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The National Park Service (NPS) prepared this draft environmental impact statement (DEIS) for a sediment
management framework at Cape Hatteras National Seashore (the Seashore). The purpose of the DEIS is to
develop a streamlined framework for permitting sediment management actions at the Seashore, including the
methods, locations, and frequency for sediment management actions that may be permitted over the next 20
years. In this context, the DEIS will address certain sediment management activities that may be requested by
local jurisdictions, utility companies, state agencies, other federal agencies, and in some cases, the Seashore.

This DEIS presents three alternatives: A, B, and C. The Seashore has received requests and anticipates future
requests for sediment management activities to protect critical infrastructure such asroads, bridges, electrical
transmission facilities, and other public transportation facilities; to repair island damages, including breaches that
also affect transportation; and to restore habitat through the placement of dredged materials along eroded sections
of barrier islands.

A sediment management framework is needed to assist the Seashore in addressing these requests in a timely
manner, while avoiding and minimizing impacts that may be associated with such actions. Permitted sediment
management activities would require consistent mitigation measures to reduce the impacts on park resources and
values. The DEIS analyzes the beneficial and adverse impacts that could result from implementing any of the
alternatives considered on littoral processes and barrier island morphology; benthic organisms and essential fish
habitat; sea turtles; listed shorebird species; and structures and infrastructure. Upon conclusion of the DEIS and
decision-making process, one of the alternatives (or a combination of alternatives) will be selected for
implementation and will update the approach for permitting sediment management activities at the Seashore.

This DEIS is being prepared in cooperation with the US Army Corps of Engineers (USACE) Wilmington
District Regulatory and Planning Divisions, the US Fish and Wildlife Service (FWS), the Bureau of Ocean
Energy Management (BOEM), the North Carolina Department of Transportation (NCDOT) Ferry and Highway
Divisions, the North Carolina Wildlife Resources Commission (NCWRC), Dare County, and Hyde County.

The review period for this document will end 45 days after publication of the US Environmental Protection
Agency Notice of Availability in the Federal Register. Comments will be accepted during the comment period
through the NPS Planning, Environment, and Public Comment website at

https://parkplanning.nps.gov/CAHA Sediment or in hard copy delivered by the US Postal Service or other mail
delivery service or hand-delivered to the address below. Comments will not be accepted by fax, email, or in any
other way than those specified above. Bulk comments in any format (hard copy or electronic) submitted on
behalf of others will not be accepted. Before including your address, telephone number, electronic mail address,
or other personal identifying information in your comments, you should be aware that your entire comment
(including your personal identifying information) may be made publicly available at any time. While you can ask
us in your comments to withhold your personal identifying information from public review, we cannot guarantee
that we will be able to do so.

For more information, visit https:/parkplanning.nps.cov/CAHASediment.
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SUMMARY

This sediment management framework and draft environmental impact statement (DEIS) presents three
alternatives for sediment management at Cape Hatteras National Seashore (the Seashore). This
framework would guide NPS special use permitting over the next 20 years for sediment management
activities such as beach nourishment; dune stabilization; emergency breach repair; and habitat restoration.
Permitted sediment management activities would require consistent mitigation measures to reduce the
impacts on park resources and values. This framework includes mitigation measures to reduce impacts to
Seashore resources and visitors that may be associated with proposed projects.

This DEIS assesses the potential impacts of the alternatives on littoral processes and barrier island
morphology, benthic organisms and essential fish habitat (EFH), sea turtles, listed shorebird species, and
structures and infrastructure (including park recreation, park lands, economics, and visitation). This DEIS
is being prepared in cooperation with the US Army Corps of Engineers (USACE) Wilmington District
Regulatory and Planning Divisions, the US Fish and Wildlife Service (FWS), the Bureau of Ocean
Energy Management (BOEM), the North Carolina Department of Transportation (NCDOT) Ferry and
Highway Divisions, the North Carolina Wildlife Resources Commission (NCWRC), Dare County, and
Hyde County.

BACKGROUND

The Seashore is located along the Outer Banks of North Carolina and is the nation’s first national
seashore, authorized in 1937 and reauthorized as Cape Hatteras National Seashore Recreational Area in
1940. Consisting of more than 30,000 acres distributed along approximately 67 miles of ocean-facing
shoreline, the Seashore is part of a dynamic barrier island system. Nine villages, including Nags Head,
Rodanthe, Waves, Salvo, Avon, Buxton, Frisco, Hatteras, and Ocracoke, are located adjacent to or within
the Seashore. The Seashore and villages are accessible by North Carolina Highway 12 (NC 12); private
boat; and the Hatteras-Ocracoke, Swan Quarter, and Cedar Island ferries. Given its local and regional
popularity, the Seashore draws over 2 million visitors a year with opportunities to experience the ocean
and sound beaches. Tourism is the largest industry in the Outer Banks, and Seashore visitors contribute
substantially to the local economy (MAI 2015).

At the Seashore, human activities and structures have contributed to the alteration of natural shoreline
processes. These activities and structures include dredging of navigation channels, hardened structures
such as groins, dune building, overwash scraping (the process of removing/scraping overwash sand
deposition off the road or other built features), and relative sea-level rise resulting from the warming
temperatures caused by human-driven emissions (NPS 2015c¢). Sand fencing, grass planting, and dune
building occurred in the 1930s and continued into the 1960s at the Seashore. Beach nourishment began in
the 1960s and continues today. These human activities are changing the pace, magnitude, timing, and
other aspects of natural ecosystem processes at the Seashore (NPS 2016c¢). Increased storm frequency and
intensity have also impacted the natural migration and evolution of the barrier island environments at the
Seashore (NPS 2015c). Numerous actions have been taken to protect and repair areas after high water
events. Erosion rates are as high at 10 feet (ft) per year in some areas of the Seashore (CSE 2015). Over
the next 30 years, approximately 5 to 10 inches (in) of sea-level rise are projected, potentially impacting
Seashore resources, private property, and NC 12 (NOAA 2020b). Areas of frequent erosion within the
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Seashore that have been identified for potential sediment management are based on repeated observations
over the past several decades by NPS staff and state agencies; feasibility studies conducted by the
NCDOT; erosion studies; local residents; consulting engineers; geologists; and surveyors. In some
locations (e.g., portions of Ocracoke Island and the end of Hatteras Island) these areas of frequent erosion
result in the loss of shoreline and upland habitats.

PURPOSE AND NEED

The purpose of taking action is to develop a framework for issuing special use permits for sediment
management at the Seashore to mitigate impacts of human-altered shoreline processes, consistent with
applicable NPS management policies. This framework will include the method, locations, and frequency
for sediment management actions that may be permitted over the next 20 years. By developing a
framework, the Seashore can consider the impacts of multiple sediment management actions over many
years in a more comprehensive context and cumulative manner. The Seashore has received requests and
anticipates future requests for sediment management activities to protect critical infrastructure such as
roads, bridges, electrical transmission facilities, and other public transportation facilities; to repair island
damages, including breaches that affect transportation; and to restore habitat through the placement of
dredged materials along eroded sections of barrier islands. The Seashore needs a sediment management
framework to assist in addressing these requests in a timely manner, while avoiding and minimizing
impacts that may be associated with such actions.

ALTERNATIVES

The alternatives under consideration must include a “no-action” alternative as prescribed by 40 CFR
1502.14. Alternative A in this document is the “no-action” alternative. “No action” in this case would
mean the proposed actions would not take place, and the resulting environmental effects from taking no
action would be compared with the effects of permitting the proposed action or alternate action (CEQ
1981). Action alternatives may originate from the proponent agency, local government officials, or
members of the public at public meetings or during the early stages of project development. Alternatives
may also be developed in response to comments from coordinating or cooperating agencies. The
alternatives analyzed in this document, in accordance with the National Environmental Policy Act
(NEPA), are the result of internal and public scoping. These alternatives meet the overall purpose of and
need for taking action. Alternative elements that were considered but were not technically or
economically feasible, did not meet the purpose of and need for the project, or created unnecessary or
excessive adverse impacts on resources were dismissed from further analysis. These alternatives are
described briefly below and presented in greater detail in chapter 2.

Alternative A (No-Action Alternative)

Under alternative A, the NPS would not permit sediment management activities at the Seashore over the
next two decades. NCDOT currently maintains a right of way (ROW) easement through the Seashore for
NC 12, and alternative A would preclude NCDOT from implementing sediment management to protect NC
12 outside of its existing ROW. Partners, such as Dare County, would not be permitted to perform beach
nourishment projects along the Seashore. Other partners, such as USACE, that may wish to work with the
Seashore to implement habitat restoration projects through the placement of sediment would not be
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permitted to implement those projects. Under alternative A, permits also would not be issued for any
sediment management activities on the Pea [sland National Wildlife Refuge (NWR) section of the Seashore.

During development of this EIS, unforeseen storm and tidal events may warrant emergency action by
agencies such as NCDOT to maintain critical infrastructure (such as NC 12) at the Seashore. These
actions may occur outside of the NCDOT right of way and may require a special use permit (SUP) from
the NPS. Actions may include sediment management to stabilize dunes, sand scraping, use of sand bags,
and emergency breach repair. Under alternative A, the NPS would only issue a SUP for sediment
management in extreme situations during the development of this EIS.

Alternative B (Proposed Action / Preferred Alternative)

Under alternative B, the NPS could permit other agencies and municipalities to conduct, with conditions,
sediment management in the form of sound side and ocean side beach nourishment, dune restoration, and
filling island breaches. Applicants would be encouraged to develop long-term, sustainable strategies that
allow for the shoreline to respond dynamically to sea-level rise and erosion. They would also be encouraged
to consider alternative management actions (e.g., retreat, relocation, etc.).

Projects on the sound side would probably be smaller in scale than the anticipated ocean side projects,
as described under the “Project Parameters” sections below. Projects on the sound side could include
beach nourishment, stabilization of existing infrastructure, and habitat restoration (for example, on
Green Island). For many of these projects, the sediment source is likely to be trucked in from existing
stockpiles.

Monitoring would be implemented before and after beach nourishment projects for the purposes of
learning and improving conditions associated with future projects. Additionally, under alternative B, the
NPS would set aside 5 sections totaling approximately 13 Seashore miles from consideration for sediment
management activities in all cases except for emergencies. The primary purpose of excluding these areas
is to study their ecology and provide reference zones that may be used in comparative studies with
nourishment study areas. Those comparisons may warrant future modification of the frequency, timing,
and other methods associated with nourishment projects.

Sediment Management Actions

Alternative B would permit the following actions along approximately 54 miles of Seashore. Sediment
management activities would generally not be permitted along approximately 13 noncontiguous miles of
beach set aside for monitoring (as noted above) where beach width or lack of vulnerable infrastructure
indicate a low potential for requests to manage sediment.

Beach Nourishment

Beach nourishment would be permitted by the NPS at vulnerable sites along the Seashore oceanfront and
sound side. Beach nourishment may include placement of material dredged from offshore waters or
trucked in from other locations (anticipated to be outside of NPS property boundaries). The NPS may also
undertake beach nourishment on the sound side of the Seashore.
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Habitat Restoration

The NPS would work with other agencies to use sediment to restore habitat for nesting wildlife including
shorebirds, in locations such as the end of the Hatteras Island area or Green Island in Oregon Inlet. NPS may
also consider wildlife habitat restoration elsewhere at the Seashore through the placement of sediment.

Dune Nourishment and Sand Relocation

Alternative B may include dune reconstruction and/or enhancement in some areas, as well as moving or
regrading sand in order to protect natural and cultural resources, existing access, and public facilities.
Actions that promote dune building processes, such as beach grass planting and installation of sand
fencing, are included in alternative B and may be carried out by the NPS or by a permittee.

Emergency Breach Repairs

When storm events create inlets or overwash areas that damage roadways, these geologic features may be
addressed by trucking, staging, and pumping sand in from nearby or other locations to fill in the island
breach. A breach is the condition where a channel across the island permits the exchange of ocean and
sound waters under normal tidal conditions — there can be a partial or full breach (USACE 2016).

Project Parameters

Sediment management actions permitted under alternative B would fall within the general parameters of
past, approved sediment management projects (unless improved methods are discovered). Permitted
actions would be required to comply with all conditions specifically developed and prepared by state and
federal agencies to minimize impacts to natural and cultural resources, recreation, and public access, as
well as to promote health and safety near the proposed project.

Sediment Characteristics (Grain Size and Slope)

The grain size, color, texture, and geologic characteristics of the material from the borrow site would be
required to be a close match to the native beach or shore conditions found at the proposed project site.
Additionally, a beach should generally be designed such that it will be sloped similar to pre-project
conditions following natural adjustment of the profile under wave and wind conditions. The “constructed”
slope immediately following project completion may be steeper than the pre-project slope, but the
“design” slope should be similar to pre-project conditions.

Volume

The volume of material used for projects is assumed to be between 50-250 cubic yards/foot, and
scheduled projects would range from less than a mile to a maximum approximately 6 miles in length
annually for ocean side sites. Based on past projects, it is expected that 7.92 million cubic yards would be
placed along the ocean side of the Seashore at most, annually. In the event an emergency is declared
following a severe storm event, an additional 6 miles of sediment management (an additional 7.92 million
cubic yards) may be considered after completing necessary regulatory permit processes.

Borrow Areas

Over the last decade, sediment used for projects at the Seashore has been dredged from locations in the North
Carolina Exclusive Economic Zone (Nags Head 2011; Buxton 2017; Nags Head 2019), which is the inshore
portion of the continental shelf, extending from the shoreline to 3 miles offshore. Sediment for future projects
may be sourced from borrow areas located beyond 3 nautical miles offshore, in federal waters on the Outer
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Continental Shelf (OCS), where BOEM holds the authority to authorize use of OCS sand. Alternately,
projects can consider bringing in sediment from existing stockpiles via trucks or other methods.

Frequency and Extent

The frequency of nourishment projects permitted at a specific site would be limited under alternative B to
allow re-establishment of benthic communities following sediment placement. Alternative B would
permit sediment management on up to 6 miles of the Seashore annually, recurring at individual sites as
frequently as every three years. A nourished area would not be eligible to receive material again within
the three-year period unless permitted under an emergency declaration. If an emergency is declared
following a severe storm event, an additional 6 miles of sediment management may be permitted.

Time of Year

The NPS would recommend that proposed actions at the Seashore occur between November 16 and
April 1 to avoid breeding and migration periods for listed shorebird species and nesting seasons for sea
turtles. However, where safety conditions may preclude winter-time activities (e.g., emergency response,
projects that require open-ocean dredging), the Seashore may permit summertime work, with the
requirement that permittees work closely with other resource agencies to incorporate avoidance and
minimization measures.

Alternative C

Alternative C would be similar to alternative B in that it includes beach nourishment, dune nourishment
and sand relocation, and emergency breach repairs as described under alternative B. Sediment
characteristics, volume, borrow areas, time of year, and mitigation measures would be same as described
under alternative B. The frequency and extent of nourishment projects would differ under this alternative;
sediment management may occur on up to 6 miles of beach every 5 years. The establishment of exclusion
areas for reference monitoring as stated in alternative B would not take place under this alternative. This
alternative would not result in the development of a consistent framework for sediment management that
meets permitting needs at the Seashore for the next 20 years.

Alternatives Considered but Dismissed

The following alternatives were considered for inclusion within this framework; however, each was
dismissed for the reasons described in chapter 2.
= Hardened structures
New bridges
Winter-only beach nourishment
Living shoreline and marsh restoration
Removal of the Avon Pier
Unlimited beach nourishment
Relocation and abandonment of NC 12, coastal retreat, and abandonment of the Seashore
Dredging within the Seashore boundary
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ENVIRONMENTAL CONSEQUENCES

This DEIS evaluates the direct, indirect, and cumulative impacts on the natural and human environment
(i.e., physical, natural, cultural, and socioeconomic resources) that could result from the implementation
of the alternatives under consideration. It is important to note that emergency work may be permitted
while this EIS is under development. This is further detailed in chapter 2. Impact topics analyzed in detail
in this DEIS include: littoral processes and barrier island morphology, benthic organisms and EFH, sea
turtles, listed shorebird species, and structures and infrastructure. Impacts were assessed using the Council
on Environmental Quality (CEQ) and the US Department of the Interior (DOI) regulations, policy, and
guidance on NEPA implementation. The following provides a general summary of the impacts compared
across alternatives; detailed descriptions are provided in chapter 4.

Littoral Processes and Barrier Island Morphology

Under alternative A, relative sea-level rise, climate change, wind and waves would continue to impact
littoral processes and barrier island morphology. Littoral processes and barrier island morphology would
continue to evolve, from the previously modified and moderately engineered system to a dynamic barrier
island system with increased erosion, island narrowing, and increased overwash events. Under
alternative A, the volume of sediment on the visible (sub-aerial) portion of the barrier island would likely
continue to diminish over time.

In comparison, alternative B may help maintain the continuity of the barrier island system at a
management scale (months to years) by increasing or maintaining the volume of sediments available for
erosion along some sections of the beach, dune, and sound side shorelines. This may reduce the frequency
of overwash and breach events, which may be potentially beneficial in allowing barrier systems to
respond to relative sea-level rise. Habitat restoration, dune nourishment, and sound side sediment
placement would likely create additional sources of erodible sediments to help the Seashore mitigate land
loss over the lifetime of the proposed framework. It is likely that sediment management activities would
slow the effects of chronic erosion along the Seashore at a management scale (i.e., months to years).
Under alternative B, up to 158 million cy of sediment placement would be permitted along the Seashore
over the 20-year lifetime of this framework. This volume would be used to mitigate erosion of beaches,
dunes, and uplands across the Seashore over the lifetime of alternative B.

Alternative C would result in a smaller departure from current conditions than alternative B, because the
frequency of projects would be designed to reflect the current status quo along the Seashore. This
alternative would permit up to approximately 24 million cy of sediment placement along the Seashore
over the next two decades. As is the case under alternative B, alternative C would involve the burial of
nearshore and shoreline habitats, but many of these would be eroded naturally under the condition
described in alternative A.

While sediment management activities under alternatives B and C would likely cause some temporary
impacts (lasting weeks to months) to littoral processes and barrier island morphology, alternative B would
likely help maintain continuity of the processes and habitats that have been in place along the Seashore in
recent years.
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Under alternative A, relative sea-level rise, climate change, and wind and waves would continue to
impact littoral processes and barrier island morphology. Under alternative A, littoral processes and
barrier island morphology would evolve naturally, from the previously modified and moderately
engineered system to a dynamic barrier island system with increased erosion, island narrowing, and
increased overwash events. Under alternative A, the volume of sediment on the visible (sub-aerial)
portion of the barrier island would likely continue to diminish over time. In comparison, alternative B
and alternative C may help maintain the continuity of the barrier island system at a management scale
(months to years) by increasing or maintaining the volume of sediments available for erosion along
some sections of the Seashore. This may reduce the frequency of overwash and breach events. Under
alternative B, up to 7.92 million cy per year of sand placement (assuming up to 6 miles of beach per
year, with up to approximately 1.32 million cy of sand per mile) along the Seashore would be a
substantial contribution of sand to the system. This volume would be used to mitigate erosion of
beaches, dunes, and uplands across the Seashore over the lifetime of alternative B.

Under alternative C, the impacts of each individual project on littoral processes and barrier island
morphology would be the same as under alternative B, but the total impact of all sediment management
activities would be reduced due to the decreased frequency of actions (only up to 6 miles of project
permitted every 5 years). The degree of reduction in the impacts under alternative C as compared to
alternative B would be proportional to the reduction in volume of sediment placed under alternative C.

Benthic Organisms and Essential Fish Habitat

Under alternative A, benthic communities and EFH/habitat area of particular concern (HAPC) within the
wet beach and nearshore environments on the Atlantic and Pamlico Sound sides of the Seashore and at
the inlets may be impacted by continued erosion leading to potential habitat disappearance and
degradation including steeper beach profile and recurrent inlet breaches. Although it is difficult to predict
the specific consequences of relative sea-level rise and the human activities conducted at the Seashore,
modeling studies of relative sea-level rise have predicted a reduction in intertidal habitat and a decline in
intertidal benthic communities. Modeling studies have also indicated that relative sea-level rise would
reduce certain types of EFH including intertidal mud flats, submerged aquatic vegetation (SAV), and tidal
marsh, and would lead to a decline in abundance and diversity of the benthic communities within these
habitats. However, unvegetated, subtidal bottom and pelagic EFH, estuarine water column, soft bottom,
and hard bottom, could benefit from increased depth of the water column and associated increases in
productivity and nutrient uptake of phytoplankton which would improve food resources available in
benthic communities and EFH.

Compared to alternative A, alternative B would likely provide a wider dry-sand beach and restore a less
steep beach profile through sediment management at specific sites. This may temporarily improve habitat
for benthic communities and help to mitigate the effects of relative sea-level rise. Alternative B would result
in the burial of benthic communities at the project site, with impacts anticipated to last between six months
to several years (Baptist et al. 2009; Rosov et al. 2016; Wilber and Clark 2007). Unlike alternative A,
alternative B would temporarily introduce more turbidity into the water column, impacting EFH and
HAPCs. Completing a maximum of 6 miles of beach nourishment in a year would involve dredging impacts
that would result in a temporarily depleted benthic community over a small area of offshore substrate in the
potential borrow areas, but would not impact the overall condition of the EFH or the benthic community
offshore of the Seashore as a whole. If an emergency is declared following a severe storm event, an
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additional 6 miles of sediment management may be permitted every five years. Impacts from this scenario
would likely be the same as those mentioned above, butat a slightly larger magnitude. Alternative B would
also preserve approximately 13 noncontiguous miles (approximately 20% of the Seashore) as reference
areas and remove them from consideration for sediment management activities in all cases except for
emergencies. These reference areas may be used to perform comparative studies with nourishment project
study areas. Information gained from these studies could further improve conditions associated with future
projects, including modification of the frequency and timing of sediment management activities and other
project parameters.

Alternative C would also provide a wider dry-sand beach, but sediment management activities would
occur at fewer locations, less often than under alternative B. The impacts of each individual project would
be the same as those described for alternative B, but the collective impact of all sediment management
activities would be much less. Under alternative C, sediment management activities would occur along 6
miles of beach over a period of 5 years, rather than 6 miles each year as assumed under alternative B. It
can be assumed that trends discussed in chapter 3 would continue under this alternative since project
frequency would be similar to historic frequencies. Alternative C would not incorporate beneficial
monitoring or a holistic framework.

Alternative C would result in similar project specific impacts to alternative B; however, projects would
occur at a lesser frequency resulting in less disturbance to the benthic community and EFH/HAPC. Over
the course of 5 years, it is anticipated that impacts from sediment management activities would not exceed
9% of the Seashore.

While impacts from sediment management activities under alternative B are anticipated to last from six
months to several years for benthic communities and EFH, alternative B may help maintain the continuity
of the barrier island system at a management scale (months to years) by increasing or maintaining the
volume of sediments available for erosion along some sections of the beach, dune, and sound side
shorelines, thus creating and maintaining habitat for benthic communities. Because alternative A would
not permit sediment management activities beyond emergency actions within the NC 12 ROW and
alternative C would continue sediment management activities at a rate similar to current management, it is
anticipated they may not maintain the barrier island system as effectively as alternative B.

Sea Turtles

With no future permitted sediment management activities at the Seashore under alternative A, nesting
habitat loss could be exacerbated throughout the Seashore and particularly in developed areas where the
beach cannot naturally migrate inland in response to relative sea-level rise. An increase in frequency and
intensity of storm events may increase the overwash/inundation of sea turtle nests, the loss of nests to
erosion, and a decrease of available beach for nesting.

Based on recent nourishment efforts and the mitigation provided, there could be adverse impacts under
alternatives B and C, compared to alternative A, but these would likely be temporary. Alternative B
would permit sediment management activities along up to six miles of beach annually and up to 12 miles
every 5 years for emergency actions, potentially impacting sea turtle habitat selection, nesting, and
hatchling emergence through construction related activity and sediment composition. While impacts
could last until the second or third nesting season after project completion, it is anticipated that mitigation
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measures either already in place or required by permits and/or consultation documents would limit
adverse impacts and allow most, if not all, sea turtles that desired to nest in the study area an alternate
opportunity in nearby locations; thereby improving the chances for the continued use of the Seashore for
nesting by sea turtles. Additionally, landowners and localities would continue to use sand bags to protect
buildings and private property. However, under alternative B, sediment management activities would
potentially reduce the need for sand bags in the villages of the Seashore. Over the course of 20 years, it is
possible that alternative B may create or stabilize habitat for sea turtles. FWS also concluded similar
beneficial effects could result from an increase in sea turtle nesting habitat; and that a nourished beach
designed and constructed to mimic a natural beach system would benefit sea turtles more than an existing
eroding beach.

