidal and intertidal flats, oyster reefs and
shell banks, and SAV (NCDMF, 2001). A State Fishery
Management Plan was updated in 2008.

Hard clams are suspension feeders that subsist primarily on phytoplankton. Growth of hard clam
larvae is quickest at temperatures found between 22.5 and 36.5°C (72.5 and 97.9°F) with
salinities of 21.5 to 30.0 ppt (Eversole, 1987). They spawn from May through November, when
water temperatures reach 20°C (68°F). Salinities above 25 ppt significantly affect normal
embryonic development while temperatures too low will not allow maturation and spawning
(Eversole, 1987). Hard clams can be found in nearly all of the sheltered marine waters of North
Carolina. Based on research examining clam landings per trip, the NCDMF found that the
harvest of clams appeared to be particularly stable (NCDMF, 2001). Results from the 1991
surveys conducted by NCDMF indicated that clams were present in the permit area.

o Eastern Oysters
Eastern oysters (Crassostrea virginica) are long-lived
(approximately 40 years) and are capable of forming large
reefs. According to the NCDMF, the eastern oyster has a stock F
status designation of concern due to a long-term decline most v,
likely caused by over harvesting, habitat disturbances, and ,
pollution. Oysters require a relatively clean, firm substrate to
attach to and can be found in intertidal or subtidal estuarine
environments. Spawning in North Carolina occurs from May
through September. Vast intertidal reefs formed by oysters are
significant biological and physical formations in the estuaries
of North Carolina. Fish, crabs, and shrimp utilize oyster beds
as refuge and as a source of food. The intertidal oyster beds
also provide habitat for various infaunal and epifaunal species.

Eastern oyster

The eastern oyster is a very successful estuarine bivalve and

can tolerate a wide variety of salinities, temperatures, currents, and turbidities. The preferred
habitat for eastern oysters is from just below MLW to 1 m (3.28 ft) above MLW (Burrel, 1986).
The eastern oyster is a prolific bivalve, whose stocks have been depleted, which identified a need
for a State Fishery Management Plan (updated in 2008) in parallel with the Hard Clam Fishery
Management Plan.
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Results from the 1991 surveys conducted by NCDMF indicated that eastern oysters were present
in the permit area.

e Bay Scallop
The NCDMEF lists the bay scallop (Argopecten irradians) as a

species of concern based on poor recruitment and low
abundances. NCDMF has developed a fisheries management
plan for the bay scallop in 2007. A. irradians is an estuarine-
dependent bivalve found in seagrass (mainly eelgrass) beds.

Bay scallops are rarely found attached, although they do have
the ability to attach by byssal threads, mainly as juveniles, but as
they mature, scallops sink to the bottom and continue to grow
(Fay et al., 1983). Adult scallops prefer calm waters, secluded
from high winds, storms, with tides and depths of 0.3 to 10 m
(0.98 to 32.8 ft). Environmental factors, such as temperature
and rainfall, play a critical role in scallop abundance (NCDMF,
2003b). They spawn between August and December when
water temperatures are approximately 15.5°C (60°F). No scallops were present during the 1991
surveys conducted by the NCDMF. However, habitat with the potential to support scallops was
identified within the Permit Area.

Bay Scallop

Benefits of Shellfish Habitat Areas to Fishery Resources

Shell bottom provides critical fisheries habitat not only for oysters, but also for recreationally
and commercially important finfish, other mollusks, and crustaceans. The SAFMC has
designated oyster reefs as EFH for red drum (Sciaenops ocellatus). The ecological functions of
oyster reefs related to oyster production are well known and accepted. These functions include
aggregation of spawning stock, chemical cues for successful spat settlement, and refuge from
predators and siltation. Oysters have also been described as “ecosystem engineers” that create
reef habitat important to estuarine biodiversity and fishery production. Several studies have
found higher biological abundance and diversity on shell bottom than adjacent softbottom,
particularly pinfish (Lagodon rhomboides), blue crabs (Callinectes sapidus), and grass shrimp
(Palaemonetes pugio) (Deaton et al., 2010).