Alternative C would also provide a wider dry-sand beach for turtle nesting, but sediment management
would occur at fewer locations and less often (6 miles of beach every 5 years) than under alternative B.
The impacts of each individual project would be the same as those described for alternative B, but the
collective impact of all sediment management activities would be less.

Listed Shorebird Species

Under alternative A, shorebirds would not be impacted by construction related activity associated with the
NPS permitting of sediment management activities. It is likely erosion would continue along the Seashore
and in areas where the island is prohibited from migrating landward due to development, there could be a
loss of dry sand beach necessary for habitat. This loss could impact nesting, resting, foraging, migrating,
and wintering shorebirds, and shorebirds would most likely be displaced elsewhere. Alternative A could
increase the chance of overwash fans and inlet breaches in undeveloped areas which, although rare, could
create new habitat on the sound side shoreline, which would benefit shorebirds. Alternative B would
introduce impacts (lasting hours to several years) associated with construction noise and habitat
disturbance, as well as disturbance to benthic communities vital for foraging shorebirds. These impacts
would be confined to less than 9% of the total length of the Seashore every year (with construction related
impacts affecting less area). Alternative B may also create a wider dry sand beach necessary for nesting
and foraging for shorebird species. Additionally, the potential restoration of habitat on Green Island or the
south end of Hatteras Island and other areas of the Seashore may increase the total available habitat for
shorebirds at the Seashore, generally improving conditions for these species. Under alternative C, 67
miles of the Seashore would remain available at any given time with the exception of every 5 years when
61 miles would be available if sediment management activities are occurring; exclusion areas for
reference monitoring would not take place under this alternative. Alternative C would adversely and
beneficially impact listed shorebirds similarly, but on a smaller scale than alternative B. Benefits from the
monitoring component and holistic framework associated with alternative B would not be seen with
alternative C.

Under the alternative A, shorebirds would not be impacted by construction related activity associated with
the NPS permitting of sediment management. Itis likely erosion would continue along the Seashore and in
areas where the island is prohibited from migrating landward due to development, there could be a loss of
dry sand beach necessary for habitat. This loss could impact nesting, resting, foraging, migrating, and
wintering shorebirds, and shorebirds would most likely be displaced elsewhere. Alternative A could increase
the chance of overwash fans and inlet breaches, which, although rare, could create new habitat on the sound
side shoreline, which would benefit shorebirds. Alternative B and alternative C would introduce impacts
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(lasting hours to several years) associated with construction noise and habitat disturbance, as well as
disturbance to benthic communities vital for foraging shorebirds. These impacts would be confined to less
than 9% of the total length of the Seashore every year under alternative B (with construction related impacts
affecting less area). At least 61 miles of the Seashore (91%) would remain available at any point, and of
those 61 miles, 13 miles (approximately 20%) of the Seashore would be set aside as reference zones and not
considered for sediment management activities (inall cases except for emergencies). Under alternative C,
67 miles of the Seashore would remain available at any given time with the exception of every five years
when 61 miles would be available if sediment management activities are occurring. Exclusion areas for
reference monitoring would not take place under alternative C. Alternative B and alternative C may also
create a wider dry-sand beach necessary for nesting and foraging for shorebird species. Additionally, the
potential restoration of habitat on Green Island or the south end of Hatteras Island and other areas of the
Seashore may increase the total available habitat for shorebirds at the Seashore, generally improving
conditions for these species. Alternative C would impact listed shorebirds in similar ways as alternative B,
but on a smaller scale.

Structures and Infrastructure

Under all alternatives, there would be continued adverse impacts on Seashore resources, values, and
infrastructure, as well as private property and NC 12 because of the erosion resulting at least partially
from human activities, existing hardened structures along the Seashore, and storm and extreme high tide
events. Under alternative B and alternative C, these impacts would be temporarily lessened in and near
the locations of the sediment management project, while the sediment remains in place. Alternative B
would result in the greatest reduction of impacts to structures and infrastructure.

Under all alternatives, NC 12 closures would cause residents and visitors to lose access to the Seashore,
and emergency personnel would need to rely on alternate methods of providing relief such as by
emergency ferry routes. These adverse situations may be less severe and less frequent under alternative B
and alternative C, but they would not be eliminated.

Under all alternatives, beachfront buildings and other infrastructure would continue to suffer damages,
requiring closures that would result in loss of revenue from tourism as well as costs incurred by property
owners for emergency protection measures and repairs. These adverse situations may be less severe and
less frequent under alternative B and alternative C but would not be eliminated.

Alternative B and, to a lesser extent, alternative C may result in beneficial impacts to Seashore access by
creating wider beaches. This may have secondary, temporary beneficial impacts on NC 12, other roads,
and infrastructure adjacent to the shoreline. Under alternative B and, to a lesser extent, alternative C,
access to the Seashore by residents and visitors may be maintained or restored more quickly after storm
events because NC 12 may be less vulnerable to storm damages. Emergency personnel and equipment
may be better able to access areas in need, more quickly restoring power and other vital services.
Beachfront businesses may also experience less damage, allowing them to reopen more quickly after
damage does occur, reducing their overall revenue losses. Overall, the improved access to the Seashore
may temporarily allow the tourism-based economy to be more resilient under alternative B and
alternative C compared to alternative A.
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NEXT STEPS

The review period for this document will end 45 days after publication of the US Environmental
Protection Agency Notice of Availability in the Federal Register. Substantive written comments on the
DEIS will be fully considered and evaluated when preparing the final EIS. The final EIS will be available
online at the project website (https://parkplanning.nps.gov/CAHASediment). The publication of the final
EIS will initiate a 30-day waiting period. Following the 30-day waiting period, one of the alternatives, or
a combination of alternative elements, will be documented in a Record of Decision signed by the NPS
South Atlantic Gulf Region 2 Regional Director.

xi Summary
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CHAPTER 1: PURPOSE AND NEED

INTRODUCTION

Cape Hatteras National Seashore (the Seashore) is located along the Outer Banks of North Carolina and is
the nation’s first national seashore, authorized in 1937 and reauthorized as Cape Hatteras National
Seashore Recreational Area in 1940. Consisting of more than 30,000 acres distributed along
approximately 67 miles of ocean-facing shoreline, the Seashore is part of a dynamic barrier island system
(see figure 1 in appendix A). The Seashore was established to preserve the wild and primitive character of
the ever-changing barrier islands, protect the diverse plant and animal communities sustained by the
coastal island processes, and provide for recreational use and enjoyment that is compatible with
preserving the distinctive natural and cultural resources of the Seashore. Nine villages, including Nags
Head, Rodanthe, Waves, Salvo, Avon, Buxton, Frisco, Hatteras, and Ocracoke, are located adjacent to or
within the Seashore (see figure 2 in appendix A). The Seashore property encompasses a mix of land uses
with villages, residences, commercial uses, tourist attractions, and nationally important resources existing
within and adjacent to NPS managed areas. The Seashore and villages are accessible by North Carolina
Highway 12 (NC 12); private boat; and the Hatteras-Ocracoke, Swan Quarter, and Cedar Island ferries.
Given its local and regional popularity, the Seashore draws over 2 million visitors a year with
opportunities to experience the ocean and sound beaches.

Pea Island National Wildlife Refuge (Pea Island NWR or refuge) is located within the boundaries of Cape
Hatteras National Seashore and jointly managed by the US Fish and Wildlife Service (FWS) and National
Park Service (NPS). Executive Order 7864 established Pea Island NWR on April 8, 1938, as a refuge and
breeding ground for migratory birds and other wildlife. Presidential Proclamation 2284 closed a 25,700-
acre area encompassing the refuge and a portion of the Pamlico Sound west of and adjacent to the refuge
to migratory bird hunting. The refuge covers approximately 5,000 acres (reduced by erosion from the
original 5,915 acres). The purpose of Pea Island NWR is to protect and conserve migratory birds and
other wildlife resources through the protection of wetlands, in accordance with the following: “...as

a refuge and breeding ground for migratory waterfowl and other wildlife...” (Executive Order 7864,
August 8, 1938). The Department of the Interior (DOI) Secretarial Order establishing the Seashore in
1953 states, “As provided in Section 5 of the Act of August 17, 1937, as amended, the lands comprising
the Pea Island National Wildlife Refuge shall continue to be administered as a Refuge by the Fish and
Wildlife Service and shall be administered by the National Park Service for recreational uses not
inconsistent with the purposes of the Refuge, pursuant to this order.” The Pea Island NWR portion of the
Seashore is included in this plan through FWS participating as a Cooperating Agency; permitting for
projects on Pea Island NWR would be administered by FWS as described in chapter 2.

Natural accretion and erosion processes have been impacted at the Seashore for decades due to
anthropogenic activities (e.g., dune building, dune vegetation planting, inlet dredging, and maintenance of
dunes) and other changes (e.g., relative sea-level risel, increased storm frequency and intensity). As a result,
natural migration and evolution of the barrier island environments are impacted. Numerous actions have
been taken to protect and repair areas after high water events. Erosion rates are as high as 10 ft per year in
some areas of the Seashore (CSE 2015). Over the next 30 years, approximately 5 to 10 in of sea-level rise

! Sea levelrelative to a fixed vertical datum on land, taking into account processes suchas subsidence, which is the
sudden sinking or gradual downward settling of theground’s surface.
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are projected, potentially impacting Seashore resources, private property, and NC 12 (NOAA 2020b).
Figures 3 and 4 in appendix A illustrate areas of frequent erosion within the Seashore that have been
identified for potential sediment management. These areas of frequent erosion are based on repeated
observations over the past several decades by NPS staff and state agencies; feasibility studies conducted by
the North Carolina Department of Transportation (NCDOT); erosion studies; local residents; consulting
engineers; geologists; and surveyors. In some locations (e.g., portions of Ocracoke Island and the end of
Hatteras Island) these areas of frequent erosion result in the loss of shoreline and upland habitats.

The Seashore is developing a framework for authorizing particular sediment management actions within
its boundaries, including consistent mitigation measures to reduce the impacts on park resources and
values. This framework would provide parkwide guidelines for the Special Use Permit (SUP) applications
NPS may receive from entities needing to address transportation maintenance actions and other sediment
management requests during the next 20 years. The Seashore has developed alternatives in response to
past, current, and anticipated future requests from agencies such as NCDOT, Dare County, and the US
Army Corps of Engineers (USACE) for the purposes of:
1) Protecting critical infrastructure such as roads, highway, bridges, ferry terminals, electrical
transmission facilities, and other public transportation facilities;
2) Repairing island damages, including breaches, that also affect transportation; and
3) Restoring habitat through the placement of dredged materials along eroded sections of
barrier islands.

Sediment management activities are the suite of activities proposed under the action
alternatives. These include sound side and ocean side beach nourishment, dune
restoration, filling island breaches, and habitat restoration.

BACKGROUND

Sediment management measures have been used periodically at the Seashore to control erosion and
stabilize man-made sand dunes (NPS 2013). From the 1930s through the 1960s, active dune building and
revegetation efforts occurred along the Seashore. Since the 1970s, localized nourishment has been used to
combat severe erosion in some locations such as Ocracoke Island, the Buxton/Cape Hatteras Point area,
and Rodanthe. In some places, segments of beach are relatively stable and erosion has not affected
transportation or visitor access. In other places, highly eroded beaches result in impacts to dunes and in
the ocean waters flooding NC 12, into Seashore facilities, and within adjacent communities.

Historically, the NPS’s policy has been to avoid intervention in natural biological or physical processes in
park units except:

= When directed by Congress;

= Inemergencies in which human life and property are at stake;

= To restore natural ecosystem functioning that has been disrupted by past or ongoing human
activities; or

= \When a park plan has identified the intervention as necessary to protect other park resources,
human health and safety, or facilities (NPS Management Policies 2006 § 4.1).
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This same policy has long applied to shorelines in park units. Where shoreline processes are “natural”
(that is, not altered by human activities or structures), the NPS policy is to allow those unaltered processes
to continue. However, where shoreline processes have been altered by human activities or structures, the
NPS policy is to investigate alternatives for:

= Mitigating the effects of those activities or structures; and

®  Restoring natural conditions (NPS Management Policies 2006 § 4.8.1.1).

At the Seashore, human activities and structures that have altered natural shoreline processes include
dredging of navigation channels, hardened structures such as groins, dune building, overwash scraping (the
process of removing/scraping overwash sand deposition off the road or other built features), and relative
sea-level rise resulting from the warming temperatures. Sand fencing, grass planting, and dune building
occurred in the 1930s and continued into the 1960s at the Seashore. Beach nourishment began in the 1960s
and continues today. These human activities are changing the pace, magnitude, timing, and other aspects of
natural ecosystem processes at the Seashore; therefore, meeting the criteria in the policy statement listed
above (NPS 2016c). Itis consistent with NPS policy for the NPS to — at the appropriate time and in the
appropriate circumstances — intervene in various processes at coastal parks in order to mitigate these human-
caused impacts and protect certain park resources and values (NPS 2016c¢). There is no requirement for the
NPS to mitigate or intervene; instead the NPS investigates, or evaluates, potential mitigation or intervention
alternatives. Any such intervention would be kept to the minimum necessary to achieve the stated
management objectives (NPS Management Policies 2006 § 4.1and § 4.8.1.1). In the case of sediment
management, the costs associated with trying to mitigate impacts associated with human-influenced erosion
are significant and generally beyond the Seashore’s capacity. Therefore, actions associated with sediment
management have traditionally been carried out and funded by partner agencies.

PURPOSE OF AND NEED FOR ACTION

The purpose of taking action is to develop a framework for issuing special use permits for sediment
management at the Seashore to mitigate impacts of human-altered shoreline processes, consistent with
applicable NPS management policies. This framework will include the method, locations, and frequency
for sediment management actions that may be permitted over the next 20 years. By developing a
framework, the Seashore can consider the impacts of multiple sediment management actions over many
years in a more comprehensive context and cumulative manner. The Seashore has received requests and
anticipates future requests for sediment management activities to protect critical infrastructure such as
roads, bridges, electrical transmission facilities, and other public transportation facilities; to repair island
damages, including breaches that also affect transportation; and to restore habitat through the placement
of dredged materials along eroded sections of barrier islands. The Seashore needs a sediment management
framework to assist in addressing these requests in a timely manner, while avoiding and minimizing
impacts that may be associated with such actions.

COOPERATING AGENCIES

This DEIS was prepared in cooperation with the following agencies: Bureau of Ocean Energy
Management (BOEM), FWS, the USACE Wilmington District (Regulatory and Planning Divisions),
NCDOT (Ferry and Highway Divisions), North Carolina Wildlife Resources Commission (NCWRC),
Dare County, and Hyde County. Federal cooperating agency partners contributed to the development of
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this DEIS in accordance with National Environmental Policy Act (NEPA) regulations and may use this

DEIS to support future actions related to sediment management activities at the Seashore. Adopting this
framework could help streamline agencies’ future NEPA efforts and allow them to focus any additional

analysis on new information or project-specific activities that are not fully analyzed herein.

Recognizing that outer continental shelf (OCS) sand resources may be identified over the 20 year
planning period to support future NPS sediment management actions (i.e., beach nourishment), BOEM
has agreed to serve as a cooperating federal agency in the development of this DEIS and may undertake a
relevant action (i.e., authorize use of the OCS borrow area) that is related to, but unique from, the NPS
proposed action. BOEM’s alternate actions are to issue a negotiated agreement pursuant to its authority
under the Outer Continental Shelf Lands Act (OCSLA).

The FWS is the primary federal agency responsible for the conservation, protection, and enhancement of
the nation's fish and wildlife population and their habitats. Although the FWS shares some conservation
responsibilities with other federal, state, tribal, local, and private entities, it has specific trustee obligations
for migratory birds, threatened and endangered species, anadromous fish, and certain marine mammals. In
addition, the FWS administers a national network of lands and waters for the management and protection
of these resources. The National Wildlife Refuge Administration Act of 1966 (16 U.S.C. 88 668dd et
seq.) establishes a unifying mission for national wildlife refuges, outlines a process for determining
compatible uses of refuges, and reinforces and expands the compatibility standard. The act states, first and
foremost, that the mission of the National Wildlife Refuge System be focused singularly on wildlife
conservation. The National Wildlife Refuge System Improvement Act of 1997 (Refuge System
Improvement Act; P.L. 105-57) establishes a unifying mission for the Refuge System and a new process
for determining the compatibility of public uses on refuges. The act states that the mission of the Refuge
System, coupled with the purpose(s) for which each refuge was established, will provide the principal
management direction on that refuge. It states that the FWS will manage each refuge to:

= fulfill the mission of the Refuge System;

= fulfill the individual purposes of each refuge;

®  consider the needs of fish and wildlife first;

= fulfill the requirement of developing a comprehensive conservation plan for each unit of the
Refuge System, and fully involve the public in the preparation of these plans;
maintain the biological integrity, diversity, and environmental health of the Refuge System; and
®  recognize that wildlife-dependent recreational activities including hunting, fishing, wildlife

observation, wildlife photography, and environmental education and interpretation are
legitimate and priority public uses.

The FWS’s Policy on Maintaining Biological Integrity, Diversity, and Environmental Health

(601 FW 3) provides guidance on maintaining or restoring the biological integrity, diversity, and
environmental health of the Refuge System, including the protection of a broad spectrum of fish,
wildlife, and habitat resources in refuge ecosystems. It provides refuge managers with a process for
evaluating the best management direction to prevent the additional degradation of environmental
conditions and restore lost or severely degraded components of the environment. It also provides
guidelines for dealing with external threats to the biological integrity, diversity, and environmental
health of a refuge and its ecosystem.
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In defining the relationship between the Refuge System mission and refuge purpose(s), the policy states,
“we view the System mission, goals, and unit purpose(s) as symbiotic; however, we give priority to
achieving a unit’s purpose(s) when conflicts with the System mission or a specific goal exist.” Biological
Integrity, Diversity, and Environmental Health policy mandates, “We will, first and foremost, maintain
existing levels of biological integrity, diversity, and environmental health at the refuge scale.”
Secondarily, the policy requires refuges to “restore lost or severely degraded elements of integrity,
diversity, environmental health at the refuge scale and other appropriate landscape scales where it is
feasible and supports achievement of refuge purpose(s) and System mission.” Refuge management
priorities are first for the achievement of refuge-specific purposes with a secondary priority of
maintenance, and, where appropriate, restoring biological integrity, diversity, and environmental health,
where they do not conflict with refuge purposes.

The FWS has agreed to serve as a cooperating Federal agency in the development of this DEIS and may
undertake actions on the Pea Island NWR portion of the Seashore as described in this DEIS. Proposed
uses or projects on the Pea Island NWR portion of the Seashore will require a permit from FWS as
described in chapter 2.

The other federal, state and, local partners are also participating as cooperating agencies on this DEIS due
to their role in reviewing or sponsoring future projects. More information of state and federal permits,
licenses, and approvals is included appendix B.

ISSUES AND IMPACT TOPICS RETAINED FOR ANALYSIS

Impact topics identify resources within the study area that could be affected, either beneficially or
adversely, by the range of alternatives.

Littoral Processes and Barrier Island Morphology

When natural processes have been impacted by human activities and/or structures, the Seashore must be
managed differently than a naturally evolving barrier island, and the NPS is directed by Management
Policies 2006 to investigate alternatives for mitigation and restoration.

The action alternatives would result in changes to onshore and nearshore littoral processes and barrier
island morphology. Beach nourishment generally creates a steeper beach profile after implementation,
which gradually adjusts to the previous slope over time under the influence of wave action, a major
physical force in the nearshore environment (NRC 1995, McLachlan 1996, Greene 2002). Projects that
increase dune elevations can reduce overwash frequency on barrier islands like the Outer Banks
(Magliocca et al. 2011). Overwash deposits help barrier islands gain elevation through increases in sea
level (Riggs and Ames 2003; Moore et al. 2007; Reef et al. 2020). On the sound side, sediment
management actions would be used to protect roadways and other infrastructure and restore large areas of
habitat-compatible material like sandy flats or shallow muddy bottoms used by migratory waterfowl, as
well as sub-aquatic vegetation. The exact construction methods and goals of individual projects on the
sound side will likely be more diverse than those along ocean-facing beaches within the Seashore. As a
result, the impacts on littoral processes and barrier island morphology will vary as well. Such projects
would help provide habitats and increase sound side shoreline elevations, both of which have been
reduced over the long term. However, there is a possibility that sound side sediment management
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activities may damage sensitive, low-energy environments in some locations where there may be a need
to protect roadways and infrastructure, if management activities are not executed properly.

Sediment management activities would impact littoral processes and barrier island morphology through the
manipulation of large quantities of sediment to mitigate natural erosion processes as well as relative sea-
level rise. For this reason, the topic of Littoral Processes and Barrier Island Morphology will be analyzed.

Benthic Organisms and Essential Fish Habitat

The action alternatives could cause adverse impacts on benthic organisms, essential fish habitat (EFH),
and habitat areas of particular concern (HAPC) in several ways. The placement of sand on the shoreline
could affect intertidal and submarine habitat for benthic organisms by burying areas, either by direct sand
placement or with placement sand eroded from the beach. Sediment management activities could
indirectly bury benthic organisms or indirectly impact vegetation in tidal marshes and the subtidal
submerged aquatic vegetation (SAV), mud bottom, sand bottom, and hard bottom EFHs and HAPCs;
temporarily increase turbidity in shallow coastal pelagic EFH; and/or bury sargassum EFH that may be
beached or floating in the intertidal area (CSE 2015).

Tidal marsh is a HAPC located along most of the sound side of the Seashore, and it could be impacted by
sediment management activities. Activities occurring on the sound side of the Seashore would include
habitat restoration, sand placement in sandy bottom areas to slow erosion or protect infrastructure, and
breach repair. Natural transport of placement sand following a nourishment event on the sound side and
the inlets would depend on the direction of the tide and local currents within the Pamlico Sound.
Depending on the transport hydraulics, sediment management activities could cause adverse impacts to
tidal marshes in several ways. Sediment management activities could indirectly bury immobile benthic
organisms or vegetation, disrupt the normal ecosystem function (CSE 2015), and displace mobile
organisms. Deposition of eroded sediment could also raise the elevation of the natural substrate which
could alter the composition of the vegetation community. Natural transport of eroded placement sand on
the sound side and the inlets would depend on the direction of the tide and local currents within the
Pamlico Sound. The addition of sediment could also benefit these habitats by replacing sediment that is
routinely transported on barrier islands during storm events but currently is not due to a lack of sediment
supply from washover fans.

SAV is another HAPC found along some of the sound side of the Seashore in subtidal areas adjacent to tidal
marshes and other sound side intertidal habitats. Deposition of eroded sediment following a nourishment
event could bury SAV or raise the elevation of the natural substrate, potentially changing the composition of
the vegetation community.

Sediment management activities would impact benthic invertebrate communities, EFH, and HAPC
through burying during sand placement or sedimentation or increasing water column turbidity. For these
reasons, the topic of benthic organisms and EFH will be analyzed.

Sea Turtles

The action alternatives may occur during any time of the year due to project feasibility and safety
concerns caused by rough offshore seas and high winds typically experienced at the Outer Banks during
the fall and winter (October to March). Therefore, it is likely that sediment management activities may
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occur during some part of sea turtle nesting season (May to October). Construction equipment on the
beach during sand placement could directly impact nesting sea turtles. Sediment management activities
may impact sea turtle reproductive success during construction and continue through the first year after
completion of sediment management activities (FWS 2017). Sand placement may result in changes to
sand density (compaction), beach shear resistance (hardness), beach moisture content, beach slope, sand
color, sand grain size, sand grain shape, and sand grain mineral content (USACE 1988b). These changes
could result in adverse impacts on sea turtle nest site selection, digging behavior, clutch viability, and
hatchling emergence (Nelson and Dickerson 1987 quoted in FWS 2017; USACE 1988a; Ernest and
Martin 1999).

Dredging at offshore borrow sites during sediment management activities could potentially impact sea
turtles by entrainment in the draghead during dredge operation or increase sea turtle injuries from vessel
strikes. Dredging and sand placement activities could also present obstructions to loggerhead and other
sea turtles in transit through either the surf zone or the offshore borrow area. Also, the potential borrow
areas would be located within loggerhead sea turtle critical habitat as determined pursuant to the
Endangered Species Act (ESA) and could impact the quality of that habitat.

Sea turtles considered in the analysis include loggerhead sea turtle (Caretta caretta), leatherback sea
turtle (Dermochelys coriacea), green sea turtle (Chelonia mydas), Kemp’sridley sea turtle (Lepidochelys
kempii), and hawksbill sea turtle (Eretmochelys runcates). Additionally, offshore areas are designated
critical habitat for loggerhead sea turtles of the Northwest Atlantic Distinct Population Segment (DPS).
The critical habitat includes specific areas that contain constricted migratory corridors (NOAA 2014).

Sediment management activities could change sand and beach characteristics, potentially impacting sea
turtle nesting. Dredging may entrain sea turtles or result in increased vessel strikes. For these reasons, the
topic of sea turtles will be analyzed.

Listed Shorebird Species

Potential impacts to shorebird species from the action alternatives could include disturbance of foraging
and nesting during sediment management activities. The loss of preferred nesting habitat along these
stretches of shoreline would be temporary, lasting the length of sand placement, which would be
completed within a year. Shorebird foraging habitats on the ocean side, sound side, and at the inlets,
would be impacted by sand placement. These would include the wet beach habitat, tidal marshes, mud
flats, sand bars, and shallow coastal waters; and transport of sediment from sand placement would reduce
prey availability by burying immobile benthic organisms and increasing turbidity in the water column.
Changes to foraging behavior and nesting as a result of changes in the communities of benthic organisms
on which these species feed would take place subsequent to sediment management activities. Sediment
management activities may also involve shorebird nesting habitat restoration including possible locations
at Green Island in Oregon Inlet and the south end of Hatteras Island adjacent to Hatteras Inlet. It is
anticipated that habitat restoration would provide beneficial impacts to nesting and foraging shorebird
species at the Seashore.

Several shorebird species protected under the ESA are known to use the study area. These species include

piping plover (Charadrius melodus), roseate tern (Sterna dougallii dougallii), and rufa red knot (Calidris
canutus rufa). There are several other shorebird species, not protected under the ESA, that nest at the
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Seashore, are managed by NPS, and are protected under the Migratory Bird Treaty Act (MBTA). These
species are protected as either threatened or special concern species by the State of North Carolina and
include gull-billed tern (Gelochelidon niloctia), least tern (Sternula antillarum), common tern (Sternula
hirundo), black skimmer (Rhynchops niger), American oystercatcher (Haematopus palliates), and
Wilson’s plover (Charadrius wilsonia wilsonia) (NPS 2018c). It should be noted that terns and skimmers
are technically categorized as seabirds; however, for ease of refence in this document, they are grouped
with the plovers and oystercatcher in general references to shorebirds.

Sand placement from sediment management activities could disturb foraging, resting, and nesting listed
shorebird species, as well as nesting habitat. In addition, sand placement would also impact benthic
invertebrate communities within areas of potential sediment management. This could impact foraging
resources for many listed shorebird species. For these reasons, the topic of listed shorebird species will
be analyzed.

Structures and Infrastructure

Public Health and Safety

The range of alternatives may impact public health and safety. The authorization of sediment placement
by other agencies may result in a wider sand beach along the Seashore and result in increased protection
of roadways and infrastructure, which may reduce the frequency of road closures by protecting NC 12
from overwash and damage during future storm and extreme high tide events. This reduction in closures
would allow access to hospitals, grocery stores, and other services accessed via NC 12 to be maintained
or restored more quickly after storm and extreme high tide events. Sediment placement may temporarily
result in a reduction of road closures, or increased sediment may contribute to overwash which could run
onto the NC 12 and cause disruptions.

Visitor Use and Resident Access and Experience

Over the life of the framework, sediment management under alternative B may help reduce road closures,
or increased sediment may contribute to overwash and more road closures. Sediment placement is likely
to result in wider beaches, albeit temporarily, which is likely to improve visitor use and experience.
Improvements to habitat conditions along the sound side shorelines would also be likely to improve
visitor use and experience.

Beach nourishment may result in short-term disruptions (e.g., closures, water turbidity, and the sight of
dredging or construction equipment) to visitor use and experience at the Seashore, lasting the duration of
beach nourishment activities. This disruption would take place during active sand placement, which could
occur on 600-800 ft of beach at any given time. Large projects are expected to last less than a year,
though the disrupted area may only be impacted for 24 hours or less. Sediment management activities
along the sound side shorelines would likely impact a smaller length of shoreline than a typical beach
nourishment project, but include similar disruptions to use, access, and experience within the Seashore.

Socioeconomics

Sediment placement may have temporary impacts on the local economy, which is largely tourism and
recreation based. Adding more sediment to the beach system may reduce erosion and lessen impacts to
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roadways and infrastructure when compared to alternative A. Increased protection of roadways and
infrastructure is likely to result in more tourism and recreation at the Seashore.

The placement of sediment may temporarily widen the beach and stabilize dunes and may reduce the need
for additional emergency sediment management actions. This may benefit private property by creating a
wider beach profile and reducing wave runup, which could reduce damage to these properties and
infrastructure. This may help temporarily maintain beachfront property values. These impacts would last as
long as the widened beach remains in place, which will vary by location. Additionally, because of the
protection afforded to local buildings, roadways and infrastructure from the issuance of permits under the
action alternatives, Seashore visitation and tourism may be less subject to interruption and may add stability
to the local tax base.

Because of impacts to public health and safety, visitor use, and socioeconomics, the topic of structures
and infrastructure will be analyzed.

IMPACT TOPICS DISMISSED FROM FURTHER ANALYSIS

The following presents an overview of impact topics that were considered but dismissed from further
analysis. An impact topic was considered but dismissed from further analysis if it was determined that the
environmental impacts were not of critical importance or central to proposal; the potential impacts to
resources were not significant; the environmental impacts associated with the issue are not a big point of
contention among the public or other agencies; or a detailed analysis of these impacts was not necessary
to make a reasoned choice between alternatives.

Littoral Processes and Wave Action

Specific borrow areas for each project would be identified based on project-specific needs; however, for
the purposes of this framework, it is assumed that borrow areas would be located miles from the
shoreline, either in the North Carolina Exclusive Economic Zone, or in federal waters managed by
BOEM, and would be excavated to a depth of less than 8 ft. Navigational dredging is covered by separate
NEPA compliance, as noted in chapter 2. Offshore dredging can alter wave patterns and sea floor
topography, potentially interrupting nearshore sediment transport. Repeat dredging events in the same
location can compound these effects over time (Dean 2002; BOEM 2013).

Project-specific modeling to support the 2017 Beach Restoration to Protect NC Highway 12 at Buxton
Project simulated wave patterns and longshore sediment transport rates before and after the dredging
proposed for that project and found no measurable wave-pattern changes at the beach within that project
area (CSE 2015). That borrow area was located in a portion of the seafloor that had not been dredged
before. A federally sponsored Marine Minerals Service (MMS) study found excavation of four borrow
areas off Nags Head would result in a wave height difference on the order of centimeters (e.g., less than
10 cm) (Applied Coastal Research and Engineering, Inc. et al. 2003). In both cases, impacts were
concentrated immediately adjacent to the dredged area (see the “Water Quality” section below for details
on how quickly sediment would be expected to settle out of the water column). As described in
“Collection of Environmental Data Within Sand Resource Areas Offshore North Carolina and the
Environmental Implications of Sand Removal for Coastal Beach Restoration” (Applied Coastal Research
and Engineering, Inc. et al. 2003), no significant changes to longshore sediment transport are expected
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from modeled borrow site configurations for BOEM Sand Resource Areas off Nags Head. Overall, the
cumulative impacts of sand mining offshore North Carolina on wave propagation and sediment transport
processes are expected to be negligible under modeled conditions. Empirical observations following
nourishment events at Buxton and Nags Head corroborate the modeled results. Sediment exchange
between the beach and offshore environments would not be interrupted, because no structures would be
placed in the surf to impede such transport (Kamphuis 2000).

In conclusion, no measurable wave-pattern changes or changes to longshore sediment transport are
expected and the sediment exchange between the beach and offshore environments would not be
interrupted. As such, impacts on littoral processes and barrier island morphology as they relate to offshore
action issues are not significant and do not rise to the level of being central to the proposal. A detailed
analysis of these impacts is unlikely to provide substantial differences between the no-action scenario and
other alternatives. Therefore, littoral processes and wave actions as they may be affected by offshore
actions to borrow sediment is dismissed from further analysis.

The impacts of onshore actions are retained for detailed analysis, as discussed in the “Littoral Processes
and Barrier Island Morphology” section above.

Water Quality

Water quality in environmental restoration projects is often evaluated by one or more parameters including
water chemistry and turbidity. This is related to the quality of the sediment being placed as compared to the
native sediment. That is, if the new sediment has a higher proportion of fine-grain-sized material, placement
may result in a more turbid water column and decreased light penetration to lower depths. While the range
of alternatives may result in impacts to water quality, the discussion below explains how these impacts
would be limited.

Within the water column, constant mixing and exchange occur under the natural processes of wave breaking
and currents along ocean-facing beaches well removed (i.e., outside of the inlet zone, which can range
depending on wave energy, but is typically a few thousand feet) from inlets and rivers, such as potential
borrow areas and beach nourishment sites. The influence of fine-grained sediment from inlets and rivers
varies depending on wave and tide conditions, but along the Outer Banks, inlet and riverine sediments are a
small fraction of oceanfront material. The dominant sediments are sand-sized with negligible fine-grained
material (NPS 2015c).

Along sound side shorelines, however, a larger fraction of fine-sized grains is in place naturally.
Moreover, decreased wave energy (as compared to ocean-facing beaches) prevents continuous mixing
and exchange of water bodies. This means many of the sound side habitats are more sensitive to
variations in water quality, and often must be monitored closely to ensure negative impacts are properly
avoided and/or mitigated. With the limited number of projects contemplated for the sound side, variations
in water quality would not be of large enough scale or duration to cause noticeable changes in the local
ecology. Also, the low wave energy on the sound side would limit resuspension of sediments.

The steps necessary for compliance with NPS Director’s Order #77-1: Wetland Protection, will be
assessed for each individual project when the project is proposed.
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In the case of emergency breach fill projects, a relatively coarse grain size is desired as this provides
enhanced stability for the fill and discourages future island breaches (USACE 2005). While sediment
placement for sound side and ocean side shorelines is often accompanied by months or years of
environmental review and critique, emergency breach fills are by their very nature fast-moving projects
(USACE 2005). As a result, the environmental impacts of breach fills on water quality are less well-studied.
However, the relatively coarse nature of many breach fill sediments (as compared to pre-project native
sediments) means turbidity would be minimized, compared to other sediment management activities.?

Suspended sediment in the surf zone tends to involve short, intermittent suspensions under breaking
waves with relatively large grains settling more quickly (Davidson-Arnott 2010). The amount of sediment
in suspension is directly proportional to the energy of waves with rougher conditions producing more
turbidity (Komar 1998). The same rules apply along sound side shorelines as well. The naturally finer
grains along the sound side mean sediments would remain in suspension for longer than in the ocean side
surf zone; however, the sound side shorelines are subject to much lower energy when compared to the
ocean side surf, as noted above.

Dredging and sediment management would result in a temporary increase in the turbidity of the water in
the locations of the action and last the duration of these activities (dredging would take place for less than
one year). However, it is unlikely that the action alternatives would result in a violation of state water
guality standards or have long lasting impacts to water quality, for the reasons described below.

While turbidity is likely to be elevated locally at the dredge during excavations and loading, the plume
associated with the action is expected to be limited in extent (within 1,000 ft of the dredge vessel) and
short-lived (e.g., withinhours), due to the proposed texture of coarse borrow sediment, which minimizes
the spatial and temporal extent of sediment plumes around the dredge or at beach discharge points

(CSE 2015). For previous dredging projects along the Outer Banks, sediment plumes disappeared within
hours of digging cessation. While operations continued and the plume was in place, wave energy and the
coarse grain size of the borrow material kept the disturbance to within 1,000 ft of the dredge vessel. The
predominance of sandy material in the proposed borrow areas and oxygen-rich conditions indicate the
dredging activities would have a small impact on dissolved oxygen, pH, or temperature because the
general lack of fine-grained material in the littoral zone or in the borrow areas suggests existing
conditions prevent accumulations of the type of material that is likely to remain in suspension for
extended periods. Sediment suspensions in the proposed borrow areas tend to be intermittent with rapid
settling of sandy material (Komar 1998). Settling velocities of sand-sized particles (approximately 0.1—
2-mm diameter) are roughly in the range 1-20 centimeters per second in quiet water (Komar 1998). Thus,
settling occurs in seconds to minutes for sand-sized particles in the range of depths typical of the Seashore
including borrow areas (CSE 2015). Therefore, the impact would be highly localized and temporary,
returning to ambient conditions within minutes to hours of cessation of pumping.

Because of the rapid resolution of increases in turbidity described above, the impacts of up to 6 miles of

project(s) per year are unlikely to have overlapping impacts on water quality. This fairly rapid resolution of
project-related turbidity would remain true in the case that an additional 6 miles of sediment management
were to be permitted once every 5 years due to an emergency declaration following a severe storm event.

2 Settling velocities of sand-sized particles (approximately 0.1to 2.0-mm(mm) diameter) would roughly be in the
range of 1to 20 centimeters per secondin quiet water (Komar 1998).
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In addition, the NPS would set aside approximately 13 noncontiguous miles from consideration for
sediment management activities (in all cases except for emergencies), for the purpose of studying the
ecology of these zones and providing reference zones that may be used in comparative studies with
nourishment study areas. Under alternative C, sediment management activities may occur on up to 6
miles of beach every 5 years so the probability of impacts from projects overlapping is even lower than
under alternative B.

In conclusion, impacts on water quality are not significant and do not rise to the level of being central to the
proposal. Dredging activities would have a small impact on water chemistry and elevated turbidity associated
with dredging would likely be short-lived and highly localized; the spatial and temporal extent of plumes
would be minimized. For emergency breach fills, the coarse nature of many breach fill sediments would likely
result in minimized turbidity, compared to other sediment management activities. On the sound side, variations
in water quality would not be of large enough scale or duration to cause noticeable changes in the local
ecology, due to the limited number of projects contemplated for this area. Therefore, water quality is dismissed
from further analysis as a standalone impact topic; however, water quality (specifically turbidity) is discussed
as relevant under the topic of “Benthic Organisms and Essential Fish Habitat.”

Marine Mammals

The Marine Mammal Protection Act (MMPA) of 1972, as amended, offers federal protection to marine
mammals. Three species of whales are known to occur off the North Carolina coast: finback whales
(Balaenoptera physalus), humpback whales (Megaptera novaeangliae), and North Atlantic right whales
(Embalagen glacialis). Finback whales and North Atlantic right whales are listed as endangered by the
ESA. According to the National Marine Fisheries Service (NMFS), the finback whale is unlikely to occur
within the vicinity of proposed borrow areas; therefore, impacts due to dredging activity are unlikely to
occur on this species (NMFS 2020b; NMFS 2019a). The South Atlantic Regional Biological Opinion
(SARBO) for the Continued Hopper Dredging of Channels and Borrow Areas in the Southeastern United
States (NMFS 1995) and the 2020 South Atlantic Regional Biological Opinion for Dredging and Material
Placement Activities in the Southeast United States (NMFS 2020b) discuss the effect of vessel strikes
from offshore dredging activities on humpback and North Atlantic right whales. In 2016, NMFS delisted
the West Indies DPS of the humpback whale (the population that occurs near North Carolina), due to its
recovery; it was therefore not included in the 2020 SARBO. As the primary effect discussed in both
SARBOs, vessel strikes were due to increased boat traffic near dredging operations, which NMFS
concluded may adversely affect the North Atlantic right whale (NMFS 2020b) and humpback whale
(NMFS 1995). NMFS also concluded that impacts could be avoided with cooperation between dredge
operators and protected species observers (NMFS 2020b). Any sediment management activities at the
Seashore involving dredging or discharge of dredged materials would require a permit from the USACE,
and project-related dredging would be required to operate within the parameters established by the
SARBO. These projects would require qualified and NMFS-approved marine mammal observers be
present on project vessels during operation.

Other species of marine mammals are common or abundant in North Carolina waters. Three are found
year-round, Atlantic spotted dolphin (Stenella frontalis), common bottlenose dolphin (Tursiops
truncatus), and the short-finned pilot whale (Globicephala macrorhynchus), and one is found only during
the winter or early spring, short-beaked common dolphin (Delphinus delphis) (CSE 2015). There are also
occasional sightings of harbor seals, four in 2017, and harp seals, one in 2017 (NPS 2018i). The only
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marine mammal likely to be affected by both dredge operations and sediment management activities is
the common bottlenose dolphin, which can be found close to the beach and nearshore (NPS 2018i). The
other marine mammals with potential occurrence in North Carolina waters are oceanic and could be found
offshore near potential borrow areas located on the OCS (CSE 2015).

Underwater noise from dredging activities may interrupt or impair communication, foraging, migration,
or other behaviors in marine mammals (USACE 2001b). Studies of underwater sound levels from
dredging activity indicate the source level of the dredging activity ranges between 160 and 185 decibel
(dB) re 1uPa, approximately (USACE 2001b; Jones and Marten 2016).2 This is above the NMFS
established threshold for take for non-impulsive (continuous) noise of 120 dB root mean square (RMS)
(NMFS 2019c) but below the injury threshold of 199 dB RMS for the low-frequency cetacean hearing
group (whales) and 198 dB RMS for the mid-frequency cetacean hearing group (dolphins, toothed
whales, and beaked whales). To mitigate for potential marine mammal takes, an approved protected
species observer would be stationed on the dredge at all times and would follow standard reporting and
notification protocols should a whale or other marine mammal be observed in the vicinity (NMFS 2012).

Sediment management activities may impact bottlenose dolphins foraging near the Seashore by disturbing
the nearshore community structure and removing food sources. The placement of sand at the Seashore
could bury benthic organisms (CSE 2015). The localized loss of this foundational food source would
reduce the number of fish, the primary prey for dolphins, in the intertidal and subtidal areas adjacent to
the nourished beach. Impacts would only occur during sediment management activities and last between
six months and several years. Nourishment may also increase turbidity within and immediately adjacent
to the area of sand placement (CSE 2015) affecting visibility for foraging bottlenose dolphins. Up to 600-
800 ft of beach would be under active sand placement on any given day, and 200-300 ft of placement
would be completed per day under normal conditions. As described in the “Water Quality” section, the
suspended sediment would consist primarily of sand which would settle out of suspension in a period of
seconds to minutes under normal conditions. This effect would only occur during nourishment activities
and would last less than a year as the beach erodes and assumes a natural profile.

Although numerous sediment management actions may occur within the Seashore over the 20-year life of
this framework, the NPS would only permit up to 6 miles of project(s) in any given year. This amounts to
actions taking place along less than 9% of the shoreline at a time and surrounding each of the dredge
vessels. If an emergency is declared following a severe storm event, an additional 6 miles of sediment
management may be permitted once every 5 years. In addition, the NPS would set aside approximately 13
noncontiguous miles from consideration for sediment management activities (in all cases except for
emergencies), for the purpose of studying the ecology of these zones and providing reference zones that
may be used in comparative studies with nourishment study areas. Under alternative C, sediment
management activities may occur on up to 6 miles of beach every 5 years; therefore, impacts would be
even less frequent and not exceed 9% of the Seashore. Because impacts would be limited in duration to the
time that projects are taking place, the impacts described above are unlikely to compound upon each other
from year to year. This remains the case should an emergency declaration warrant an additional 6 miles of
nourishment, which could affect up to 18% of the shoreline in a given year (assumed to take place no

% In underwater acoustics, soundis typically described in terms of sound pressurelevel (SPL), and the standard unit
of acoustic pressureis the micro Pascal [uPa]. Therefore, the amplitude ofacoustic pressure is referenced to 1 pPa
[re 1 uPA], and the unitsfor SPL are dB re 1pPa.
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more frequently than every 5 years). This amounts to actions taking place along less than 9% of the
shoreline at a time and surrounding each of the dredge vessels. Marine mammal use of the area would be
expected to resume, following disturbances in these areas.

The West Indian manatee (Trichechus manatus), also known as the Florida manatee, is a federally listed
endangered mammal protected under the ESA and the MMPA.. The manatee is also listed as endangered
under the North Carolina ESA of 1987 (Article 25 of Chapter 113 of the General Statutes). While this
species may be present seasonally, or may be transient at the Seashore, the NPS does not expect this
species to be adversely affected by actions proposed in this framework. Manatees are not often found on
the ocean side of the Seashore which is highly turbid and has little to no vegetation. There have been a
few documented instances of manatees near inlets and sound side areas where the manatee is likely to
traverse into brackish water for vegetation consumption and to drink. All project proponents would be
required to follow the FWS Guidelines for Avoiding Impacts to the West Indian Manatee-Precautionary
Measures for Construction Activities in North Carolina Waters (FWS 2003b).

In conclusion, projects would require qualified NMFS-approved protected species observers to follow
standard reporting and notification protocols should a whale or other marine mammal be observed in the
study area, to mitigate for potential takes. Dolphin species are unlikely to be affected by dredge
operations and sediment management activities, with the exception of the common bottlenose dolphin.
Impacts to this species, however, would likely only occur during nourishment activities and would last
less than a year. The West Indian manatee is unlikely to be adversely affected by the range of alternatives
because it is not often found on the ocean side of the Seashore. Therefore, the impacts on marine
mammals are not significant and do not rise to the level of being central to the proposal; furthermore, the
analysis is not pivotal to making a reasoned choice between alternatives. Therefore, the potential for
impacts on marine mammals are dismissed from detailed analysis.

Fish and Sturgeon

The Seashore provides habitat for a variety of fish species. There have been 60 fish species documented
as present and 236 species documented as probably present in the Seashore (CSE 2015). Individual fish
may be disturbed during dredging activities in the vicinity of borrow sites due to the presence and
operation of dredging equipment at these sites. Fish may avoid these areas during dredging; however,
because fish species are mobile, they would be able to easily find nearby suitable habitat for foraging or
other behaviors during dredging activities. Other effects to fish species involve the disturbance of habitat
within the vicinity of borrow areas, which would remove benthic invertebrates from the dredged area and
reduce a significant food source. These effects would be local (only within the footprint of dredging and
the sand placement site), would last between six months to several years* before the benthic community
would recover, and fish could move to adjacent areas to forage (CZR and CSE 2015b). The impacts of
these activities on fish species would be too small to be meaningfully measured, and habitat impacts
would be addressed under the topic of “Benthic Organisms and Essential Fish Habitat,” described above.

Two fish species listed as federally endangered, the shortnose sturgeon (Acipenser brevirostrum) and the
Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus), are known to occur in waters of coastal North
Carolina (NMFS 2019b). Shortnose sturgeon spend most of their time in freshwater rivers and estuaries
and relatively little time in the ocean (NMFS 2010). There have been four unconfirmed occurrences of

* For additional detail on benthic recovery times, see discussion in chapter 4.
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shortnose sturgeon in Oregon Inlet (Holland and Yelverton 1973; Gruchy and Parker 1980; NMFS 1984b;
Gilbert 1989), but this species is rarely documented within the aquatic marine habitat of the Seashore
(CZR and CSE 2015a). Also, it rarely occurs in the rivers and sounds between the Chesapeake Bay and
Cape Fear River (NMFS 2010). Therefore, the shortnose sturgeon is unlikely to occur within or near the
marine waters at the potential borrow areas or areas of likely sediment management. For this reason, it is
determined that sediment management activities would not impact the shortnose sturgeon.

The Atlantic sturgeon is documented as occurring within the vicinity of potential borrow areas where it
forages most of the year and then moves to inshore freshwaters to spawn in the spring. Juvenile Atlantic
sturgeon were consistently captured in January-February bottom trawls from 1988 to 2006 in the shallow
nearshore waters of North Carolina north of Cape Hatteras Point, with most of the captures concentrated
north of Oregon Inlet (Laney et al. 2007). Kocik et al. (2013) developed an index of the estimated
Atlantic coast population abundance for Atlantic sturgeon using data from the Northeast Fisheries
Observer Program between the years 2006 and 2011. The location of captures along the North Carolina
coast indicated that Atlantic sturgeon were captured most often in ocean side waters near the inlets (Kocik
et al. 2013; Dunton et al. 2010). Sediment management activities that would occur near the inlets would
be on or near the shoreline in water too shallow or with too much wave energy for sturgeon to inhabit.

Impacts to the benthic community at the offshore borrow site could indirectly impact Atlantic sturgeon by
reducing local benthic food sources and forcing the sturgeon to forage in other areas; however, the areas
that would be impacted by dredging would be limited in size and similar foraging habitat would be
available nearby that could support sturgeon (CZR and CSE 2015a). A study of US Gulf and Atlantic
Coast sandy borrow areas within BOEM jurisdiction found that general fauna recovery (total abundance
and biomass) varies from 3 months to 2.5 years; however, recovery of diversity and composition may take
longer depending on a number of factors (Wilber and Clarke 2007; BOEM 2013). The effects of localized
reduction of benthic prey species at the potential borrow areas on Atlantic sturgeon would be too small to
be meaningfully measured.