B. Upland Hammock Habitat

Maritime hammocks, also known as maritime forests, Upland hammock
tropical hammocks or coastal hammocks, are characterized

as narrow bands of forest that develop almost exclusively These forested systems are

on stabilized backdunes of barrier islands, inland of typically dominated by live oak
primary dunes and scrub. This habitat type is typically é%‘f(rg‘i‘:u‘;'rtg'géa;r;agnlgt:gy
dominated by species of broad-leaved evergreen trees and cedar (Juniperus V}rginiana)
shrubs, maritime hammocks are climax communities trees with an understory of
influenced heavily by salt spray. Figures 4.1 and 4.2 shrub thicket which can support
depict the upland hammock habitat and designates the area S;,‘Ch Spec"fs & swag‘p bay .
as “scrub-shrub” and “upland forest”. The dominant wind B paluistis) and swweetbay

. . . . ) (Magnolia virginiana).
direction and influence of salt spray is usually evidenced

126



Figure Eight Island Shoreline Management Project FEIS

by the sculpted vegetation (Texas Cooperative Research Unit, 2002). Twenty-seven (27) acres
of upland hammock as well as 67 acres of scrub-shrub habitat have been delineated within the
Permit Area, as determined through interpretation of high resolution aerial photography from
2006.

Benefits of Upland Hammocks to Colonial Waterbirds

Colonial waterbirds utilize a variety of habitats for foraging, roosting, and nesting, which
includes estuaries, oceanfronts, open dunes, inland areas, and intertidal shoal habitats. These
birds also use a variety of habitats for nesting. Some colonial waterbirds such as green herons
and yellow-crowned night herons utilize vegetated, upland environments. These three colonial
waterbird groups prefer trees, shrubs, and grass lands for nesting and, as a result, may utilize the
upland hammocks identified within the Permit Area.

C. Inlet Dunes and Dry Beach Habitats

This section identifies and discusses the dune and beach communities within the Rich Inlet
complex. These habitats are present around the periphery of the inlet. Inlet dunes and inlet
beaches are similar to coastal dunes and coastal beaches, however, as a result of episodic
overwash, these habitats are typically not as established as coastal beaches and often lack the
vegetation common on the coastal beach and dune systems. Inlet dunes are defined as any hill,
mound, or ridge of sand along the inlet coastline created by natural or artificial forces. The inlet
dry beach habitat is defined as the portion of the ocean beach in proximity to the inlet that is
between mean high water and the toe of the dune. These inlet dunes and beaches are also
susceptible to forecasted sea level rise.

Benefits of Inlet Dunes and Dry Beaches to Shorebirds, Colonial Waterbirds, and Other
Waterbirds

Most shorebirds are long distance migrants, who migrate through and winter in North Carolina
en route to find suitable breeding sites in the Arctic. To complete these flights, shorebirds must
obtain a large food reserve. The inlet dunes and beaches in proximity to Rich Inlet provides
migration stop-over areas used by shorebirds to replenish food reserves and accumulate fat
needed for the long flights. There are few places that have the necessary combination of
resources. In some areas, between 50% and 80% of the entire population of a species may visit a
single site (MCCS, 2003). Migratory arctic-bound shorebird species that may be found during
the non-breeding season within inlets of North Carolina include the red knot (Calidris canutus
rufa), dunlin (Calidris alpine), western sandpiper (Calidris mauri), and sanderlings (Calidris
alba). Many arctic breeding species are experiencing declines, including the red knot, which
was recently listed as a candidate for protection under the Endangered Species Act. Surveys
conducted during 2007 by Audubon North Carolina revealed a total of 878 red knot individuals
observed along Mason Inlet, Rich Inlet, Lea Island, and Hutaff Island. The maximum count at
each location on an individual survey was 188, 258, 6, and 20, respectively at each location
(Mangiameli, pers. comm., 2008).

Shorebirds utilize these inlet dunes and beaches for breeding, wintering and migrating. Many
species rely on a few, key stopover sites to complete their annual migratory cycle. The Outer
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Banks of North Carolina constitute a prime example of a potentially important area for which
only limited information on migratory birds is available (Dinsmore, et al., 1998).

Some species of waterbirds, such as terns and black skimmers, nest on bare sand and shell with
little or no vegetation. These species will change nesting areas in response to changing
environmental conditions, such as increased vegetation or storm events. In selecting nesting
habitat, waterbirds recognize the area and past success, but mainly adhere to group dynamics.
This type of grouping creates nesting, resting, and foraging areas with large colonies that can
include multiple species of waterbirds.