Because of uncertainty about the habits of Atlantic sturgeon, the precise location of dredging, and the
timing of sediment management activities, sturgeon may be in the potential borrow areas during dredging.
Although it is unlikely, dredging could impact sturgeon by entrainment in the draghead. Historically,
entrainment of Atlantic sturgeon by hopper dredges has been rare. The average rate of incidental take of
Atlantic sturgeon during all USACE-authorized dredging projects since 1995 was 0.7 per year, with most
of those incidental takes occurring while dredging in inlets and harbors, not offshore (CZR and CSE
2015a). Vessel strikes or disruption of sturgeon foraging during dredging operations would have potential
short-term impacts (only occurring during dredging activities) during migration or use of offshore waters.

The Atlantic sturgeon was not included in the 1995 SARBO because it was not protected under the ESA
at the time. In 2012, however, five separate DPSs of Atlantic sturgeon were listed under the ESA by
NMFS (the Carolina DPS was listed as endangered), so this species is therefore included in the 2020
SARBO as a species likely to be adversely affected (NMFS 2020b). As such, when individual dredging
activities are proposed and permitted, USACE and/or BOEM would include the project in annual
reporting in accordance with the SARBO requirements. The NPS would issue a SUP subject to issuance
of a USACE permit for the project. Mitigation measures would be incorporated into the project to prevent
sturgeon impacts including: ensure proper installation and function of a rigid draghead deflector; reduce
vessel speeds while traveling to, from, and between borrow locations; and use of a qualified NMFS
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Protected Resources Division-approved protected species observer on the dredge(s) at all times. The
observer would follow standard reporting procedures. These mitigation measures would minimize the
potential for impacts to Atlantic sturgeon.

Although numerous sediment management actions may occur within the Seashore over the 20-year life of
this framework, the NPS would only permit up to 6 miles of project(s) in any given year. If an emergency
is declared following a severe storm event, an additional 6 miles of sediment management may be
permitted once every 5 years. In addition, the NPS would set aside approximately 13 noncontiguous miles
from consideration for sediment management activities (in all cases except for emergencies), for the
purpose of studying the ecology of these zones and providing reference zones that may be used in
comparative studies with nourishment study areas. Under alternative C, sediment management activities
may occur on up to 6 miles of beach every 5 years. Because impacts would be limited in duration to the
time that projects are taking place, the impacts described above are unlikely to compound upon each other
from year to year. If more than one project is taking place at the same time, the impacts described above
could apply to all offshore locations where project dredging is approved. Use of the area by fish
(including sturgeon) would be expected to resume within a year or so, following disturbances in these
areas.

In summary, the impacts of the alternatives on fish species would be too small to be meaningfully
measured. Any reduction in benthic food sources would be localized and limited in size; similar foraging
habitat would be available nearby. The shortnose sturgeon is unlikely to occur within or near the marine
waters at potential borrow areas or areas of likely sediment management. Mitigation measures and project
design criteria (PDC) would be incorporated into each nourishment project to minimize potential impacts
on Atlantic sturgeon during dredging, as required under the SARBO (NMFS 2020b). As such, the
potential impacts on fish and sturgeon would not be significant and do not rise to the level of being
central to the proposal; therefore, fish and sturgeon are dismissed from detailed analysis. Additionally,
dismissal from further analysis is based around recent analysis conducted for the SARBO. Impacts related
to fish habitat are discussed under the topic of “Benthic Organisms and Essential Fish Habitat.”

Other Wildlife and Wildlife Habitat

Sediment management activities may disrupt other wildlife including shorebirds and ghost crabs.
Shorebirds that are protected at the state and federal level are retained for detailed analysis, as discussed
under the “Listed Shorebirds” topic above. Examples of other species that use the beach include various
species of gulls, sandpipers, and herons. These shorebirds tend to forage on a variety of invertebrates and
fish and do not tend to nest on the beach. They are all relatively abundant.

The Seashore, a designated Important Bird Area (BirdLife International 2019a), is located along the Atlantic
Flyway (Ducks Unlimited 2019), and it serves as a major resting, breeding, and feeding ground for
migratory birds throughout the year (CSE 2015). Nourishment activities may temporarily displace foraging
or resting shorebirds from using the beach when construction equipment is in use and sand placement is
taking place. These impacts would only occur during the activity itself (estimated to be less than a year for
each of the projects totaling up to 6 miles that may be permitted per year). If an emergency is declared
following a severe storm event, an additional 6 miles of sediment management may be permitted once every
5 years. In addition, the NPS would set aside approximately 13 noncontiguous miles from consideration for
sediment management activities (in all cases except for emergencies), for the purpose of studying the
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ecology of these zones and providing reference zones that may be used in comparative studies with
nourishment study areas. Under alternative C, sediment management activities may occur onup to 6 miles
of beach every 5 years. At any given time, 600-800 ft of beach would be undergoing sand placement for
each project as the sand is pumped and bulldozed; ample foraging and nesting habitat would remain
available outside of the area of active sand placement along the length of the Seashore and beyond. These
birds are highly mobile and easily able to relocate to areas outside the construction zone. Additionally, the
invertebrates on which some shorebirds feed may be buried during active construction and would require
between six months to several years to recover following construction (CSE 2015; Wooldridge et al. 2016).
The reduction of prey availability within localized areas where sediment management activities would occur
could cause birds to adjacent beaches where sand placement has not occurred.

The eastern black rail (Laterallus jamaicensis jamaicensis) is currently proposed for listing as federally
threatened. The eastern black rail is a small secretive marsh bird whose preferred habitat includes
brackish or freshwater marshes; the sound side of the Seashore offers suitable marsh habitat. Not much is
known about the diet of the eastern black rail, but they have been known to eat aquatic and terrestrial
invertebrates. Of the historical stronghold states, North Carolina presently shows a severe decline in the
number of occupied sites (FWS 2020). In the unlikely event that any eastern black rails are present within
the vicinity of nourishment activities, the birds may experience displacement and disturbance due to
construction equipment and activities similar to the impacts described for other shorebirds above.
Additionally, invertebrates on which the eastern black rail feeds may be buried during active construction.
These impacts would be the same as described for other shorebirds above. In the event the species is
listed, the NPS would consult with FWS on any actions that may adversely affect this species.

Atlantic ghost crabs (Ocypode quadrata) are abundant within the Seashore. Estimates indicate that close
to 2 million ghost crabs occur within the Seashore (NPS 2018h). A study of ghost crab density in North
Carolina found 1.5 ghost crab burrows per square meter across all sampling areas, indicating that
thousands of ghost crab burrows could be present in under one acre of beach habitat (Seyfried 2017).
Burrows are found from near the high tide line up to 0.25 miles landward from the water (Knott 2006),
and they can travel up to 328 yards while foraging at night (1zzo and Kothari 2011). Ghost crabs and their
burrows could be damaged by sand placement, including crab mortality due to suffocation or crushing
(Schlacher et al. 2016). Studies have shown substantial localized declines in ghost crab population density
following sand placement, and reduced recruitment has been documented at nourished beaches (Peterson
et al. 2000). However, in this study, only one survey was conducted at three months post-nourishment.
Bergquist et al. (2008) conducted a post-nourishment study of Folly Beach in South Carolina and found
that within one-year post-nourishment, there was no difference in linear densities (individuals per meter
of beach) of ghost crabs between nourished and reference beaches. Because ghost crabs are abundant
within the Seashore, displacement and/or mortality of ghost crabs within up to 6 miles of nourishment in
any given year (less than 9% of the Seashore shoreline) would represent a small fraction of the overall
ghost crab population within the Seashore. If an emergency is declared following a severe storm event, an
additional 6 miles of sediment management may be permitted once every 5 years. While this may result in
impacts as described above covering up to 18% of the Seashore’s ghost crab habitat, this remains a
relatively small portion of the overall ghost crab population within the Seashore. In addition, the NPS
would set aside approximately 13 noncontiguous miles from consideration for sediment management
activities (in all cases except for emergencies), for the purpose of studying the ecology of these zones and
providing reference zones that may be used in comparative studies with nourishment study areas. Under
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alternative C, sediment management activities may occur on up to 6 miles of beach every 5 years;
therefore, impacts would be even less frequent and not exceed 9% of the Seashore.

In summary, the impacts of the alternatives on other wildlife and wildlife habitat would be too small to be
meaningfully measured. Any reduction in benthic food sources would be localized and limited in size,
and similar foraging habitat would be available nearby. Also, localized impacts to ghost crab populations
would be too small to impact the overall population throughout the Seashore. As such, the potential
impacts to other wildlife and wildlife habitat would not be significant and do not rise to the level of being
central to the proposal; therefore, other wildlife and wildlife habitat are dismissed from detailed analysis.

Seabeach Amaranth

In 1993, the plant species seabeach amaranth (Amaranthus pumilus) was listed as federally threatened
under the ESA. At the time, the species had been eliminated from two-thirds of its historic range that
extended from Massachusetts to South Carolina. The natural habit of seabeach amaranth makes it
vulnerable to both man-made and natural disturbances. The primary threat to the species is habitat
destruction. Man-made beach-stabilizing structures (i.e., bulkheads, jetties, continuous barrier dunes) and
off-road vehicle (ORV) and pedestrian traffic on beaches have contributed to major habitat loss (FWS
1996b). Barrier islands are extremely dynamic in nature and are constantly being shaped by hurricanes
and storm events, resulting in the rapid creation and elimination of potential seabeach amaranth habitat.
Other threats to seabeach amaranth include herbivory by insects and mammals, competition from non-
native, invasive plants, and sea-level rise.

The Seashore was once heavily populated with seabeach amaranth, hosting 3,000-15,000 individuals per
year in the late 1980s. In the last 15 years, numbers were the highest in 2002 with 93 plants. More
recently numbers have declined with only one plant found in 2004 and two plants found in 2005. No
plants have been observed since that time and the plant may be extirpated from the Seashore. Since
populations can be highly variable, Seashore staff continues to perform annual surveys for the species
(NPS 20171). Following the Seashore’s Seabeach Amaranth Monitoring Protocol, staff begin surveying
for plants in mid-July. In the event a species is located during the annual monitoring protocol, the
Seashore would consult with FWS on any adverse impacts associated with sediment management before a
permit is issued for work in that area.

Beach through nourishment could result in beneficial impacts to the species through creation of additional
habitat. In conclusion, impacts on seabeach amaranth are not significant and do not rise to the level of
being central to the proposal. This species has not been observed at the Seashore since 2005 and staff
continue to survey for its occurrence. A detailed analysis of these impacts is unlikely to provide
substantial differences between the no-action scenario and other alternatives. Therefore, seabeach
amaranth is dismissed from detailed analysis.

Cultural Resources

There are numerous cultural resources that NPS has identified within the Seashore, both on and offshore.
Several of these resources are located within or close to identified areas of potential sediment management.

For cultural resources submerged under water (e.qg., offshore shipwrecks), use of borrow areas for
sediment management activities would be subject to state requirements for borrow area confirmation
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(North Carolina OAH 2014), which would include a survey to characterize each borrow area. The survey
would also include the location for the submerged pipe connecting the dredge to the onshore project
location. The survey results would provide specific recommendations for buffer zones (i.e., no-work
areas) to avoid excavation and placement of the submerged pipe that would directly affect any submerged
cultural resources. Should unknown submerged artifacts be encountered during dredging or placement of
the pipe, all work in the immediate vicinity would be stopped, the dredge and submerged pipe would be
relocated, and Section 106 procedures of the National Historic Preservation Act would be implemented.
The State Historic Preservation Officer (SHPO) and any relevant Tribal Historic Preservation Officers
would be notified, the resources would be identified and documented, and mitigation strategies would be
developed, if necessary, to avoid impacts on these resources. Tribes in the area that may be either directly
or indirectly impacted by the action alternatives include the Cherokee Nation, the Eastern Band of
Cherokee Indians, the Tuscarora Nation, and the United Keetoowah Band of Cherokee.

Onshore cultural resources (e.g., known shipwrecks) would also be handled sensitively if encountered
during proposed activities. Currently, project operators are required to place a buffer around known sites
and NPS does not allow heavy equipment through these areas, although sand placement is allowed. If the
resource is not covered, project operators may place sand over it to preserve it in situ. Physical protection
of the resource, such as with layers of sand, may prevent potential damage to the resource.

In conclusion, measures to protect onshore and submerged cultural resources at the Seashore would be
undertaken to prevent impacts from sediment management activities, including surveying and installing a
buffer; cessation of work; or physically protecting the resource. Agency coordination for minimizing
potential impacts to cultural resources may be conducted through this planning process (unless this would
qualify as a streamlined activity) and would also be required during permit acquisition for any proposed
sediment management activities. During development of this DEIS, NPS initiated consultation with the
SHPO, which allows them to comment and contribute early in the decision-making process and helps NPS
to identify key issues or requirements to be considered in the NEPA process. Cultural resources are a
fundamental resource at the Seashore, essential to achieving the purpose of the Seashore. Any impacts to
cultural resources from the alternatives would be mitigated through avoidance. Therefore, impacts on
cultural resources are not significant and do not rise to the level of being central to the proposal, and a
detailed analysis of these impacts is unlikely to provide substantial differences between alternatives. For
these reasons, cultural resources are dismissed from detailed analysis.

Project-specific consultation with the SHPO would take place during individual permitting. NPS has
preliminarily determined that there would be no adverse effect to historic properties within the identified
areas of frequent erosion. The NPS will provide the SHPO with notification of this proposed sediment
management framework and DEIS and will outline how future compliance would be addressed as part of
follow-on Section 404 permitting for individual projects, where detailed project specifics would allow a
more complete analysis.
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CHAPTER 2: ALTERNATIVES

INTRODUCTION

This chapter describes the various actions that could be implemented to address sediment management at
the Seashore. The alternatives under consideration must include a “no-action” alternative as prescribed by
40 CFR 1502.14. Alternative A in this document is the “no-action” alternative. The Department of the
Interior regulations for implementing NEPA state that there are two interpretations of the term “no-
action.” First, ‘‘no-action’ may mean ‘“no project’” in cases where a new project is proposed for
implementation (43 CFR 46.30). Second, ““no-action”” may mean ““no change’’ froma current
management direction or level of management intensity. When the “no project” alternative is used, the
no-action alternative represents inaction continued into the future. Alternative A, the "no-action"
alternative here serves that purpose.

The action alternatives were developed by the NPS interdisciplinary team, and included feedback
received during the agency and public scoping process. Action alternatives may originate from the
proponent agency, local government officials, or members of the public at public meetings or during the
early stages of project development. Alternatives may also be developed in response to comments from
coordinating or cooperating agencies. The alternatives analyzed in this document, in accordance with
NEPA, are the result of internal and public scoping. These alternatives meet the overall purpose of and
need for taking action.

Action alternatives carried forward for detailed analysis must meet the management objectives of the
Seashore and the purpose of and need for taking action. Action alternatives considered to be reasonable
(40 CFR 8§ 1502.14, 43 CFR § 46.415) would be technically and economically feasible and show
evidence of common sense. All future SUP requests would depend upon available funding. Alternatives
or alternative elements that were considered but are not technically or economically feasible, do not meet
the purpose of and need for the project, create unnecessary or excessive adverse impacts on resources, or
conflict with the overall management of the Seashore or its resources were dismissed from detailed
analysis. These alternatives or alternative elements and their reasons for dismissal are discussed at the end
of this chapter.

Impacts associated with the alternatives are described in chapter 4.

ALTERNATIVE A

Under alternative A, the NPS would not permit sediment management activities at the Seashore over the
next two decades. The NCDOT currently maintains a right of way (ROW) easement through the Seashore
for NC 12, and alternative A would preclude NCDOT from implementing sediment management to
protect NC 12 outside of its existing ROW. Partners, such as Dare County, would not be permitted to
perform beach nourishment projects along the Seashore. Other partners, such as USACE, that may wish
to work with the Seashore to implement sediment management-based habitat restoration projects through
the placement of sediment would not be permitted to implement those projects. Under this alternative,
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permits also would not be issued for any sediment management activities on the Pea Island NWR portion
of the Seashore outside of NCDOT's existing ROW to protect NC 12.

Local jurisdictions and the State of North Carolina (the state) would not be able to respond to future
maintenance needs associated with erosion along the Seashore. Current responses to that erosion, such as
sand scraping and road repairs by NCDOT, would continue only within the existing ROW which extends
60-150 ft from the centerline of NC 12 (varying by location) (NCDOT, Corbett, pers. comm., 1999). As
erosion progresses and sufficient room to maintain protective dunes no longer exists, the state and property
owners would likely implement short-term emergency measures such as the installation of sand bags.

If transportation routes are closed due to major storm events or chronic erosion, communities at the
Seashore, as in the past, would be isolated from the mainland until road access was restored. The county
(or counties), state, and NPS would have to seek alternative ways of transporting goods, service
providers, and residents, including sick or injured persons. Road-based travel would cease and
transporting goods and services may occur by boat, ferry, small plane, or helicopter.

If a breach were to occur that affects NC 12, NCDOT may need to cease Southdock ferry operations and
only utilize ferry services to Cedar Island or Swan Quarter, to and from Silver Lake on Ocracoke.
NCDOT may utilize a route from the Silver Lake Ferry docks to the Hatteras Ferry docks. If a breach
were to occur on Hatteras Island that affects NC 12, NCDOT may utilize two routes: 1) from the Hatteras
Ferry docks to Stumpy Point (emergency ferry docks) or 2) from Rodanthe (emergency ferry docks) to
Stumpy Point. NCDOT would not create new emergency ferry basins or docks for island breaches (NPS,
Henry, personal communication, 2020b).

During preparation of this EIS (prior to implementation of whichever alternative is selected), unforeseen
storm and tidal events may warrant emergency action by agencies such as NCDOT to maintain critical
infrastructure (such as NC 12) at the Seashore. These actions may occur outside of the NCDOT ROW and
may require a SUP from the NPS. Actions may include sediment management to stabilize dunes, sand
scraping, use of sand bags, and emergency breach repair. Under alternative A, the NPS would only issue a
SUP for sediment management in extreme situations during the development of this EIS.

ALTERNATIVE B (PROPOSED ACTION / PREFERRED ALTERNATIVE)

Under alternative B, the NPS could permit other agencies and municipalities to conduct, with conditions,
sediment management in the form of sound side and ocean side beach nourishment, dune restoration, and
filling island breaches. Applicants would be encouraged to develop long-term, sustainable strategies that
allow for the shoreline to respond dynamically to sea-level rise and erosion. They would also be
encouraged to consider alternative management actions (e.g., retreat, relocation, etc.). Furthermore, the
Seashore and Pea Island NWR would continue to work collaboratively with partner agencies to develop
long-term transportation and infrastructure facility plans that may include relocation and altermative
transportation options that minimize the need for recurring sediment management activities that result in
temporary impacts.

Projects on the sound side would probably be smaller in scale than the anticipated ocean side projects, as
described under the “Project Parameters” sections below. Projects on the sound side could include beach
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nourishment, stabilization of existing infrastructure, and habitat restoration (for example, on Green Island).
For many of these sound side projects, the sediment source is likely to be trucked in from existing stockpiles.

Monitoring would be implemented before and after any significant sediment management project for the
purposes of learning and improving conditions associated with future projects. General monitoring may
include studies of intertidal invertebrates, net shoreline change, storm impacts, wildlife monitoring, and
other metrics. This monitoring would be used to evaluate rates of recovery in areas where sediment
management activities take place. Information gained from monitoring can be used to further improve
conditions associated with future projects, which may include modification of the frequency, timing and
other methods associated with nourishment projects.

Additionally, under alternative B, approximately 13 noncontiguous miles (approximately 20% of the 67
total Seashore miles) would be set aside, including a section of the Pea Island NWR portion of the Seashore,
from consideration for sediment management activities in all cases except for emergencies. The primary
purpose of excluding these areas is to study their ecology and provide reference zones that may be used in
comparative studies with nourishment study areas. Sediment management activities, either large scale
management actions or small-scale projects (i.e., dune stabilization projects, overwash mitigation), would
only be permitted on the Pea Island NWR portion of the Seashore if found compatible with the purposes for
which the refuge was established and either in the case of an official declaration of emergency or in advance
of planned or scheduled longer term solutions that relocate the highway off the refuge.

Figures 3 and 4 in appendix A illustrate where sediment management activities may be permitted under this
alternative (zone 1) and where activities would be avoided to establish reference areas for comparative
monitoring (zone 2). Additional information on this alternative is included in the subsections that follow.

Sediment Management Actions

Alternative B would permit the following actions along approximately 54 miles of Seashore. Sediment
management activities would not be permitted on the Pea Island NWR portion of the Seashore, except as
described above. A section of Pea Island NWR would be excluded from sediment management actions in
all cases for monitoring (as noted above).

Beach Nourishment

Beach nourishment consists of placing large (e.g., millions of cubic yards) volumes of sand on the beach
and within the surf zone and is one method for temporarily slowing erosion (Dean 2002). The additional
volume provided via nourishment places erodible material in between uplands and the ocean, such that
the nourishment sand is eroded instead of uplands and dunes. Areas with a greater sand deficit would
receive a greater volume of sand via nourishment, ideally, in order to make up for the deficit and provide
excess volume for added protection. The excess volume provides a reservoir to accommodate average
annual erosion losses for a number of years before the deficit volume is impacted once more.

Beach nourishment may be proposed by other entities and permitted by the NPS to mitigate erosion at
various sites along the Seashore. Beach nourishment may include placement of sediment dredged or
trucked in from other locations (anticipated to be outside of NPS property boundaries), provided the
sediment is a close match or is compatible to the native mean grain size found at the project site and that
project plans follow the NPS Beach Nourishment Guidance (NPS 2012). During placement of dredged
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sediment, a submerged pipeline would cross the surf zone and connect to elbows and valves at the edge of
the beach. Portions of this pipeline may be left in place during sand placement. After an initial platform of
sand is pumped into place on the existing beach and shaped by bulldozers, lengths of steel shore pipe
would be connected parallel to the beach. A splitter placed at the end of the pipe would spray a slurry of
sediment and water along the shoreline. This slurry is pumped continuously for the duration of the
project’s construction, with work stoppages only occurring for weather or mechanical delays. See figures
5, 6, and 7 in appendix A.

During placement of trucked material, dump trucks would transport sand from an upland borrow pit
outside Seashore boundaries to the study area. At this time, most beach nourishment projects along the
Seashore (and along the Outer Banks in general) contain millions of cubic yards (cy) of sediment within
their designs (more detailed background and examples are included in the “Littoral Processes and Barrier
Island Morphology” section in chapter 3). Because there are limited upland sand resources within an
economical distance to the Seashore it is likely that nearly all beach nourishment projects would be
performed via dredge and fill operations.

Figure 8 in appendix A illustrates how profile nourishment is planned. The nourishment would be
expected to spread laterally toward unnourished areas where the profiles have more sand (Luijendijk et al.
2017; Elko et al. 2007; Dean 2002). Nourishment volumes are determined by using survey data to
calculate the volume needed to reach some minimum ideal beach size. By identifying local deficits in
beach volume, project planners may determine the amount of sand to place at particular portions of the
Seashore. This method allows planners to compensate for the deficit in beach volume at a site as well as
place excess volumes to compensate for future anticipated erosion (Dean 2002).

Locations for anticipated beach nourishment along the Seashore oceanfront include, but are not limited to:
= Bodie Island

North of Mirlo Beach

Avon

Haulover Sound access and areas south towards Buxton

Buxton

The Bypass Road (Cape Hatteras Point Area)

Frisco to Hatteras

Hatteras Village

South End of Hatteras Island

North End of Ocracoke (South Dock)

Ocracoke Island

The locations listed above include sites where future beach nourishment project requests are considered
likely or known based upon NCDOT feasibility studies, discussions with cooperating agencies, and
erosion studies.

The NPS may also undertake beach nourishment on the sound side of the Seashore. Sound side

nourishment may include placement of dredged material or sediment trucked in from other locations,
similar to actions described above.
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Based on discussions with Seashore staff, sound side areas that may be subject to sediment management
actions include:

= Haulover Day Use Area

®  Salvo Day Use Area

= Frisco to Hatteras (NC 12) Sandy Bay “Isabelle Inlet”

®  areas near inlets which typically provide valuable nesting habitat for shorebirds

Habitat Restoration

In addition to evaluating and, in appropriate cases, permitting projects that may be proposed by other
entities, the NPS would work with other agencies to use navigational dredged material to restore habitat
for nesting wildlife including shorebirds at the southern end of the Hatteras Island area and Green Island
in Oregon Inlet (see figure 9 in appendix A). This would include the application of dredged material and
moving/manipulating sand at the site with heavy machinery. Dredged material for these habitat
restoration projects would come from pipeline dredging operations of navigational channels within the
Pamlico Sound, provided the sediment is a close match or is compatible to the native mean grain size
found at the project site and project plans follow the NPS Beach Nourishment Guidance (NPS 2012).
NPS may also consider habitat restoration elsewhere at the Seashore in the future, as necessitated by local
conditions. All habitat restoration projects would include continuous monitoring of sensitive areas as well
as compliance with other parameters described in this DEIS. No new designated ORV areas would be
established in habitat restoration areas. Existing ORV routes and non-motorized public access that do not
interfere with habitat restoration would continue to be allowed.

As part of regular maintenance of the navigational channel, the USACE dredges sand from Oregon Inlet
on the north end of the Pea Island NWR portion of the Seashore and disposes compatible sand on Pea
Island NWR’s beaches. The dredged sand is pumped onto the beaches if it is compatible with natural
beach sand. All aspects of the Oregon Inlet dredging operations, including the extent of dredging areas,
the location for disposal of dredge spoils, and the ability to dredge year-round were previously analyzed
in a separate compliance document and therefore are not included in this framework and DEIS.

Dune Nourishment and Sand Relocation

In the areas identified above, alternative B may include dune reconstruction and/or enhancement, as well as
moving or regrading sand in order to protect natural and cultural resources, existing access and
infrastructure improvements, and public facilities. These actions could include but are not limited to small
scale projects to move sand off of NC 12, stabilize dunes along NC 12 including the use of sand bags, and
moving sand off of private property and county roads after storms or extreme high tide events. Actions that
promote dune building processes, such as beach grass planting and installation of sand fencing, are included
in alternative B and may be carried out by NPS or a permittee in consultation with North Carolina Division
of Coastal Management (NCDCM), NCWRC, and FWS.

Emergency Breach Repairs

When storm events create inlets or overwash areas that damage roadways, these situations may be
addressed by trucking, staging, and pumping sand in from nearby or other locations to fill in the island
breach. A breach is the condition where a channel across the island permits the exchange of ocean and
sound waters under normal tidal conditions — there can be a partial or full breach (USACE 2016).
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Project Parameters

Sediment management actions permitted under alternative B would fall within the general parameters of
previously approved sediment management actions (unless improved methods are discovered). Permitted
actions would be required to comply with all conditions specifically developed and prepared by state and
federal agencies to maximize protection and minimize impacts to natural and cultural resources,
recreation, public access, and health and safety in and near the proposed project.

Sediment Characteristics (Grain Size and Slope)

The grain size, color, texture and geologic characteristics of the material from the borrow site would be
required to be a close match to the native beach or shore conditions found at the proposed project site,
following the NPS Beach Nourishment Guidance (NPS 2012). Additionally, grain characteristic criteria for
sediment compatibility would follow the standards outlined in the North Carolina Administrative Code
(NCAC), at 15A NCAC 07H.0312, Technical Standards for Beach Fill Projects (North Carolina OAH
2014). Grain characteristic requirements are also outlined in the North Carolina Coastal Beach Sand
Placement Statewide Programmatic Biological Opinion (SPBO) (FWS 2017).

Material would be considered for a proposed project from upland or offshore borrow sites, and dredged
material sources as long as the material is clean (e.g., similar grain size and no toxic and/or fine-grained
material) and meets the grain characteristic requirements. NPS would require that sediment for beach
nourishment projects be sourced from outside the active beach profile or the underwater area within
which sand moves onto and off of the visible dry beach. This requirement prevents projects from simply
recycling material within the beach profile and ensures outside material will be deposited, increasing the
total beach volume. FWS would have specific recommendations for beach profiles, in order to avoid and
minimize impacts to nesting sea turtles. Constructed dunes should have a relatively steep slope (e.g., 1.5
to 1) to discourage nesting female sea turtles from going up and over the dune. A back slope is not
recommended, unless needed to tie into the existing elevation.

The beach should generally be designed to have a slope that is similar to pre-project conditions following
post-construction beach equilibration processes. This post construction profile equilibration aspect of
projects is described later in this document as the “constructed” dune and berm profile that adjusts to the
“design” profile following equilibration of the berm via natural wave and tidal process. It is during this
equilibration process that the constructed berm achieves a more natural slope. If projects are constructed
in the future where the slope does not adjust accordingly due to compatibility or other issues, NPS would
consider revised requirements for future nourishments.

Dune and sound side nourishment projects would require similar quality controls as beach nourishment
projects. In general, dunes contain more fine-grained material than most of the beach profile. Sound side
shorelines can vary between sand-, silt-, and clay-sized grains depending on site-specific conditions.
Sediment characteristics and slope would need to match either “native” pre-project conditions or
represent a “restoration” to some previous or desired state.

Volume

The volume of material used for projects is assumed to be between 50-250 cy/foot (measured along the
length of the project), and scheduled projects would range from less than a mile to a maximum
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approximately 6 miles in length annually for ocean side sites. At most, 7.92 million cy would be placed
along the ocean side of the Seashore, annually. The 6 miles of nourishment may be allowed as a single
project or broken into non-continuous areas with a linear distance no greater than 6 miles total for the
year. Distance between study areas may be taken into consideration during permitting to aid in the
recruitment and recovery of macroinvertebrates affected by nourishment projects. In the event an
emergency is declared following a severe storm event, an additional 6 miles of sediment management (an
additional 7.92 million cy) may be considered after completing necessary regulatory permit processes.
For analysis purposes, it is assumed that these additional emergency nourishment events may occur once
every five years. Individual project volumes and fill characteristics would be determined on a site-specific
and project-specific basis, once pre-project surveys have been completed. The 50-250 cy/foot volume
estimate is based on previous, locally sponsored project volumes.

Because there are unavoidable volume losses involved in the transport of dredged sediment from a borrow
site to a study area, the volume of dredged material would generally be approximately 10% greater than the
designed fill volume. For instance, the 2017 Beach Restoration to Protect NC Highway 12 at Buxton Project
dredged 2,798,160 cy while the surveyed fill volume on the beach was 2,607,632 cy (93.2%). The 2019
beach nourishment at Nags Head dredged 2,279,604 cy and placed 2,077,732 cy (91.1%).

Other sediment management actions such as dune nourishment and/or sound side nourishment would be
expected to require smaller volumes commensurate with the purpose and site conditions. Dune restoration
or nourishment projects often fill an eroded gap within a larger pre-existing dune. So, the width and
height of the post-project dune would be determined based upon site-specific conditions using historical
surveys or photography. Most dune volume changes are at least an order of magnitude lower than volume
changes to the entire beach profile, so project volumes for dune nourishment activities would likely vary
from approximately 1,000 cy to more than 100,000 cy.

Sound side nourishment volumes would also be determined on a site-specific basis. Beach and dune
nourishment projects construct a template for a relatively limited number of habitats within sandy areas like
the dry/upper beach, dune ridges, and intertidal beach. However, sound side projects may involve placement
of sand, silt, and/or mud in order to promote different habitats along Pamlico Sound. VVolumes associated
with sound side nourishment would likely vary from approximately 1,000 cy to more than 100,000 cy.

Breach fill operations often require larger volumes of sediment to fill the breach channels. Volumes
associated with breach fills can range from approximately 100,000 cy to over 1,000,000 cy (USACE
2005, 2017; NPS 2003), although it is possible some relatively minor breaches could be addressed with
thousands of cubic yards.

Borrow Areas

The inshore portion of the continental shelf, extending from the shoreline to 3 miles offshore is within the
North Carolina Exclusive Economic Zone (NCEEZ). Over the last decade, sediment used for projects at
the Seashore has been dredged from locations in the NCEEZ (Nags Head 2011, Buxton 2017, Nags Head
2019). In circumstances where distances to the borrow area are 2 miles or less, ocean-certified pipeline
dredges may be used to dredge. Longer distances may require equipment such as booster pumps, which
are used to move sediment through a pipeline longer than approximately 2 miles. In cases where a borrow
area is several miles from the project site contractors may elect to use a hopper dredge, which can
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transport sediment from a borrow area to a project site over longer distances (BOEM 2013). Dredging for
breach repairs would have similar requirements.

Sediment for future projects may be sourced from borrow areas located beyond 3 nautical miles offshore,
in federal waters on the OCS, where BOEM holds the authority to authorize the use of OCS sand. The
Marine Minerals Information System (MMIS), as part of BOEM’s National Offshore Sand Inventory,
may be used to determine appropriate borrow areas beyond the NCEEZ (BOEM 2019b). As described in
"Collection of Environmental Data Within Sand Resource Areas Offshore North Carolina and the
Environment Implications of Sand Removal for Coastal and Beach Restoration” (Applied Coastal
Research and Engineering, Inc. et al. 2003, pgs. 138 -174), Sand Resource Areas 1, 2, 3, and 4 contain
borrow sites with the greatest potential for future use at the Seashore (see figure 10 in appendix A). The
primary purpose of this study was to address environmental concerns associated with potential sand
dredging from the OCS offshore Dare County, NC for beach nourishment. A copy of this document can
be found on the project website (https://parkplanning.nps.gov/CAHASediment).

Additionally, the USACE is in the process of developing a South Atlantic Coastal Study (USACE 2020a),
analyzing coastal risk and vulnerabilities along the South Atlantic and Gulf coast shorelines and
identifying specific actions to mitigate risks. The Sediment Availability and Needs Determination
component of this study will examine all federal and non-federal beach projects from North Carolina to
Mississippi to determine the need and availability of sediment to maintain projects for the next 50 years.
Preliminary borrow area locations relevant to Dare and Hyde Counties have been identified by USACE
and are available in appendix A, figures 10, 11, 12, and 13. Additional information can be found at
https://www.sad.usace.army.mil/SACS/.

Frequency and Extent

The frequency of nourishment projects permitted at a specific site would be limited under alternative B to
allow re-establishment of benthic communities following sediment placement, except where critical
transportation infrastructure that provides access to the Seashore may require more frequent, emergency
management. Alternative B would permit sediment management on up to 6 miles of the Seashore
annually, recurring at individual sites as frequently as every 3 years. The 6 miles of allowed nourishment
may be allowed as a single project or broken into non-contiguous areas with a linear distance no greater
than 6 miles total for the year. A nourished area would not be eligible to receive material again within the
3-year period unless permitted under an emergency declaration. If an emergency is declared following a
severe storm event, an additional 6 miles of sediment management may be permitted. For analysis
purposes, it is assumed these emergencies may occur once every five years.

Re-nourishment may be needed as vulnerable areas throughout the Seashore continue to experience erosion
through natural processes and as sand washes away over time. In some circumstances, other permitting
agencies such as USACE and BOEM may require the project proponent to determine sediment volume loss
or beach width reduction before a subsequent event in the same location is permitted. Project proponents
may also determine nourishment frequency based on FEMA funding received after a storm event or loss of
sediment. Because benthic communities take time to recover fully after nourishment, a well-defined
monitoring plan designed to evaluate benthic recruitment would be used to refine appropriate frequencies of
future nourishment projects. This is intended to help identify whether compounding impacts of successional
benthic community-wide impacts should be considered in future project plans.
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When issuing a permit, the NPS would require placement of sand at 600-800-foot intervals at any given
time for Atlantic-facing nourishment projects. This is approximately 0.2% of the overall Seashore length
(i.e., 67 miles). In fair weather, more than 300 ft of nourishment could be completed per day. Sound side
projects are anticipated to be smaller in extent.

Time of Year

The NPS would recommend that proposed actions at the Seashore occur between November 16 and
April 1 to avoid breeding and migration periods for listed shorebird species and nesting seasons for sea
turtles. However, where safety conditions may preclude winter-time activities (e.g., emergency response,
projects that require open-ocean dredging), the Seashore may permit summertime work, with the
requirement that permittees work closely with other resource agencies to incorporate avoidance and
minimization measures. Allowance to work within migratory and nesting seasons may include only a
portion of the season.

Reference Area Monitoring

As mentioned above, under alternative B, the NPS would set aside 5 segments, totaling approximately 13
Seashore miles (including the Pea Island NWR portion of the Seashore), to provide reference zones that
may be used to perform comparative studies with nourishment project study areas. The areas designated
for these reference zones are illustrated as zone 2 in figures 3 and 4 in appendix A, and include:

®=  Pealsland NWR: 2 miles from the start of the Jug Handle Bridge to where it ends at Mirlo Beach

®=  Between Salvo and Avon: 2 miles from Village of Salvo to 1 mile south of Ramp 25

m  Cape Hatteras Point to Frisco: 5 miles from the point to an area west of Ramp 48

m  Hatteras Island terminus: 2 miles from ramp 55 to an area near the end of the island but not

including the end
m  QOcracoke Island terminus: 2 miles from ramp 72 to the intersection with Ocracoke Inlet

The criteria for identifying the reference areas above include (1) locations not adjacent to a highway or
village and (2) locations with either low erosion rates or significant beach width, indicating that
nourishment is not likely to be proposed over the next 10-20 years; and (3) locations requested to be
identified as reference locations by cooperating agencies. Other areas may be considered. Long-term
studies of intertidal invertebrates, erosion, storm impacts, and other metrics may be used to evaluate rates
of recovery in nourishment areas. Information gained from monitoring can be used to further improve
conditions associated with future projects, including modification of the frequency, timing, and other
methods associated with nourishment projects.

Ongoing Scientific Review

Every two years following the development of this framework, the Seashore and Pea Island NWR would
convene agency regulatory partners to review the results of monitoring, emerging scientific information,
new regulatory requirements, and new erosion and transportation management solutions (such as proposed
bridge building). A summary of the state of the science and any potential changes to sediment management
conditions would also be prepared as a brief report and distributed to the public.
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Mitigation Measures

It is expected that specific conditions will be required by regulatory agencies for projects taking place
under this framework, including conditions associated with a specific FWS BO and relevant project
design criteria (PDCs) of the 2020 SARBO. NPS specifically incorporates all of the terms, requirements,
obligations and conditions of the permits, certifications, letters and documents, mitigation and
consultation requirements for all the activities before, during and after construction as specifically
developed and prepared by state and federal agencies to maximize protection and minimal impact to the
physical environment, threatened and endangered species and people in and near the project, as if fully
written in their entirety in the SUP. Additional conditions may be required as a result of relevant
permitting by other agencies, as described in appendix B. Anticipated conditions include:
= Threatened and Endangered Species Mitigation Terms and Conditions required for an NPS SUP.
= During sediment placement, material shall be qualitatively inspected daily by the contractor or
engineer to ensure compatibility. If the inspection process finds that a significant amount of non-
compatible material has been placed onthe beach, all work shall stop immediately and the
Seashore, NCDCM, and the USACE will be notified by the permittee or USACE to determine the
appropriate plan of action (FWS 2017). Beach-compatible material would consist of sediments
that are similar in composition, grain size distribution, and color to the native sediments of the
recipient sites (FWS 2017; NPS 2012; North Carolina OAH 2014).
= The project proponent would not injure, alter, destroy, or collectany object, structure, or site of
historical, archeological, or cultural value. Should the action unearth previously undiscovered
archeological resources within Seashore boundaries, work would be stopped immediately in the
area of such discovery, and the permittee would immediately contact the Seashore. The Seashore
would consult with the SHPO and the Advisory Council on Historic Preservation as necessary.
= The applicant is responsible for obtaining all other required State, Federal and Local approvals
before application of the project, including those required by but not limited to USACE, BOEM,
NCDCM, and FWS. Copies of these approvals must be submitted to the NPS as part of the NPS
SUP application package.
m  Other modifications to operations may be recommended by federal and state resource agencies
during the permitting processes.

ALTERNATIVEC

Alternative C would be similar to alternative B in that it includes beach nourishment, dune nourishment
and sand relocation, and emergency breach repairs as described under alternative B. Sediment
characteristics, volume, borrow areas, time of year, and mitigation measures would be the same as
described under alternative B. The frequency and extent of nourishment projects would differ under this
alternative. Sediment management may occur on up to 6 miles of beach every 5 years. The frequency
assumption is based on past permitting actions at the Seashore for sediment management and emergency
actions to protect NC 12 over the last 10 years. The establishment of exclusion areas for reference
monitoring as stated in alternative B would not take place under this alternative (see figure 14 in appendix
A). This alternative would not result in the development of a consistent framework for sediment
management that meets permitting needs at the Seashore for the next 20 years. Projects on the Pea Island
NWR portion of the Seashore would be subject to individual permit review by FWS. For a description of
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the recent history of sediment management projects permitted by FWS on the Pea Island NWR portion of
the Seashore, see appendix C.

ALTERNATIVES CONSIDERED BUT DISMISSED

Hardened Structures

Groin® rehabilitation, new groins, jetties,® or other hardened structures are not considered in this sediment
management framework. No special use permit applications have been received or are anticipated to be
received in the near future for new groins or jetties. Additionally, the construction and rehabilitation of
groins and jetties along ocean shorelines and outside of Seashore boundaries are currently limited by state
law (GS 113A-115.1), and it is unlikely that the State would permit these structures at this time rendering
this alternative element technically infeasible.

New Bridges

NPS has considered but dismissed construction of new bridges from the range of alternatives. NPS
recognizes bridges as a sustainable option to maintain natural over wash function while allowing access to
the Seashore. Dismissal of this alternative does not preclude the NPS from considering permitting new
bridging and other sustainable solutions in the future. New bridges are not carried forward for analysis
here because they are not a sediment management action. Therefore, new bridging or similar road
proposals do not fall within the scope of the framework and have been dismissed. NPS may evaluate
future bridge proposals under a separate NEPA review, where appropriate.

Winter-Only Beach Nourishment

The NPS considered a winter-only beach nourishment alternative. Work under this alternative would be
completed during the winter months within a particular environmental window for construction
prescribed by the FWS and NMFS. NPS evaluated a similar alternative for the 2017 Beach Restoration to
Protect NC Highway 12 at Buxton Project. While winter-only nourishmentwould result in fewer impacts
on listed species and Seashore visitors, winter nourishment activities were determined infeasible by the
USACE and offshore dredging operators. Dredging can be dangerous when seas are rough. The areas that
are likely to be dredged under this framework receive high wind and wave events during winter months
making dredging operations during that time particularly dangerous and often infeasible. For this reason,
NPS dismissed the winter-only alternative.

Living Shoreline and Marsh Restoration

The NPS considered living shorelines” and coastal marsh restoration as alternative elements to reduce
erosion on the sound side of the Seashore. Living shorelines are beneficial for some coastal environments as
they generally result in sustainable long-term habitat protection. NPS generally supports and would consider
requests for these types of restorations. These alternatives require engineering, build, and biotic elements

® Groins are a type of hardened structure installed with the intent to capture sediment locally to stabilize shorelines. They
are typically installed perpendicular to the shoreline and can be constructed of materials such as sheet piles or stones.

6 Jetties are hardened structures, similarto groins, that are usually associated with protecting harbors orinlets.

" Aliving shoreline isa protected, stabilized coastal edge made of natural materials such as plants, sand, or rock.
Unlike a concreteseawall or other hard structure, which impede the growth of plants and animals, living shorelines
grow overtime.
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specific to the proposed location of the living shoreline and are not a sediment management action. They
typically result in a more permanent ecological element to the environment. Because there are currently no
proposed locations for living shorelines and future locations are speculative at best, the impacts of these
actions cannot be meaningfully analyzed. Therefore, NPS has dismissed living shorelines from this analysis.
The NPS would evaluate living shoreline proposals under a separate NEPA review, as appropriate.

Removal of the Avon Pier

During public scoping, a commenter requested that the NPS analyze the removal of the Avon Fishing
Pier. The Avon Fishing Pier, located in the Village of Avon, provides a recreational opportunity to
Seashore visitors and is not considered a sediment management device or structure. The removal of the
Avon Fishing Pier is not carried forward for analysis because it does not meet the purpose and need for
taking action nor is it being currently proposed by partner agencies. Therefore, the removal of the pier is
outside the scope of this framework and EIS. Dismissal of this alternative element does not preclude the
NPS from considering future proposals for the management of the pier.

Unlimited Beach Nourishment

The NPS considered an alternative that would not limit the amount or extent of permits issued each year at
the Seashore for sediment management. The Seashore was designated to preserve dynamic barrier islands
and its unique vegetation, wildlife and coastal processes, and to provide recreation and enjoyment for the
public. Not placing any limits on the amount or extent of sediment management actions permitted at the
Seashore could result in unacceptable environmental impacts to Seashore resources, including impacts to
natural resources and visitor use and enjoyment. Additionally, those agencies that would be requesting
permits for sediment management have indicated that not limiting the amount or extent of projects permitted
at the Seashore would be economically infeasible and, therefore, not reasonably foreseeable.

Relocation and Abandonment of NC 12,
Coastal Retreat, and Abandonment of the Seashore

During public scoping, commenters requested that the NPS analyze the relocation and abandonment of
NC 12, coastal retreat, and abandonment of the Seashore. The relocation or abandonment of NC 12,
coastal retreat, and abandonment of the Seashore are not carried forward for analysis because they are
neither sediment management actions nor currently being proposed by partner agencies and are therefore
outside the scope of this framework and EIS. The Act of Oct. 29, 1951, Pub. L. No. 229, 65 Stat. 662,
granted the State of North Carolina a permanent easement to construct, maintain and operate a paved road
through the Seashore, including the refuge. The ROW easement extends 60-150 ft on either side of the
center line of NC 12. Any adjustments, relocations, or abandonment of NC 12 within the easement are
outside the jurisdiction of the Seashore and are managed by NCDOT. The NPS will continue to work
closely with NCDOT on any projects related to NC 12, and as stated in alternative B, the NPS encourages
park partners to develop long-term, sustainable strategies that allow for the shoreline to respond
dynamically to relative sea-level rise and erosion. The NPS will evaluate future proposals by NCDOT
under a separate NEPA review, if appropriate.

Coastal retreat or abandonment by the NPS would not allow for recreation and enjoyment by the public at

the Seashore. In order to manage and preserve the nation’s national park lands, Congress passed the
National Park Service Organic Act in 1916. 16 U.S.C. 81. The Organic Act established the NPS as an
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agency under the direction of the Secretary of the Interior with the stated purpose of promoting use of
national park lands while protecting them from impairment. Specifically, the Act declares that the NPS
has a dual mission, both to conserve park resources and provide for their use and enjoyment “in such a
manner and by such means as will leave them unimpaired” for future generations (16 U.S.C. 81). Coastal
retreat or abandonment of the Seashore may constitute impairment and may violate both the Seashore's
enabling legislation as well as the Organic Act. For these reasons, coastal retreat and abandonment were
not carried forward for detailed analysis.

Dredging within the Seashore Boundary

Dredging within the Seashore boundary would not be considered in this Sediment Management
Framework unless it is required for navigational dredging. The Seashore boundary is mean low water line
on the ocean side and 150 ft into the Pamlico Sound from mean low water line on the sound side. Oregon
Inlet is one example of an area regularly dredged to maintain navigation, and the spoils from that
dredging (and other navigational dredging) may be used for habitat restoration as mentioned under
alternative B. With the exception of navigational dredging, there are no areas suitable for dredging within
these boundaries.
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CHAPTER 3: AFFECTED ENVIRONMENT

INTRODUCTION

This chapter describes the current condition of littoral processes and barrier island morphology; benthic
organisms and EFH; sea turtles; listed shorebird species; and structures and infrastructure that may be
affected by the implementation of a sediment management framework for the Seashore.

The chapter focuses on four primary habitat areas that may be affected by sediment management
activities: the ocean side beach, sound side, areas adjacent to inlet channels, and potential borrow areas.

= The ocean side beach consists of the sand dunes at the inland side of the beach, the dry beach
environment located above mean high water, the wet beach environment located between mean
high water and mean low water, and nearshore subtidal habitats. The ocean side beach is a high
energy environment continuously exposed to wind, waves, and currents.

®  The sound side habitat area includes shallow estuarine waters, tidal marshes, mud flats, sand
bars and sandy bottom areas, submerged aquatic vegetation (SAV), and some sand beaches.
Generally, the sound side is a lower energy environment than the ocean side, although sediment
transport processes still shift sand in small shoals and bars.

= The habitats adjacent to inlet channels include sandy beaches, sand bars, and channels. The
channels were initially created naturally, and regular dredging attempts to maintain their current
depths. These areas are exposed to wind and wave energy similar to the ocean side beach
environment. However, the channels and adjacent shallow areas also experience stronger
currents which cause different types of sediment transport and resulting landforms.