1. Overwash Habitats

One type of dry inlet beach habitat that is an important feature is overwash areas. Natural
processes, such as storms, create overwash features behind primary sand dune areas. A total of 7
acres of overwash habitat has been delineated within the Permit Area. Overwash areas are
usually created during strong storm events when tides wash over portions of the beach and move
sand back towards the sound, creating new habitat. Overwash areas are characterized by the low
sand flats left where storm waves have washed across a barrier island. This includes loose sand,
perhaps piled into dunelets and/or divided by sluiceways, and usually scattered weedy shrubs and
herbs. After the site has gone for an extended period without storm scouring, the vegetation may
develop into a dense mat of vines and grasses. Island overwash is an important natural process
in maintaining coastal barrier islands. Large man-made dunes may limit the occurrence of
overwash features. When overwash occurs, the net volume of sand is often maintained and the
island migrates landward (Donnelly et al., 2006). Barrier islands naturally migrate landward as a
result of sea level rise. This is accomplished through overwash events where sediments are
pushed to the sound side, which contributes to building marsh on the sound side.

Benefits of Overwash Habitats to Shorebirds, Colonial Waterbirds, and other Waterbirds
Overwash features are not unique to inlets; however, the dynamic and productive microhabitats
formed as a result of inlet migration are very important to both breeding and non-breeding
waterbirds. Overwash habitats include ephemeral pools and bayside mudflats which are
important feeding areas to piping plovers at the start of the nesting season and throughout the
year (Fraser, 2005; USFWS, 1996). Overwash habitat is utilized by wildlife, particularly
shorebirds, colonial waterbirds and other waterbirds as they provide suitable foraging and
nesting habitat for these birds. Overwash events usually occur during storm events or in low
areas during spring high tide conditions when seawater flows through the primary dune line,
spreading out sand from the beach and dunes. Recently created overwash fans are generally
unvegetated and function similar to the dry beach community. Willets, American oystercatchers,
piping plovers, Wilson’s plovers, and killdeers usually nest on open areas such as above the high
tide line on coastal beaches, on sand flats at the ends of sand spits, and along blowout areas
behind dunes and in overwash areas. These open habitats are utilized by breeding and non-
breeding colonial waterbirds. In particular, the Wilson's plover and the federally threatened
piping plover are both dependent on hurricanes and storms to provide the overwash needed for
nesting habitat (Deaton et al., 2010).
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D. Intertidal Flats and Shoals

Intertidal flats and shoals are defined as non-vegetated, soft Intertidal flats andSEIE
sediment habitats, found between mean high-water and mean
low-water spring tide datum (Dyer et al. 2000) and are These habitats areas are

generally located in estuaries and other low energy marine gansidered (o belEEIE.
feeding areas to shorebirds

envirqnments. Mean high water is defined as _the average at the start of the nesting
elevation of all high waters recorded at a particular point or season and throughout the
station over a considerable period of time. Mean low water is year. This includes the

defined as the average elevation of all low water at a particular = federally protected piping
location also over a considerable period of time. Intertidal flats B'g‘l’:f/[/g:rfggg go0s:

and shoals are distributed widely along coastlines world-wide,

accumulating fine-grain sediments on gently sloping beds,

forming the basic structure upon which coastal wetlands build. The tidal flats and shoals of North
Carolina are habitat to a variety of migratory shorebirds, colonial waterbirds, marine mammals,
reptiles, fish and macro-infauna. For this reason, these habitats are considered to be a valuable
natural resource. These habitats have developed into a dynamic inlet system and, therefore tend
to be ephemeral in nature, especially with regard to dynamic island formation within the inlet. A
total of 206 acres of intertidal flats and shoals are located within the Permit Area, mainly within
the inlet complex.