®  The offshore bottom habitats consist of sandy shoals offshore of the Seashore on the ocean side
from which sand would be dredged for use in sediment management activities. These areas
could be located within state or federal waters and may be up to 60 ft in depth. Generally, areas
beyond that depth are not subject to the high-energy processes that occur in the beach or inlet
environments but are influenced by larger scale hydraulic movements such as tidal flow and
ocean currents. As a result, the deposits have a finer mean grain size.

LITTORAL PROCESSES AND BARRIER ISLAND MORPHOLOGY

Coastal Resources Background

Littoral processes and barrier island morphology are the physical characteristics which, in part, make the
Seashore a unique natural system. Along ocean-facing shorelines, the Seashore is exposed to deep-water
wave energy as well as storm winds from as much as 270 degrees of direction. Because of relatively high
wind and wave energy, and a low astronomical tidal range of approximately 3.1-3.5 ft the Seashore is
considered a wave-dominated coast (USGS 2004). This means the primary drivers of morphological
change are wind, wind-driven waves, and storm surge. In a given year, approximately 772,000 cy of sand
is transported south towards Cape Hatteras from the northern Outer Banks (Inman and Dolan 1989).

The Seashore encompasses a string of barrier islands and spits from just north of Oregon Inlet to

Ocracoke Inlet along the northern half of the North Carolina Outer Banks. This stretch of coastline
contains more than 67 miles of ocean-facing beaches, Cape Hatteras Point, and three permanent tidal
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inlets (Oregon, Hatteras, Ocracoke) along with multiple areas subject to breaching via storm-driven
overwash (the Pea Island NWR portion of the Seashore, Rodanthe, Avon to Buxton Village, Sandy Bay,
and Ocracoke Island). The Seashore boundary is mean low water line on the ocean side and 150 ft into the
Pamlico Sound from mean low water line on the sound side. The Seashore provides direct vehicular
access to much of the shoreline, most of which is undeveloped beach open to the public.

The Outer Banks are a textbook example of a micro-tidal, wave-dominated coast (Hayes 1994; Riggs and
Ames 2003), which features elongated barrier islands separated from the mainland by a wide shallow
lagoon (sound) (see figure 1 in appendix A). Due to the location of the Seashore between a broad, shallow
lagoon — Pamlico Sound — and the Atlantic Ocean, the region is windswept. Strong winds transport beach
sands into large (e.g., more than 30 ft above mean sea level [MSL]) dune ridges along much of the
Seashore (Havholm et al 2004; Wells and Kim 1989). The specific elevations of dune ridges are
dependent on the balance between wind energy, sand supply, and wind-stopping elements like vegetation
that can serve to reduce the amount of wind-blown sand (Davidson-Arnott 2010). In lower parts of a dune
ridge, high water can transport sand landward into formations known as overwash fans. These deposits
are important on wave-dominated coasts with few tidal inlets like the Outer Banks, because they are one
of the primary drivers of landward barrier migration (Mallinson et al. 2008). In geological terms,
overwash deposits allow the barrier to conserve its sand volume against relative sea-level rise by
migrating landward with increasing water levels (Rosati et al. 2013).

On sound side shorelines, winds approaching from the southwest can travel over 60 miles across open
water in Pamlico Sound before reaching the Seashore (Wells and Kim 1989). Along northwest-facing
shorelines, this distance is greater than 25 miles. In either case this can result in significant water level
changes along the sound side shoreline (known as wind tides — see NOAA 2020a for additional
information), which can induce erosion of that shoreline just as rough seas remove sand from the ocean-
facing beaches. When wind directions change rapidly during high water events (for instance, during the
passage of especially strong nor’easter-type storms or tropical systems), rapid changes in water level on
the sound side may induce breaching of the barrier island and result in the opening of a channel between
the Atlantic Ocean and Pamlico Sound (USACE 2005).

These barrier islands provide shelter to sounds and tidal rivers extending tens of miles across the coastal
plain. One notable characteristic of wave-dominated, micro-tidal barrier islands is their tendency to be long
and narrow with widely separated inlets. Over a 400-year period, approximately 30 inlets have been
documented along the Seashore. Many of the inlet channels are short-lived (e.g., less than 12 months active)
but may be the sites of repeat flooding and breach hazards during storm events (Mallinson et al. 2008;
Houser and Hamilton 2009; Everts et al. 1983). Only three inlets along the Seashore — Oregon, Hatteras, and
Ocracoke — have persisted for decades, in part due to navigational dredging. The influence of dredging
within the inlets is just one of many examples of human interference with natural processes at the Seashore.

Hurricane Irene (August 2011) produced several breach inlets; one near Oregon Inlet along Pea Island
that closed naturally within weeks of the event. A breach near Rodanthe was closed artificially after the
storm. Prior to Irene, a large (e.g., greater than hundreds of feet wide) breach occurred approximately one
mile north of Buxton Village in 1962 (USACE 1963), and near Hatteras Village from the Pamlico Sound
side of the island during Hurricane Isabel in 2003 (Wutkowski 2004; USACE 2010). Both breaches were
closed artificially within a year to restore vehicle access to the area and rebuild NC 12, the only road
through the Seashore. Such breaches typically only occur during storm events at the narrowest segments
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of the barrier island where the dunes are low. Given that globally rising temperatures are linked with
increasing confidence to increased tropical cyclone frequency and intensity (Kossin et al. 2020), breaches
may occur with increasing frequency in the future.

Net sediment transport along the shoreline is generally directed southward (Inman and Dolan 1989). The
northern 40 miles of the Seashore face east and extend from Oregon Inlet to Cape Hatteras Point. The
southern 30 miles face south and stretch from Cape Hatteras Point to Ocracoke Inlet, along portions of
Hatteras and Ocracoke Islands. At Cape Hatteras Point, similar to Capes Lookout and Fear farther south,
the shoreline makes a prominent turn from a north-south orientation (from Oregon Inlet to Cape Hatteras
Point) to an east-west orientation (from Cape Hatteras Point to Ocracoke Inlet). Locally, the area around
the Cape is referred to as Cape Point (also referred to as Cape Hatteras Point throughout this document),
and it represents a zone of sand accumulation from the north and west (see figure 15 in appendix A). Sand
moving toward Cape Hatteras Point has accumulated in Diamond Shoals (see figure 1 in appendix A),
one of the largest banks of shallow water along the Carolina coast.

Beaches to the north of Cape Hatteras Point are exposed to similar waves from the northeast and routinely
experience the largest wave heights on the US Atlantic Coast (USACE 1996b). During Hurricanes Irene
(2011) and Sandy (2012), peak wave heights approximately 1 mile off Duck and Nags Head, NC
exceeded 27 ft (McNinch et al. 2012; CSE 2013a). These locations are just north of the northern boundary
of the area of likely sediment management activities. South of Cape Hatteras Point, wave heights decrease
significantly and are dominated by the gentler southerly direction of approach. However, in the area
around Cape Hatteras Point, strong deep-sea swells may be observed from three primary directions of
approach (e.g., Northeast, Southeast, and Southwest waves all strike Cape Hatteras Point from deep
water). This exposure makes the Cape Hatteras Point area more susceptible to erosion from storm
passage, when winds may shift rapidly from southerly to northerly directions but remain onshore.

Mean tide range at the Cape Hatteras Fishing Pier in Frisco, near the center of the area of likely sediment
management activities, is 3.1 ft with a spring tide range of 3.5 ft (NOAA 2019a). Sea level has risen during
the 20th century as well, with the tide gauge at the Oregon Inlet marina (on the north side of the inlet
channel) registering a relative change rate of approximately 0.2 in/year since 1977 (NOAA 2020b). This rate
has accelerated more recently and is expected to be incrementally higher throughout the lifetime of the
proposed framework (NOAA 2020b). Sea level measurements at the Oregon Inlet are comparable back to
1977 because that was the year in which that site record begins.

Seashore beaches exhibit the full spectrum of conditions from accreting (e.g., Waves, Salvo, Cape
Hatteras to Frisco) to eroding (e.g., Pea Island, Rodanthe, Buxton) (USGS 2005; NCDENR 2012; NPS
2015c). Chronic beach and/or dune erosion indicates there is an insufficient volume of sand in the beach and
dune system to maintain the present arrangement of habitats (Houser et al. 2008; Saye et al. 2005; Stauble
2005; Nordstromet al. 2000; Dean 1991). The deficit can be driven by a number of factors, including
disruption of nearshore sediment transport by hardened structures, a lack of sediment inputs from riverine or
inlet-based sources like sand bars and shoals, or changes in the wave climate affecting sediment transport
patterns. At decadal to century time scales, sand along Hatteras Island is generally conserved but shifts
between segments of the island. According to the North Carolina Division of Coastal Management,
shoreline recession rates along the Seashore are highest near Oregon and Hatteras Inlets, where rates
reach and even exceed negative 20 ft per year as of 2020 (NCDENR 2020). Away from the influence of
dynamic tidal inlets, reaches of shoreline between Avon and Buxton, as well as in the Rodanthe-Waves
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area are negative 10 to 15 ft per year. There are a handful of locations where the shoreline is not presently
moving landward (e.g., west of Cape Hatteras Point, central Ocracoke Island, Salvo), but these are
overshadowed by widespread shoreline recession elsewhere.

The combined findings of studies investigating shoreline histories along the Outer Banks document that
the islands are generally narrowing, with most (approximately 80%) of the recession occurring on the
ocean side (NCDCM 2020; Riggs et al. 2009; USGS 2005; Everts et al. 1983). The discrepancy between
oceanfront and sound side shoreline migration may be due to the loss of beach sand volume via transport
into inlets, which can serve as a conduit for beach sand being transported into the sounds (Mallinson et al.
2008). With projected relative sea-level rise rates forecast to continue increasing for the Seashore through
the lifetime of this framework, it is likely this trend of island narrowing will continue.

Previous Shore-Protection Measures

Previous shore-protection measures adopted along the Seashore include dune construction, beach
nourishment, and groin construction. Additionally, the historic Cape Hatteras Lighthouse was relocated to
mitigate coastal erosion hazards (NRC 1988; NPS 2013) and a terminal jetty was constructed on the south
side of Oregon Inlet to stop the southerly migration of the inlet and stabilize the beach for the first
kilometer from Pea Island south of Oregon Inlet (Riggs et al. 2009). This jetty, however, has not stopped
the shoreline erosion process along the Pea Island ocean shoreline (Riggs et al. 2009). These previous
measures have modified the natural system along portions of the Seashore by affecting (displacing and/or
either slowing or exacerbating) natural background erosion rates.

Dune Construction

In collaboration with the Works Progress Administration (WPA) and Civilian Conservation Corps (CCC),
the NPS began a massive dune construction project in the mid-1930s along the Seashore (Stratton 1957;
USGS 1986; NPS 2007). Brush panels and sand fencing were used to trap windblown sand and encourage
dune growth. Afterwards, vegetation was planted to encourage longer-term stability. Figure 16 in appendix
A shows present-day grassy dunes at the Seashore. AC Stratton was the field supervisor with the NPS
during the dune restoration efforts, and official reports (Stratton 1943, 1957) describe the condition of the
Outer Banks in the 1930s as compared to the late 1800s. Stratton (1943) attributed the denudation of
Hatteras Island to overgrazing, mainly by hogs, and timber removal by commercial interests. The
WPA-CCC work was credited with reducing erosion and saving the Cape Hatteras Lighthouse, which was
abandoned in 1936 (NPS 2007). By the 1970s, however, some researchers questioned the wisdom of dune
construction in light of increasing evidence for global and regional relative sea-level rise (NPS 1972;
Godfrey 1972; Godfrey and Godfrey 1976).

The natural sequence of erosion, overwash, and breach repair can be seen as a feature of barrier island
evolution and a necessary mechanism for allowing islands to respond to changes in storminess or sea
level (Riggs and Ames 2003; Smith et al. 2008; Riggs et al. 2009; NPS 2013). Many barrier islands have
also maintained positional stability over century time scales due to sufficient influxes of sand, natural
growth of dunes, and preservation of the sand budget (Hayes 1994; NRC 1995). In other cases,
researchers have been able to document the collapse and drowning of barrier islands due to breach inlet
formation and sea-level rise (USGS 1992; McBride and Byrnes 1997).
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A key point regarding barrier island persistence is that sediment supply to elevations above mean high water
must exceed the rate of sea-level rise and losses due to oceanfront erosion or overwash into the back-barrier
lagoon. This is why eroded beaches with an artificially high and stable dune ridge were observed narrowing
along portions of the Seashore between initial stabilization (1940s) and the 1970s (Godfrey 1972).

The portions of any beach that are more susceptible to overwash tend to be narrower and with
discontinuous, lower dunes (Sallenger 2000). Some research suggests a high dune ridge prevents
overwash and losses from the beach to sound, preserving localized sand budgets and reducing net erosion
rates (USACE 1998; Rosati 2005; Kana 2011; Rosati et al. 2013). This is because when a storm impacts
beaches backed by high broad dunes or bluffs, the beach profile is likely to adjust by scarping the uplands
and transporting sand offshore. Except in the most extreme cases, a majority of the eroded sand would
remain within the active littoral zone and be available to help rebuild the beach under ‘normal’ conditions
after storm conditions subside (Shepard 1950; Bascom 1954; Hayes and Boothroyd 1969; Seelig and
Sorensen 1974; Larson et al. 1999; Jackson and Nordstrom 2011; Liu et al. 2019).

Beach Nourishment

Several nourishment projects have been conducted within the Seashore boundaries since the 1960s. These
projects have collectively added approximately 7.5 million cy of sand across 8.6 miles of shoreline
beginning in 1966, at a non-adjusted cost of $83.2 million (NPS 2013; CSE 2013b; WCU 2019, Seashore
staff). The projects, time periods, volumes, costs, and applicable lengths of shoreline are listed
chronologically in table 1. In total, there have been 18 nourishment events at the Seashore.

Sand placed within the Pea Island NWR portion of the Seashore is not included in this list. Pea Island
NWR has received dredged material from USACE on 19 occasions since 1990. These projects have
collectively placed 9.7 million cy of sand along the NWR at a non-adjusted cost of $56.2 million (WCU
2019). This material is sourced from ebb-tidal shoals located off Oregon Inlet, and tends to contain a
higher portion of fine-grained sediments than an ideal nourishment borrow area along the Outer Banks
(Boss and Hoffman 1999).

TABLE 1. CHRONOLOGICAL LIST OF BEACH NOURISHMENT PROJECTS PERFORMED
WITHIN THE BOUNDARIES OF CAPE HATTERAS NATIONAL SEASHORE

Location Year VVolume (cy) Cost (USD) | Length (ft)
Cape Hatteras 1966 312,000 N/A N/A
Cape Hatteras 1971 200,000 N/A N/A
Cape Hatteras 1973 1,300,000 $22,471,910 7,920
Hatteras Island 1974 135,293 $836,640 1,353
Hatteras Island 1977 97,029 $1,026,946 970
Hatteras Island 1984 29,972 $375,000 300
Hatteras Island 1986 90,114 $692,226 901
Ocracoke Island 1986 167,755 $1,076,279 1,687
Hatteras Island 1988 74,646 $760,805 746
Ocracoke Island 1988 90,773 $889,685 908
Ocracoke Island 1989 113,229 $1,124,657 1,132
Hatteras Island 1992 18,147 $329,483 181
Ocracoke Island 1992 100,000 $1,165,326 1,000
Ocracoke Island 1995 44,305 $238,317 N/A
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Location Year Volume (cy) Cost (USD) | Length (ft)
Hatteras Island 2003 442,600 $8,423,913 1,500
Rodanthe 2014 1,620,000 $21,436,114 11,250
Ocracoke Island 2016 20,000 $350,000 600
Buxton 2018 2,600,000 $22,000,000 15,312
Total - 7,455,863 83,197,301 -

N/A: (not available)

Note: Table 1 does not include projects at Nags Head, Pea Island NWR. Due to multiple nourishments along certain reaches, the impacted
shoreline totals approximately 30,000 ft or about 8% of the Seashore oceanfront. Data assembled from Western Carolina University
Program for the Study of Developed Shorelines; costs presented in 2018 USD (http://beachnourishment.wcu.edu/), and Seashore staff.

The first beach nourishment occurred in 1966, when 312,000 cy were pumped from Pamlico Sound onto
the beach around Buxton and the US Naval Facility north of the lighthouse (NPS 1980; USACE 199643;
NPS 2013). This project was designed to mitigate sand losses incurred during the March 1962 (Ash
Wednesday) nor’easter, but the NPS reported “the borrow material...was too fine and did not remain on
the subaerial beach” (NPS 1980). Between 1970 and 1973, two additional beach nourishment projects
were completed in the Buxton-Cape Hatteras Point area to combat erosion and land loss around the
lighthouse. These projects consisted of approximately 200,000 cy of sand placed in 1970 near the
Hatteras Court Motel (adjacent to the shoreline at the north end of the Buxton Village) and a nearly 1.3
million-cy project obtained from an upland borrow pit in 1973. The 1973 project widened the beach by
approximately 500 ft, and the dry-sand portion of the beach was widened by nearly 70 ft (NPS 1980).

Between 1974 and 2003, seven additional beach nourishment projects were completed along Hatteras
Island. These projects collectively added approximately 888,000 cy to the beach along nearly 6,000 ft of
shoreline. The largest of these projects occurred in 2003, when 442,600 cy were placed along
approximately 1,500 ft of shoreline. Ocracoke Island received five inputs of nourishment sand between
1986 and 1995, totaling approximately 516,000 cy over 4,700 ft of shoreline. The most recent projects
(Rodanthe 2014 and Buxton 2018) used sediment dredged from offshore borrow areas.

The two largest projects have been completed within the study area, at Rodanthe (2014) and Buxton
(2017-2018). NCDOT, with assistance from the USACE, implemented a remedial nourishment north of
Rodanthe in response to critical erosion within the Pea Island NWR section of the Seashore. In 2014, 1.7
million cy were pumped from offshore borrow areas and placed along 2.1 miles of oceanfront in the
refuge. This was the first nourishment project along Hatteras Island to use offshore borrow areas (NPS
2013). At Buxton, Dare County sponsored the placement of nearly 2.6 million cy along 15,300 ftin 2017-
2018 to provide protection for a portion of NC 12. Nearly 55% of all nourishment volume to date along
the Seashore oceanfront has been placed since 2014.

Because there have only been two substantial nourishment events since 2003 along the Seashore, there is
a lack of data on the longevity of projects following completion. Earlier studies (Fisher et al. 1975)
tracked the performance of historical projects using profiles across the visible beach, but not underwater.
This precludes accurate analysis of performance because it does not capture underwater adjustments to
the profile that are ubiquitous around beach nourishment projects. One recent project (e.g., Buxton 2017-
2018) has experienced volume losses exceeding 50% of the project volume within 2-3 years of project
completion (CSE 2019). However, the location of the Buxton Project near Cape Hatteras Point, as well as
a jog in the shoreline around shore protection structures at the abandoned Cape Hatteras Lighthouse site,
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is exposed to a higher erosion rate than many locations along the Seashore. The Cape Hatteras Point —
Buxton area is vulnerable to wave approach from nearly 270 degrees of direction, and the protruding
shoreline around the old groins concentrates wave energy due to refraction. Moreover, that project was
followed by a relatively active winter storm season in 2017-2018. Another recent project outside the
Seashore, but close enough for comparison (Nags Head 2011), did not exceed 50% losses for 7 years
following project completion (CSE 2018). Therefore, the variability in erosion rates between sites and
between years makes predicting project longevity uncertain because it is difficult to determine whether
this pattern would carry through to other sites within the study area.

Groins

Groins are a type of hardened structure installed with the intent to capture sediment locally to stabilize
shorelines. They are typically installed perpendicular to the shoreline and can be constructed of materials
such as sheet piles or stones. There are three groins located within the study area, around the old Cape
Hatteras Lighthouse site in Buxton Village (see figures 17, 18, and 19 in appendix A). Persistent erosion
in the vicinity of an adjacent US Naval Facility spurred various shore-protection measures over the past
half century. Following a breach and subsequent closure in 1963 and small-scale nourishment
commencing in 1966, the US Navy installed sand bags along 1,100 ft of shoreline in 1967. These
geotextile bags deteriorated rapidly and proved short-lived (NPS 1980). The Navy then installed three
groins to stabilize the beach along their facilities (Machemehl 1979; USACE 1996a). The groins
reportedly slowed erosion updrift of the structures and for a few years caused accretion along the US
Naval Facility. Thiswas likely aided by the 1973 nourishment of 1.3 million cy of sand at Buxton
Village, described above. Dolan et al. (1974) reported the positive impact of the 1973 nourishment;
however, the USACE later suggested “the impact of the fill is believed to be minor compared to that of
the groins, which have been influencing the shoreline for more than 25 years” (USACE 1996a).

The area south of the old Cape Hatteras Lighthouse site continued to erode with the resulting shoreline,
forming a salient (or bulge) in the vicinity of the lighthouse (pictured in figure 19 in appendix A (USACE
1996a). During the 1980s, erosion around the southernmost groin (fronting the lighthouse) was
threatening to flank the landward end of the groin despite a protective sheet pile wall, which was installed
to prevent such a situation. Because of the deteriorated condition of the groins, they are not as effective at
trapping alongshore sediment transport as designed. A detailed survey of the beach surrounding the groins
has not been completed, so it is impossible to determine the percent volume of sand that passes through
the groins due to their condition.

Lighthouse Protection and Relocation

The original Cape Hatteras Lighthouse, completed in 1802 approximately 1 mile inland from the location
of the beach, was deemed inadequate because of its limited height and setback from the ocean (NPS 1980;
NRC 1988). A new lighthouse—the tallest in the United States—was completed in 1870, positioned
nearly 1,500 ft from the ocean. According to NPS records, by 1919, the ocean was within 300 ft of the
structure. By 1936, the US Coast Guard abandoned the lighthouse due to erosion and ownership was
transferred to the NPS. The NPS reported that the ocean had advanced to within 100 ft of the lighthouse
by 1935. This implies that between 1870 and 1919, the shoreline eroded 1,200 ft (approximately 25
ft/year), but erosion slowed between 1919 and 1935 to a rate of 12.5 ft/year (note: the high rate of retreat
between 1870 and 1919 could also reflect inaccuracies of early surveys which were made difficult by the
remoteness of Hatteras Island from control monuments on the mainland). Erosion apparently lessened or
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reversed between 1936 and 1950 when the US Coast Guard reactivated the lighthouse (NPS 1980). Shore-
protection measures to protect the lighthouse resumed in the 1960s as previously described (i.e., sand
bags, nourishment). After the USACE completed a series of emergency repairs to the groins and sand bag
revetment during the 1990s, funds were finally acquired, and the lighthouse was moved 2,900 ft
southwest in 1999 (completed September 14, 1999) (Booher and Ezell 2001).

NC 12

Prior to the 1950s, NC 12 was an intermittent paved road and unpaved trail between Oregon Inlet and
Buxton. In 1952, a fully paved, two-lane highway was completed. Certain sections of NC 12 along Hatteras
Island have been subject to erosion, washovers, and inlet breaching from the beginning (Riggs et al. 2009).
Three hurricanes in 1955 (Connie, August 12; Diane, August 17; lone, September 19) resulted in severe
erosion and damages to NC 12 between Buxton and Oregon Inlet (USACE 1996a). The Ash Wednesday
Storm (March 1962)—the nor’easter of record in the mid-Atlantic states—breached the barrier island
between Buxton and Avon (NPS 1977), causing emergency repairs to close the channel and rebuild the
highway. In 1973, the Lincoln’s Birthday Storm produced considerable erosion, including severe overwash
into Pamlico Sound just north of Buxton (NPS 1980).

In the early 2000s, NCDOT conducted extensive reviews of alternatives for the protection of NC 12 in the
Rodanthe area (NCDOT 2008; Parsons Brinckerhoff 2008). NCDOT, with assistance from USACE,
implemented a remedial nourishment north of Rodanthe in response to critical erosion within the Pea
Island NWR section of the Seashore. In 2014, 1.7 million cy of sand were pumped from offshore borrow
areas and placed along approximately 2.1 miles of oceanfront in the refuge. In the Buxton Village area,
Coastal Science & Engineering (CSE) in 2013 and NCDOT in 2015, conducted feasibility studies to
evaluate alternatives for road maintenance and protection of NC 12 (CSE 2015). Dare County, the
sponsor for the CSE study, worked in close coordination with the NPS and implemented beach
nourishment during 2017-2018 as the preferred method of protection.

BENTHIC ORGANISMS AND ESSENTIAL FISH HABITAT

Benthic Organisms

Benthic organisms (organisms living on, or in, the bottom sediments) are a resource of concern because
they play a foundational role in coastal ecosystems. Since they occupy the base feeding level of the
ecosystem food chain, they also serve as indicators of habitat quality for species that feed on benthic
organisms (such as species of fish and shorebirds). Coastal and offshore bottom habitats near the Seashore
are host to abundant and diverse benthic communities.