Benefits of Tidal Flats and Shoals to Shorebirds, Colonial Birds and Other Waterbirds

During all months of the year, Rich Inlet provides important foraging, roosting and nesting
habitats for shorebirds, colonial birds, and other waterbirds. The intertidal shoals and sand flats
provide sheltered and isolated habitat for roosting and foraging. Prey resources for shorebirds
include mainly invertebrates and small fish. Most shorebirds are aquatic and terrestrial
probers/gleaners that can wade in the surf of intertidal areas. Breeding and non-breeding
federally endangered species and species of special concern also utilize intertidal flats and
shoals. Therefore, Rich Inlet’s habitats and the shorebirds that utilize them are a very important
natural resource to the coast of North Carolina. Intertidal flats and shoals, particularly low-
energy wet sand flats and shoals, are essential to many species of migrating and wintering
shorebirds (Colwell 2010).

Benefits of Tidal Flats and Shoals to Benthic Macroinfaunal Community

These tidal flats and shoals in the inlet complex provide habitat for the macroinfaunal
community due to their softbottom consistency. Softbottom habitats are comprised of
unconsolidated sediment and defined as “unvegetated”, lacking visible structural habitat.
However, this “soft” substrate supports an abundance of macroalgae and numerous burrowing
organisms (macroinfauna) living below the surface (Deaton et al., 2010).

Macroinfaunal species are resident to the upper 1 m (3.28 ft) of the substrate due to the available
oxygen content and aeration properties; although some larger species may live deeper in the
seabed (USFWS, 2002). Dominant macroinfaunal species typical of the bays and sounds of
North Carolina include bivalves, decapods, polychaetes, and amphipods.
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Macroinfaunal species are a primary food source for several migratory and resident shorebirds,
waterbirds, as well as for many commercially and recreationally important fish. Bird species can
be found utilizing the Inlet and surrounding estuarine environments as a stop-over feeding station
while traveling to their wintering and nesting grounds. Migratory fish species utilizing the inlet
depend upon the macroinfaunal community as a food reserve, en route to upstream seagrass beds
and estuarine habitats.

Benefits of Tidal Flats and Shoals to Fishery Resources

As stated above, these habitat areas host an abundance of macro species which are food sources
for many fishery resources. The tidal flats and shoals of North Carolina are habitat to a variety
of, anadromous, estuarine, and marine fish species (USFWS, 2002), such as cobia (Rachycentron
canadum), lane snapper (Lutjanus synagris), red drum (Sciaenops ocellatus), red grouper
(Epinephelus morio), spadefish (Chaetodipterus faber), gag (Mycteroperca microlepis), king
mackerel (Scomberomorous cavalla), white shrimp (Penaeus setiferus), brown shrimp (Penaeus
aztecus), pink shrimp (Penaeus duorarum), Atlantic sharpnose shark (Rhizoprionodon
terraenovae), southern flounder (Paralichthys lethostigma), and summer flounder (Paralichthys
dentatus). These species benefit from tidal flats and shoals as the habitat is used for refuge,
corridor, nursery, and spawning purposes (Deaton, 2010).

E. Oceanfront Dry Beach and Dune Habitats

The primary dune extends landward to the lowest elevation Habitats

in the depression behind that same mound of sand

(commonly referred to as the dune trough). Frontal dunes are B North
defined as the flr'st mour!d_of sand Iocgted Iapdward of thg Administrative Code defines
ocean beach having sufficient vegetation, height, continuity primary dunes as the first

Section 15A NCAC 7H .0305(c)

and configuration to offer protective value (NC DCM, mounds of sand located
2008b). landward of the ocean beaches
having an elevation equal to the
. . . . . mean flood level (in a storm
Dunes and their associated plant species are important in having a one percent chance of
providing shorefront protection against coastal storms and being equaled or exceeded in
supplying sand to the beach system during periods of any given year) for the area

erosion. A total of 60 acres of dune communities are located ~~ Plus six feet.
within the Permit Area primarily the oceanfront shoreline

along Figure Eight Island and Hutaff Island behind the dry

beach habitat. This habitat is also found within the back side of the inlet system.

Benefits of Oceanfront Dune Communities to Plant Species

High temperatures, strong winds, and varying wet and dry conditions typical of a dune
environment provide unique conditions for plant species with specific adaptations. These
specific adaptations include plant species that grow extensive root systems, allowing for prolific
growth in unconsolidated beach sand. Perennial grasses are the primary stabilizers of frontal
dune systems along beaches 