Ocean Side Beach

In the study area, coastal benthic habitats on the ocean side consist of substrates located primarily within
the wet beach environment. This habitat is characterized by high wave and tide energy present within this
environment. The wet beach environment is also subject to wet and dry periods corresponding to the local
tides. This is a particularly inhospitable condition for aquatic animals and would be available only to
organisms adapted to the tidal cycle (Rosov et al. 2016). The core intertidal groups of organisms present
within the wet beach environment of the Seashore include polychaetes (bristle worms, a type of
segmented worm) (primarily Scolelepis squamata), bean clams (primarily Donax variabilis), amphipods
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(atype of crustacean) (Order Amphipoda), and mole crabs (Emerita talpoida) (Rosov et al. 2016). These
benthic macro-invertebrates constitute the prey base for surf fish, shorebirds, and other benthic
invertebrates (Greene 2002). Beach invertebrate populations exhibit patchy distributions within the beach
zone with densities in some areas approaching thousands of individuals per square meter (McLachlan
1996). These populations typically follow a seasonal pattern in which they move offshore during the
winter months and reduce their presence in the intertidal and subtidal beach environments (Rosov et al.
2016; Wooldridge et al. 2016).

The current condition of benthic macrofaunal communities at the Seashore is unknown, and the effects of
increased storm events and relative sea-level rise due to climate change or past sediment management
actions at the Seashore are unknown. A two-year study was completed to monitor the recovery of the
benthic community at Nags Head after the 2011 beach nourishment project. The study determined that
within the beach environment, abundance (or numbers) and diversity of benthic invertebrates recovered
within two years so that there was not significant statistical difference between the impact site and the
reference site (CZR Incorporated and CSE 2014). A similar timeline for benthic recovery is supported by
other studies that focused on recovery rates of benthic communities subsequent to impacts (Wilber and
Clark 2007; Baptist et al. 2009; Rosov et al. 2016). It is assumed that communities of benthic organisms
on the beach recovered after these nourishment projects similarly to the recovery documented at Nags
Head; however, no post-nourishment monitoring was completed to confirm this assumption. In addition,
multiple studies indicate that recovery of the benthic community after impacts from beach nourishment is
highly variable and can take from six months to several years (McLachlan 1996; Rakocinski et al. 1996;
Essink 1999; Peterson and Manning 2001; Greene 2002; Speybroeck et al. 2006; Colosio et al. 2007;
Baptist et al. 2009; Wilber et al. 2009; Manning et al. 2014; Rosov et al. 2016; Wooldridge et al. 2016)

Benthic organisms can be affected by settling suspended sediments. Due to the higher energy
environment of the subtidal beach and wet beach swash zone, turbidity (a measure of suspended
sediments) is typically high within these environments. Although no turbidity readings from beaches at
the Seashore are available, one study determined turbidity at a beach on Bogue Banks to vary between
approximately 10 nephelometric turbidity units (NTUs)—which are the standard unit for measuring
turbidity in water— and 40 NTUs (Manning et al. 2013), with background total suspended solids (TSS)
up to a maximum of 34 milligrams/liter (mg/L) (Wilber et al. 2006). The variation in readings at Bogue
Banks was caused by wind speeds with low turbidity occurring during calmer periods and high turbidity
occurring during stronger winds (Manning et al. 2013). For comparison, Wilber et al. (2006) determined
TSS maximum levels at beaches after storm events to be 425 mg/L.8

Sound Side

The sound side has a diversity of habitats not present on the ocean side including tidal marsh, SAV, mud
flats, and oyster reef, as well as habitats similar to the sand and hard bottom habitats present on the ocean
side. Sound side habitats are generally less energetic and therefore more suitable to a diverse community
of benthic organisms. Many benthic invertebrate species present within Pamlico Sound are important to

8 For reference, the World Health Organization (WHO) recommends drinkingwater be 1 NTU or less, although 5
NTUs is acceptable if it can be purified (Fondriest Environmental, Inc. 2014; WHO 2020). As provided in
Chapter 15A of the North Carolina Administrative Code (NCAC), Subchapter 2B, the State of North Carolina
requires non-trout freshwater streamsto be less than orequalto 50 NTUs, and non-trout freshwater lakes to be less
thanorequalto 25 NTUs and troutstreams and lakes to belessthanorequalto 10 NTUs (Osmond et al. 1995;
North Carolina OAH 2014; Fondriest Environmental, Inc. 2014).
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the ecosystem function of species’ estuarine habitats or are valuable fisheries resources. The quality of the
benthic community in the Albemarle-Pamlico Estuarine Complex rated fair using the Southeast Coast
Benthic Index with 65% of the area rated in good condition, 16% of the area rated fair, and 16% of the
area rated poor. None of the fair or poor locations are within the study area, and the Neuse River Estuary
contained most of the sites rated poor. Many of the degraded sites exhibited degraded water and/or
sediment quality (EPA 2006).

Dominant benthic invertebrate species present on the sound side of the Seashore include the eastern
oyster (Crassostrea virginica), blue crab (Callinectes sapidus), bay scallop (Argopecten irradians), hard
clam (Mercenaria mercenaria), Atlantic ribbed mussel (Geukensia demissa), and multiple shrimp species.
These species are important both economically and ecologically to the ecosystems present on the sound
side of the Seashore. Oysters typically attach to hard bottom substrates or structures, often in association
with barnacles and hooked mussels (Ischadium recurvum) (Chesapeake Bay Program 2019). The other
dominant species commonly use SAV and/or tidal marsh at some period during their life cycle. Larval
blue crab generally first settle in areas of complex habitat such as SAV, tidal marsh, and oyster reef where
they become juveniles and begin to migrate to lower salinity waters of upper estuaries and rivers to
mature (NCDEQ 2018). Bay scallops are found primarily in SAV, or more specifically sea grass beds.
Bay scallops use sea grass almost exclusively for initial attachment sites during larval stages, and upon
reaching a length of approximately 1 inch, they drop to the substrate and remain within the sea grass bed
(NCDEQ 2018). Atlantic ribbed mussel inhabits tidal marshes, typically in association with smooth
cordgrass (Spartina alterniflora). The two species exhibit a relationship that is beneficial to both species
but is not required by either to survive (Bertness 1984). Shrimp rely on SAV and tidal marsh for virtually
all life stages (NCDEQ 2018).

Coastal Inlets

The coastal inlet benthic community is similar to the ocean side benthic community present in the wet beach
and subtidal environments. The coastal inlets are particularly important for shrimp species and are
considered a shrimp HAPC (SAFMC 1993). The current condition of the benthic community within the
inlets at the Seashore is unknown, and no studies have been completed to determine the effects of sand
placement in intertidal communities or dredging. Recovery of benthic invertebrates in areas of sand
placement is assumed to have occurred similarly to the results reported for Nags Head in CZR Incorporated
and CSE (2014). A study of inlet dredging effects on the benthic community determined that benthic
recovery depends on the specific hydraulic and sediment transport processes occurring at the inlet (Sanchez-
Moyano et al. 2004). Therefore, the current status of the benthic community within the coastal inlets at the
Seashore, and its potential recovery following sand placement or dredging projects, is unknown.

Offshore Bottom Habitats

When compared with nearshore marine habitats affected by the active wave breaking within the surf zone,
offshore bottom habitats are exposed to lower energy hydraulics (water velocity and force) from waves
and offshore currents at the seabed. Within the potential borrow areas, benthic communities consist of an
array of amphipods, crustaceans, cumaceans (a type of shrimp), echinoderms, gastropods, isopods,
polychaetes, and bivalves (Cerame-Vivas and Gray 1966; Dexter 1969; CZR Incorporated and CSE
2014). Similar to the beach community described above, subtidal seabed invertebrate community
composition and distribution vary greatly due to differences in physical site characteristics and
fluctuations in hydraulics (Greene 2002).
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The current condition of the benthic community within the potential borrow areas has been documented
by previous monitoring of offshore sandy shoals in association with prior beach nourishment projects;
and recovery following dredging was documented in the biological monitoring study completed for the
Nags Head Beach 2011 nourishment project (CZR and CSE 2014). This study conducted pre-impact
sampling at multiple borrow site locations and began post-impact sampling in the fall immediately
following dredging activities. The study determined that the post-dredging benthic community abundance
and diversity at the borrow area sampling locations were similar to or exceeded the pre-dredging control
community for each sampling event, including the fall event immediately following dredging (CZR and
CSE 2014). These results were similar to the recovery reported in other post-dredging studies in recently
dredged borrow areas (Roman-Sierraet al. 2011; BOEM 2013). These studies indicate that benthic
community abundance and diversity recovers in less than two years following dredging. Therefore,
benthic communities impacted by dredging for other beach nourishment projects at the Seashore (e.g.,
Rodanthe-Pea Island NWR and Buxton) are likely to have recovered within a period of six months to
several years.

Essential Fish Habitat

EFH includes all waters and substrates needed for the spawning, breeding, foraging, and growth of species
managed under the Magnuson-Stevens Act. Many of the habitats that are important for benthic organisms
are also considered EFH for managed species under the Magnuson-Stevens Act including soft bottom and
hard bottom (rock outcrops, artificial reefs, and shipwrecks). Additional habitats near the Seashore include
pelagic (water column or open water), shallow coastal waters, and sargassum. Within the category of EFH
are HAPC that exhibit one or more of the following traits: rare, stressed by development, provide important
ecological functions for federally managed species, or are especially vulnerable to anthropogenic (human
impact) degradation. HAPC near the Seashore include sandy shoals (e.g., Diamond Shoals and Wimble
Shoals), hard bottom, sargassum, coastal inlets (e.g., Oregon Inlet and Hatteras Inlet), SAV, tidal marsh, and
nursery and pupping grounds for sandbar shark (NOAA Fisheries 2018). Table 2 provides details on the
habitats managed as EFH within and near the areas of likely sediment management activities or potential
borrow areas at the Seashore.

TABLE 2. ESSENTIAL FISH HABITAT WITHINTHE STUDY AREA

Habitat Species
Pelagic waters Albacore tunat, Atlantic angel shark?, Atlantic
butterfish?, Atlantic sharpnose shark (Atlantic stock)?,
Bluefin tunal, Bluefish3, Common thresher shark?,
Monkfish (eggs, larvae)*, Sailfish!, Sand tiger shark?,
Sargassum?®, Smoothhound shark complex (Atlantic
stock)!, Snapper-grouper®, Spinner shark?, Spiny
dogfish?, Summer flounder (larvae)®, Tiger shark
(adult)t, Wahoo?, Windowpane flounder (larvae)',
Yellowfin tuna!
Shallow coastal Atlantic angel shark®, Atlantic butterfish2, Blacktip shark
(Atlantic stock)?!, Bluefish?, Coastal migratory
pelagicst!, Dusky shark (neonate)!, Sand tiger shark?,
Sandbar shark?, Scalloped hammerhead shark?®, Spinner
shark?®, Tiger shark (juvenile)!
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Habitat Species
Soft bottom Brown shrimp (mud)?2, Clearnose skate!3, Pink shrimp
(mud)?*?, Rock shrimp (sand)*2, Scup, Slipper lobster
(sand)?®®, Spiny lobster (sand)'¢, Summer flounder
(adult)16, White shrimp (sand)'2
SAV Brown shrimp?2, Pink shrimp12, Scup®4, Slipper lobster®s,
Snapper-grouper®, Spiny lobsters, Summer flounder
(adult)t6, White shrimp*?
Hard bottom (rock, epibenthic, | Clearnose skate'3, Coastal migratory pelagics'?, Scup,

coral, shell, gravel) Snapper-grouper®, Spiny dogfish?, Summer flounder
(adult)6

Tidal marsh Brown shrimp??, Pink shrimp?®?, Rock shrimp??, White
shrimp??

Sargassum Coastal migratory pelagics'?, Wahoo®

Sandy shoals (Cape Hatteras Coastal migratory pelagics*!

shoals)

Inlets Dusky shark (neonate)!

Sources: INOAA Fisheries 2017; 2MAFMC and NOAA Fisheries 2011; SMAFMC and ASMFC 1999; 4NEFMC 2016; SSAFMC
2002; 6SAFMC 1983; TMAFMC 2014; 8MAFMC 1987; SSAFMC 2003; 10NEFMC 2016; 11SAFMC 1998; 12SAFMC 1993;
BNEFMC 2016; 1“MAFMC 1996; 15SCFMC 1981; 16MAFMC 1987

HAPCs can be specific locations, or they can include habitats found in many locations (NOAA Fisheries
2018). HAPCs are managed under the regional fishery management councils (Councils) and do not
convey additional restrictions or protections on an area — they simply focus increased scrutiny, study, or
mitigation planning compared to surrounding areas because they represent high priority areas for
conservation, management, or research and are necessary for healthy ecosystems and sustainable fisheries
(NOAA Fisheries 2018). HAPCs located in or adjacent to the Seashore are provided in table 3.

TABLE 3. EFH-HAPCs WITHIN OR ADJACENT TO THE STUDY AREA

Species or Fishery Habitat or Location
Penaeid shrimp Coastal inlets; tidal marshes
Snapper-Grouper Coastal inlets; medium- to high-profile offshore hard bottoms where

spawning normally occurs; nearshore hardbottom areas; sandy shoals
of Cape Hatteras; SAV

Sargassum Benthic and pelagic, wherever found
Sandbar shark Nursery and pupping grounds
Coastal migratory pelagics Sandy shoals of Cape Hatteras
Summer flounder SAV; tidal marshes

Source: NMFS 2020a

EFH and HAPCs present near the Seashore on the ocean side include shallow coastal and pelagic waters
(i.e., water column), soft (mud and sand) bottom, (nearshore) hard bottom (including artificial reefs),
sargassum, and Cape Hatteras sandy shoals. Sound side EFH and HAPCs include estuarine water column,
soft bottom, SAV, tidal marshes, intertidal flats, and a few areas of hard bottom consisting of oyster reefs,
artificial reefs, and shipwrecks (NCDEQ 2019a). EFH and HAPCs present at the inlets include water
column, soft bottom, and coastal inlet. Descriptions of these habitats are provided below.
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Water Column (Pelagic and Shallow Coastal EFH)

The water column is present throughout the study area and includes shallow coastal (nearshore) and
pelagic (offshore) habitats on both the ocean and sound side of the Seashore. It connects all marine and
estuarine habitats within the study area and provides a corridor through which fish and other marine
species travel between habitats. It is particularly important for species that occupy different habitats
during different life stages (NCDEQ 2016). The marine water column is EFH for many species and life
stages managed under the Magnuson-Stevens Act. Specifically, the marine water column is a broad EFH
that includes ocean high-salinity surf zone and barrier island ocean-side waters, from surf to shelf break
zone and from Gulf Stream shoreward, for coastal migratory pelagics (SAFMC 1998); and it provides
additional pelagic EFH for Atlantic highly migratory species (NOAA Fisheries 2017), snapper-grouper
complex (SAFMC 1983), and shrimp (SAFMC 1993), as well as many other managed species. Cape
Hatteras Point is located where marine currents from the north and the south collide, generating offshore
mixing zones that, combined with the varied winds and shifting bottom topography characteristic of Cape
Hatteras shoals, cause nutrient-rich upwelling. This upwelling supports a large diversity of larval to adult
stages of managed fish species, and the currents concentrate pelagic fauna and flora, from the temperate
biogeographic region to the north and tropical to sub-tropical biogeographic region to the south
(Cerame-Vivas and Gray 1966; Briggs and Bowen 2012).

The condition of the water column is typically described by physical and chemical properties and is
dependent on the number of monitoring agents; monitoring site location and distribution; frequency of
sampling events; and parameters measured, making comprehensive water quality assessments difficult.
Currently the Tar-Pamlico Basin and the Neuse Basin, both of which drain into Pamlico Sound, are
classified by the North Carolina Department of Environmental Quality (NCDEQ) as nutrient sensitive
waters (NSW). Nutrient sensitive waters are subject to wastewater discharge limitations and more
stringent nutrient management policies to reduce their nutrient loads. The Tar-Pamlico River Basin has
reduced total nitrogen by 30% since it was classified as NSW in 1989, although total phosphorus has not
increased during that time. Data for the Neuse River Basin indicated total nitrogen and total phosphorus
fluctuate annually based on flow, and the water quality does not always fall below the total maximum
daily load targets for these nutrients (NCDEQ 2016). The condition of the water column on the ocean side
of the Seashore has not been characterized by water quality sampling or monitoring.

Soft Bottom (Sand and Mud Bottom)

Soft bottom habitat within the study area consists of soft marine sediments inhabited by a diverse
assemblage of invertebrates upon which fish living close to the substrate (demersal) forage. Soft bottom
habitats at the Seashore include sandy and mud bottom areas in the sound without vegetation or structure,
sand bars on the sound side, intertidal and subtidal areas of the beach, and borrow areas where dredging
would occur. Typically, the sediments in this habitat are very mobile in response to wave and current
conditions and lack stable surfaces for extensive vegetation or animal attachment. Changes in type or
amount of sediment supply, energy of waves and currents, and water quality chemistry drive the
biodiversity within this EFH. The offshore component of this EFH is typically more taxa rich than the
surf zone and nearshore components because of differences in sediment transport forces and the dynamics
of breaking waves in the surf zone (CZR and CSE 2015b). Marine EFH of this type is found both within
the study area and the potential borrow areas.
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Soft bottom habitat is fairly resistant to changing environmental variables and is the most abundant
submerged coastal fish habitat. Although mapping of soft bottom habitats has not been completed in
North Carolina due to shifting sediments, they have most likely increased in size as hard bottom, shell
bottom, SAV, and wetland habitats have declined (NCDEQ 2016). The condition of soft bottom habitat is
usually characterized by contaminant concentration in the sediment. Studies conducted in the sounds and
major rivers of North Carolina have indicated that most contaminants are concentrated in the rivers,
particularly the Neuse and Pamlico, and the Pamlico Sound has low levels of sediment contaminants
(NCDEQ 2016). Recreational beaches are regularly tested for bacterial contamination, although levels for
other toxins are not determined. Since 2015, one alert and no advisories have been issued for beaches at
the Seashore (NCDENR 2020).

Hard Bottom

Hard bottom habitat, often referred to as “live bottom,” includes areas of exposed rock, relic reef, and
shipwrecks or artificial reef. Studies of hard bottom areas on the continental shelf from North Carolina to
northern Florida identified three hardbottom habitat types:
1) Emergent hardbottom dominated by sponges and gorgonian corals;
2) Sand bottom underlain by hard substrate dominated by anthozoans, sponges, and polychaetes,
with some hydroids, bryozoans, and ascidians; and
3) Softer bottom areas not underlain with hardbottom (SAFMC 2018; NCDEQ 2016; NMFS 1984a).

Hard bottom provides refugia (or protective cover) for many fish and invertebrate species and increases
surface relief and irregularity, providing additional surface area for colonization by macroalgae and sessile
(attached to the substrate) species. These habitats are usually colonized to some extent by algae, sponges,
soft and hard corals, and other sessile invertebrates (SAFMC 1998; SAFMC 2018). The structural
complexity of the rock or reef increases the abundance and diversity of fish and invertebrates occupying the
habitat (Carr and Hixon 1997). Nearshore and inner shelf hard bottom areas serve as settlement and nursery
habitat for early life history stages for many managed fisheries species (SAFMC 2018). Species within the
snapper-grouper complex commonly use hard bottom for refuge and spawning (SAFMC 1983).

Figure 21 in appendix A provides a map of hard bottom resources compiled from the results of several
habitat surveys conducted along the North Carolina coast (NCDEQ 2019a). Although little information
exists on the status of hard bottom habitat in North Carolina waters (Udouj 2007; NCDEQ 2016), the
South Atlantic Fishery Management Council (SAFMC) considered nearshore hard bottom habitat to be
generally in good condition in 1998 (SAFMC 1998). However, anecdotal information from fishermen in
coastal North Carolina indicate that several nearshore hard bottom sites are now covered by sand,
reducing the abundance of fish in these areas. For example, hard bottom habitat near Wrightsville beach
has been buried under 2—6 in of sand through erosion from nourished beaches (NCDEQ 2016).

Cape Hatteras Shoals

Cape Hatteras shoals are EFH for many managed species and fisheries, and the shoals are HAPC for coastal
migratory pelagics and the snapper-grouper complex (SAFMC 1983; SAFMC 1998). Diamond Shoals
encompass over 15,000 acres of shoal habitat. It is fed by sand from adjacent beaches and it maintains an
underwater extension of the coastline (CZR and CSE 2015b). The shoals, particularly Diamond Shaals,
were formed by the confluence of the Labrador Current and the Gulf Stream. Due to the intersecting
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currents, upwelling of nutrients occurs at the shoals providing a highly productive environment for fish and
other species. The current condition of the shoals is unknown because they are continuously moving and
unstable. However, they remain highly productive environments for numerous fish species.

Sargassum

Sargassum is pelagic brown algae concentrated as small patches, large rafts, or lines, and it typically occurs
where water masses converge in the coastal ocean (e.g., tide lines near coastal inlets or the intersections of
oceanic currents). The largest concentrations of Sargassum are found in the Sargasso Sea and on the OCS of
the South Atlantic (NCDEQ 2016). The most common species in coastal North Carolina near the study
areas and potential borrow areas are Sargassum natans (floating), S. fluitans (floating), and S. filipendula
(benthic). Pelagic Sargassum supports a diverse community of marine organisms, including at least 145
species of invertebrates, 100 species of fish, 4 species of marine turtles, and numerous marine birds
(SAFMC 1998). Pelagic adult fish (e.g., dolphin [Coryphaena hippurus] and Atlantic sailfish [Istiophorus
albicans]) feed on the small prey living in and around floating masses of Sargassum. In the Gulf Stream off
North Carolina, a higher diversity of species living in and around Sargassum mats has been documented
relative to unvegetated open water habitat (Casazza and Ross 2008).

The SAFMC considers the Sargassum as both EFH and as a managed species under the Magnuson-Stevens
Act (SAFMC 2002). Sargassum is designated EFH and/or HAPC for snapper-grouper complex and coastal
migratory pelagics (SAFMC 1983; SAFMC 1998). The Sargasso Sea is also known to be the spawning
grounds for all American and European eels (Munk et al. 2010). It is a major source of biological
productivity in nutrient-poor regions of the ocean; however, unregulated commercial harvest of Sargassum
has prompted concerns over the potential loss of this important resource (CZR and CSE 2015b).

Studies conducted to characterize the condition of existing Sargassum communities off the shore of North
Carolina indicate that the abundance and distribution of Sargassum is highly variable and dependent upon
the Gulf Stream; but the population has persisted continuously for at least decades and probably for a
period of thousands of years (Butler and Stoner 1983; Casazza and Ross 2008). However, unregulated
commercial harvest of Sargassum has prompted concerns over the potential loss of this important
resource (SAFMC 2002). In addition, Sargassum continues to be an important habitat for numerous fish,
invertebrates, and sea turtle species. Recently, concerns have been raised that floating plastic, which
collects in Sargassum beds, may be degrading the value of the habitat (Law et al. 2010), and plastic trash
is commonly ingested by sea turtles (Wabnitz and Nichols 2010). The effect of trash on the value of
Sargassum habitat has not been fully determined.

Coastal Inlets

Coastal inlets in the Seashore are HAPC for the snapper-grouper complex and penaeid shrimp complex.
Inlets present within or near the study areas include Oregon Inlet and Hatteras Inlet. The coastal inlet
HAPC includes both the throat of the inlet as well as its associated delta complexes. These deltas typically
include flood tidal shoals created by water moving landward through the inlet and ebb tidal shoals formed
as water moves seaward through the inlet (SAFMC 2016). Sand may be placed within the inlets for beach
nourishment or shorebird habitat restoration; and although the channels would not be used as borrow
areas, material generated during maintenance dredging may be used for beneficial purposes.
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Coastal inlets naturally migrate in the downcoast direction according to net nearshore sediment transport
direction. They are also subject to strong tidal flows, wave action, undertows, and other forces that actto
erode or accrete the land forming the border of the inlet. The inlets at the Seashore include Oregon Inlet,
Hatteras Inlet, and Ocracoke Inlet, although Hatteras and Ocracoke Inlets are not technically a part of the
Seashore. Between 1846 and 1989, Oregon Inlet migrated approximately 2.2 miles south resulting in
NCDOT’s construction of a terminal groin to stabilize the southern shoulder of the inlet and protect the
Bonner Bridge (Joyner et al. 1999). Extensive monitoring of the hydraulic and sedimentation dynamics of the
channel has occurred since the construction of the groin, but little study of the biological effects of the groin
on the channel has been completed. Currently, the channel appears to be stable, and no degradation of the
inlet habitat has been observed. At Hatteras Inlet, the Hatteras Island spit forming the northern shoulder of the
inlet has eroded significantly over the last 10 years. Based on available aerial photography, the spit has lost
approximately 4,300 ft from 2009 to 2019. The erosion of the Hatteras spit has created a wide flood tidal
delta on the sound side of the island providing additional habitat for species that use inlets. The current health
of the inlet is unknown, but no degradation of the habitat is apparent.

SAV

SAV is characterized by plants that are rooted in the substrate and generally remain under the surface of
the water during all tidal stages. SAV includes sea grasses which are generally found in marine or high
salinity estuarine habitats and submerged vascular plant beds located in freshwater or low salinity
estuarine habitats. In the South Atlantic Region, SAV is primarily located in Florida and North Carolina.
It is designated as EFH for penaeid shrimp, spiny lobster, and snapper-grouper complex; and it isa HAPC
for the snapper-grouper complex. At the Seashore, SAV isa dominant feature along the sound side of the
islands beyond the tidal marshes. It is critically important to numerous state- and federally managed
species and their prey (NCDEQ 2016). SAV provide food and shelter for multiple species resulting in a
complex and dynamic system that provides nursery habitat for many organisms important to the overall
system ecology; commercial and recreational fisheries; and other species including shellfish, manatees,
and sea turtles. The three dominant SAV species found in North Carolina are shoalgrass (Halodule
wrightii), eelgrass (Zostera marina), and widgeon grass (Ruppia maritima) (see figure 27 in appendix A).
There is a large SAV concentration in eastern Pamlico Sound, adjacent to areas of potential sediment
management activities at the Seashore (SAFMC 1998; SAFMC 2013). The northernmost occurrence of
shoalgrass, which is a subtropical species, is in Oregon Inlet between the Pea Island NWR portion of the
Seashore and Bodie Island.

Natural events, human activities, and climate change influence the distribution and quality of SAV
habitat. Natural events may include drought or excessive rainfall, storm events, varying temperatures, or
disease which may trigger shifts in salinity, light availability, or water quality. Human activities can
impact SAV through physical disturbance, alteration of habitat, or water quality degradation (SAFMC
2013). These activities may include dredging, propeller scarring, bottom-disturbing fishing activities, and
shoreline alteration. SAV is also vulnerable to increases in suspended sediments and eutrophication due to
its need for high levels of light transmission through clear water (SAFMC 1998; SAFMC 2013). The
majority of SAV in North Carolina is located on the sound side of the Outer Banks (NCDEQ 2016).
There were considerable losses of SAV in North Carolina up until the 1980s when conservation measures
enacted at the local, state, and federal level helped slow or reverse these declines in some areas (NCDEQ
2016). The North Carolina Division of Marine Fisheries (NCDMF) maintains an inventory of SAV
mapping on the coast, and the results of SAV surveys on the sound side of the Seashore indicate that there
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has not been a large change in seagrass coverage since the 1980s (see figure 27 in appendix A)
(SAFMC 2013; NCDEQ 2016).

The NCDCM oversees the management and permitting of projects within SAV. Although development
within SAV is not strictly prohibited, it requires a CAMA permit. The activities in SAV regulated by
CAMA include, but are not limited to, channel or basin dredging; structures over or within (e.g., bridges and
docks); placement of fill material including dredge spoil and beach nourishment; and disturbance, such as
clam raking or trawling to harvest benthic or fish species. As provided in Chapter 15A NCAC, Subchapter
7H, to qualify for a permit, the project needs to be designed and located to cause the least possible damage
to the productivity and integrity of SAV. It also must not significantly increase siltation or erosion that may
smother or block sunlight from SAV (North Carolina OAH 2016, 2012, 2006, 1998; NCDCM 2014).

Tidal Marshes

Tidal marshes are transitional zones between the land and water along intertidal estuarine shorelines.
They are present along the entire sound side of the Seashore, and the Albemarle-Pamlico Sound is the
estuarine drainage area along the southeast Atlantic coast with the largest areal coverage of marsh habitat.
Tidal marshes at the Seashore are generally high-salinity salt marshes. Although marsh elevations at the
Seashore are not known, these salt marshes are divided into two zones: low marsh and high marsh
(SAFMC 2009a). Low marsh is regularly inundated during the normal tidal cycle. The species
composition is limited due to high salinity and regular tidal inundation. Smooth cordgrass (Spartina
alterniflora) is the primary plant species found within low marsh at the Seashore, with smaller amounts of
needlerush (Juncus roemerianus). High marsh is typically above the normal tide line and is inundated
only during spring or storm tides. Species common to high marsh at the Seashore include saltmeadow
cordgrass (S. patens), big cordgrass (S. cynosuroides), needlerush, sawgrass (Cladium jamaicense), and
southern cattail (Typha angustifolia) (NCDEQ 2016).

Tidal marshes provide diverse functions for fish species including forage and refuge. Itis estimated that
over 95% of the finfish and shellfish species harvested commercially inthe US are dependent on wetlands.
These organisms use the marsh structure including stems of emergent vascular plants, macroalgae, substrate
materials such as shells and sediments, attached oysters and mussels, and accumulated woody flotsam.
Many species feed directly on the vegetation, especially decapods and gastropods. Some species are not
found within the marsh but derive substantial food resources from marsh plants as detritus. Also, the
protection afforded by the stem structure and intertidal water levels provides spawning habitat for fish
species, such as Killifish, atherinids, and gobiids (SAFMC 2009a). The Seashore completed a vegetation
community mapping study in 2014, with an update in 2018 (NPS 2014, 2018f). Five types of salt or
brackish tidal marsh were identified totaling 2,635.1 acres. The same results were provided in the 2018
update. The study also identified 41 acres (or 1.5%) of marsh within the Seashore in which monocultures of
the invasive exotic common reed (Phragmites australis) was present (NPS 2014, 2018f), and the NPS
reported that approximately 800 acres of brackish tidal marsh had been impacted by common reed invasion
(NPS 2016a). Common reed has been spread primarily by human activities that cause disturbance of tidal
marshes such as pollution, sedimentation, changes in hydrologic regimes, and changes in salinity
(Saltonstall 2002). In 2012 and 2013, the NPS began treating isolated patches of common reed with aquatic-
safe herbicide to prevent spreading and the creation of monoculture conditions. Treatments occur during
summer and early fall months when plants are actively growing (NPS 2016a).
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Tidal marshes are considered wetlands by the NPS. As such, activities conducted or approved by the NPS
would comply with Director’s Order #77-1: Wetland Protection and the NPS Procedural Manual #77-1.:
Wetland Protection.

Potential Threats to EFH and HAPC

Potential threats that may affect EFH and HAPC at the Seashore include similar inland and water-based
sources of impact, and threats are present both on beaches and in offshore waters. In water and on land
threats to EFH/HAPC in the South Atlantic Region are detailed by the South Atlantic Fisheries
Management Commission in the Fishery Ecosystem Plan of the South Atlantic Region, Volume IV:
Threats and Recommendations, pages 1 to 143 (SAFMC 2009b), which is incorporated herein by
reference. The plan is available at https://safmc.net/wp-content/uploads/2017/07/\VollV-Intro-and-Non-
Fishing-impacts.pdf.

Potential threats include aguaculture; residential and commercial development; transportation projects
and navigation support activities; nuisance/exotic species introduction; offshore sand mining and beach
fill; and natural catastrophes and climate change. Aquaculture impacts EFH with the installation of
pens, nets, and other containment devices; and operation of aquaculture projects introduces waste
products, toxic chemicals, and exotic organisms into EFH. Residential and commercial development
impact EFH by converting wetlands to upland; direct and non-point source discharge in streams, rivers,
and estuaries; and hydrologic modifications. Threats from transportation projects include fragmentation
of EFH, stormwater discharges and increased runoff, and shading of habitat from bridges. Navigation
support activities that impact EFH include excavation and maintenance of channels, construction and
operation of ports and mooring facilities, construction and operation of ship repair facilities, and
construction of channel stabilization structures including jetties and revetments. Exotic species or
nuisance species threaten EFH by consuming native populations, outcompeting native species for
resources, or replacing prey species with an inedible food source. Sand mining and beach fill can
remove habitats, increase turbidity, and bury habitats. Coastal and inland storms can cause severe
habitat erosion, burial of habitat and organisms by sediment deposition, creation of strong currents that
alter habitats and remove biota, and damage by wind and waves.

SEA TURTLES

The Seashore contains ecologically important habitats for federally listed sea turtles. Sea turtles nest
annually from May to October at the Seashore and occur within the waters adjacent to the Seashore on the
ocean side, sound side, and within the inlets. The species found at the Seashore include the loggerhead sea
turtle (Caretta caretta), green sea turtle (Chelonia mydas), Kemp’sridley sea turtle (Lepidochelys
kempii), leatherback sea turtle (Dermochelys coriacea), and the hawksbill sea turtle (Eretmochelys
imbricata) (NPS 2019d). Non-breeding sea turtles of all five species can be found within the waters near
the Seashore for much of the year (Epperly et al. 1995), and the Seashore is near the northern extent of the
nesting ranges for the loggerhead, green, Kemp’sridley, and leatherback sea turtles. Hawksbill sea turtles
are only known through strandings or very rare nesting activity.
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Loggerhead Sea Turtle

The loggerhead sea turtle was initially listed as threatened throughout its range under the ESA in 1978.
Since that time, nine DPS have been identified, based on genetic, physical, or behavioral discreteness,
population uniqueness, and conservation status (NMFS and FWS 1996; FWS 2017). The Northwest
Atlantic DPS, which uses both nesting and offshore habitats in and near the Seashore, is federally listed as
threatened. The International Union for Conservation of Nature (IUCN) lists the loggerhead as vulnerable
due to the continuing decline in the extent and quality of habitat (Casale and Tucker 2017). Loggerhead
sea turtles are also listed as state special concern species in North Carolina.

Critical habitat designated for the North Atlantic DPS occurs in coastal North Carolina offshore of the
Seashore. The ESA defines critical habitat as specific areas occupied by the species at the time it is listed,
which contain physical or biological features essential to the conservation of the species and which may
require special management considerations or protection. It may also include areas outside the
geographical range of the species at the time it is listed upon a determination by the Secretary that such
areas are essential for the conservation of the species (16 USC 1532(5)(A) 1973). The critical habitat at
the Seashore is constricted migratory habitat, which is identified as a physical and biological feature that
is essential to the conservation of the loggerhead sea turtle. As provided in 79 FR 39755, a constricted
migratory corridor is described as a high-use corridor that is constricted, i.e., limited by width, by land on
one side and the edge of the continental shelf and Gulf Stream on the other side. The primary constituent
elements that support the habitat include the following:

m  Constricted continental shelf area relative to nearby continental shelf waters that concentrate

migratory pathways; and
®  Passage conditions to allow for migration to and from nesting, breeding, and/or foraging areas.

Constricted migratory habitat extends north to south along the entire length of the Seashore and east to
west from the Atlantic shoreline of the Seashore to the outer edge of the continental shelf. Dredging for
beach nourishment would occur within this habitat.

Juvenile and adult loggerheads occur year-round in the shallow continental shelf waters off the coast of
the Seashore. Pamlico Sound is regularly used by juvenile loggerheads for refuge and forage, but these
areas are only occasionally used by adults. The loggerhead diet consists primarily of benthic
invertebrates, particularly hard-shelled organisms such as mollusks and crabs. Habitats within or near the
Seashore frequented by loggerheads include sandy shoals, hard bottom, and sea grass beds (NMFS and
FWS 2008).

At the Seashore, loggerheads typically nest on sandy, wide, open beaches, backed by low dunes, along the
Atlantic coast (ocean side). Factors that determine nest site selection include beach slope, temperature,
distance to ocean, sand type, and moisture, although there are occasional inconsistencies in site choice. The
process of nest site selection is not well understood, but successful nests are located in low salinity, high
humidity, well-ventilated substrates, where temperatures are optimal for development. Also, females tend to
place nests in areas with low risk of flooding or burying due to tides and storms (Miller et al. 2003). Nesting
season at the Seashore is typically from May to October, peaking in June and July, and eggs incubate for
approximately 45 to 65 days. Loggerheads are known to lay between 1 and 7 nests per season,
approximately 14 days apart over an interval of 2 to 3 years between migrations to nesting beaches.
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Table 4 provides nest and false crawl numbers for sea turtle species at the Seashore (excluding the Pea
Island NWR portion of the Seashore) from 2014 to 2019. Recorded loggerhead sea turtle nests averaged
around 221 nests per year witha low of 122 nests in 2014 and a high of 437 nests in 2019. Recorded false
crawls were somewhat lower than successful nests for each year, and the pattern fromyear to year mirrored
the nest numbers (NPS 2017j, 2017k, 2017c, 2018d, 2019d). False crawls occur when a female sea turtle
crawls onto the beach to nest but crawls back to the water without digging a nest and laying eggs (USACE
1988b). Although the causes of false crawls are not fully understood, they are generally attributed to
unsatisfactory nesting conditions on the beach including sand compaction, unnatural sediment grain size
distribution, unnatural beach profiles, or the presence of artificial light or obstacles such as escarpments
(USACE 1988b; Nelson and Blihovde 1998; Ernest and Martin 1999).
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TABLE 4. NESTING AND FALSE CRAWL TRENDS FOR SEA TURTLES MONITORED AT CAPE HATTERAS NATIONAL SEASHORE

2014 2014 2015 2015 2016 2016 2017 2017 2018 2018 2019 2019
Total | False | Total False Total False Total False | Total False | Total False
Sea Turtle Species | Nests | Crawls | Nests | Crawls | Nests | Crawls | Nests | Crawls | Nests | Crawls | Nests | Crawls
Loggerhead 122 103 277 238 313 300 240 208 155 135 440 405
Green 2 1 10 3 11 9 10 9 5 1 32 12
Kemp’s Ridley 0 0 0 0 1 1 0 0 6 1
Leatherback 0 0 0 0 0 0 0 0 0 0
Hawksbill 0 0 2 0 0 0 0 0 0 0
Unknown - - - - - - - - - - 0 1
Totals 124 104 289 241 325 310 250 217 166 137 473 418

Source: NPS 2017c, 2017j, 2017k, 2018d, 2019b; Seaturtle.org 2020

TABLES. NESTING ACTIVITY AND HATCHLING EMERGENCE FOR ALL SEA TURTLE SPECIES NESTING AT CAPE HATTERAS NATIONAL SEASHORE FROM 2014 10 2019

Mean
Mean Incubation Mean Mean
False Relocated Total Eggs Emerged Clutch Time Hatch Emergence

Year Nests Crawls Nests? Eggs Hatched | Hatchlings| Count (days) Success? Success®
2014 124 104 (45.6%) | 33(26.6%) | 12474 6988 6172 105.3 62.2 50.6% 44.6%
2015 289 242 (45.6%) | 56 (19.3%) | 30168 18644 15960 116.5 56.9 56.6% 48.7%
2016 325 329 (50.3%) | 85(26.1%) | 34122 23541 20380 118.6 53.6 62.3% 53.9%
2017 250 219 (46.7%) | 72 (28.8%) 27313 17531 15365 112.8 59.5 60.2% 53.1%
2018 166 137 (45.2%) | 61(36.7%) | 16282 10390 9062 108.1 57.8 58.5% 51.0%
2019 473 418 (46.9%) | 128 (27.0%) | 50716 33733 28093 116.8 55.4 60.5% 50.4%

Source: NPS 2017c, 2017j, 2017k, 2018d, 2019b; Seaturtle.org 2020

1 Number of relocated nests (percentage of total nests)

2 Average of hatching success (percentage of eggs in a nest that produce hatchlings)

3 Average of emergence success (total number of hatchlings that emerged unaided from the nest cavity relative to the total number of eggs in the nest)
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At the Seashore, threats to loggerhead populations are loss or degradation of nesting habitats, increased
human presence, nest depredation, relative sea-level rise, and incidental capture in nets or longline
fisheries (NMFS and FWS 2008). Lighting associated with development has had substantial impacts on
hatchling dispersal and may cause disorientation, elevating depredation risk due to increased exposure
time. The recovery plan for the Northwest Atlantic population identifies minimizing nest predation as an
objective for the recovery of loggerheads (NMFS and FWS 2008). In its most recent five-year review, the
FWS did not recommend delisting or reclassifying the species (NMFS and FWS 2007a).

Green Sea Turtle

Green sea turtles occurring at the Seashore belong to the North Atlantic DPS, and this DPS is federally
threatened (NOAA Fisheries 2019). The IUCN lists green turtles as endangered due to extensive
subpopulation declines in all major ocean basins over the last 60 years (Seminoff 2004). The green sea
turtle is listed as threatened by the State of North Carolina.

Both adult and juvenile green sea turtles occur in waters off the Atlantic coast (NMFS and FWS 2007b), and
regularly nest at the Seashore (NPS 2019d). Green sea turtles primarily occur inthree habitats: high-energy
oceanic beaches, convergence zones in the pelagic habitat, and benthic feeding grounds in relatively
shallow, protected waters. Common foraging habitats include sea grass, algae, or other SAV, butgreen
turtles also frequent coral reefs, worm reefs, and hard bottom habitats. The diet of juvenile green turtles
while in pelagic, oceanic habitats is poorly understood, but once juveniles shift to benthic feeding grounds,
they are herbivorous. The adult diet primarily consists of sea grasses and algae, or other SAV.

Nesting at the Seashore occurs primarily from June through October. Females nest at night, and eggs
incubate for approximately 45 to 70 days depending on incubation temperatures. Females deposit between 1
to 9 clutches in a nesting season with an average of around 3.3 nests. The interval between nesting events
within a season varies with an average of 13 days, and intervals between migrations to nesting areas range
from 2 to 4 years (NMFS and FWS 1991; NOAA Fisheries 2019; FWS 2017). Documented green sea turtle
nests at the Seashore averaged around 8 nests per year with a low of 2 nests in 2014 and a high of 31 nests in
2019, see table 4. False crawls ranged from 1 (in 2014 and 2018) to 12 in 2019, and numbers increased or
decreased in proportion to nesting numbers (NPS 2017j, 2017k, 2017c, 2018d, 2019d).

In the US, threats to this species include loss or degradation of nesting habitat, depredation of eggs and
hatchlings, entrapment or entrainment in net fisheries, and the disease fibropapillomatosis (NMFS and FWS
2007b; FWS 2017). Recovery criteria are outlined in the green sea turtle recovery plan (see NMFS and FWS
1991, 2007b), and the North Atlantic DPS was downlisted from endangered to threatened in 2016.

Kemp’s Ridley Sea Turtle

The Kemp’sridley seaturtle is federally endangered and is listed as critically endangered by the IUCN
due to steep populations declines after 1945 (Wibbels and Bevan 2019; NMFS and FWS 2015). It is also
listed as endangered in North Carolina.

The Kemp’sridley sea turtle has one of the most restricted distributions of any sea turtle species, and its
range includes the Gulf coast of Mexico and the US, and the Atlantic coast of North America as far north as
Nova Scotia and Newfoundland (FWS 2017). Adultturtles are thought to primarily inhabit the Gulf of
Mexico, while juveniles and subadults also regularly occur in shallow, coastal habitats along the eastern
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seaboard of the US. Pamlico Sound is a key developmental habitat for juvenile Kemp’s ridleys along the
Atlantic coast (NMFS and FWS 2015). Northern juveniles tend to migrate south in November to gather in
wintering areas on the continental shelf offshore of Cape Hatteras Point indicating that Atlantic waters near
the Seashore are an important wintering habitat for Kemp’s ridleys (Epperly et al. 1995).

In the US, most nesting takes place in Texas (FWS 2017), but infrequent nesting has been documented at
the Seashore (NPS 2019d). Nesting occurs primarily from April to July, and usually occurs during the
day. Adult females lay an average of 2.5 clutches within a season with an interval of 14 to 28 days
between deposition of clutches within the same season. Eggs incubate for approximately 45 to 58 days
before hatching. The average migration interval for adult females is two years, although intervals of one
and three years are common (FWS 2017). Kemp’sridley sea turtles rarely nest at the Seashore. As
detailed in table 4, only one nest and one false crawl were documented from 2014 to 2017, both in 2016;
however, in 2018, six Kemp’sridley sea turtle nests (a record number) and one false crawl were
documented at the Seashore. In 2019, no Kemp’s ridleys nested at the Seashore (NPS 2017j, 2017k,
2017c, 2018d, 2019d). The reason for the increase in 2018 is unclear, although overcrowding at historical
nesting beaches has been proposed as a cause (NPS 2019d).

Kemp’s ridley populations are threatened by the public harvesting of eggs from nests, accidental capture in
fishery trawls, loss or degradation of nesting habitat, and relative sea-level rise (NMFS and FWS 2015). Nest
depredation by mammals and ghost crabs poses a serious threat to marine turtle populations at the Seashore
(NPS 2019d). In its most recent five-year review, the FWS notes that the population is not projected to grow
at former rates. Downlisting criteriaas detailed in the species recovery plan (NMFS, FWS, and SEMARNAT
2011) are unlikely to be attained by 2024, unless survival rates improve (NMFS and FWS 2015).

Leatherback Sea Turtle

Leatherback sea turtles are listed as federally endangered across their range and as “vulnerable” by the
IUCN due to an overall global population decline (Wallace et al. 2013). They are also listed as endangered
by the State of North Carolina. Atthe Seashore, leatherback sea turtles occur offshore in waters of the
Atlantic, and their presence is documented primarily from strandings and rarely from nesting (NPS 2017j,
2017k, 2017c, 2018d, 2019d). Sea turtle relocations, which occurred in association with the 2017 Dare
County beach nourishment project, indicated a similar pattern. Relocations were completed using a trawler
modified to safely capture sea turtles present in the path of dredges mining nourishment sand. A total of 74
sea turtles were relocated, ten of which were leatherbacks (Coastwise Consulting, Inc. 2017). This isa much
larger proportion of the sea turtle community than is indicated by nesting data.

Leatherbacks spend most of their lives at sea in the pelagic habitats of the open ocean and within offshore
sargassum communities, but they are also found in coastal areas when breeding, nesting, or foraging on
seasonally abundant jellyfish populations (NMFS and FWS 1992). During the period from 2014 to 2019,
no leatherback sea turtle nests or false crawls were documented at the Seashore, see table 4 (NPS 2017j,
2017k, 2017c, 2018d, 2019d).

Threats to leatherbacks are loss or degradation of nesting habitat and nest depredation. At the Seashore,

raccoons and ghost crabs are primary nest predators in the area (NPS 2019d). Hatchlings are also subject to
depredation, and misorientation can greatly increase their exposure to predators (NMFS and FWS 1992).

55 Affected Environment



CAPE HATTERAS NATIONAL SEASHORE
SEDIMENT MANAGEMENT FRAMEWORK
DRAFT ENVIRONMENTAL IMPACT STATEMENT
SEPTEMBER 2020

Hawksbhill Sea Turtle

Hawksbill sea turtles are listed as federally endangered throughout their range and as critically endangered
by the IUCN due to continued population decline (Mortimer and Donnelly 2008). They are also listed as
endangered by the State of North Carolina. At the Seashore, hawksbill sea turtles occur rarely, and their
presence is documented primarily from strandings and very rare nesting events (NPS 2017j, 2017k, 2017c,
2018d, 2019d).

Hawksbills occur in tropical and subtropical waters, and the Seashore is the northern extent of their range.
They typically inhabit coral reefs where they forage on sponges, coral, sea anemones, and other organisms
that require hard substrate for attachment. They nest at night on sandy beaches, primarily from April
through October, and eggs incubate for 45to 65 days. Females lay an average of 4.5 clutches during a
nesting season, with an inter-nesting interval of 14 days. The interval between nesting migrations is
typically two to three years (FWS 2017). Hawksbill nesting in the continental US has only been documented
in Florida and North Carolina (at the Seashore). At the Seashore, two nests were recorded in 2015. Both
nests were originally identified as loggerhead nests due to the similarity of the two species’ tracks, but they
were determined to be hawkshill nests after DNA testing of the eggshells. Hawksbill nesting and false crawl
data are provided in table 4 (NPS 2017}, 2017k, 2017c, 2018d, 2019d; FWS 2017).

Threats to hawkbills are loss or degradation of nesting habitat and nest depredation. At the Seashore,
raccoons and ghost crabs are primary nest predators in the area (NPS 2019d). Hatchlings are also subject to
depredation, and misorientation can greatly increase their exposure to predators (NMFS and FWS 1992).

Sea Turtle Monitoring and Management

The NPS has monitored its beaches at the Seashore for sea turtle nests since 1987. Standard protocols for
sea turtle monitoring and management at the Seashore follow management guidelines defined by the
NCWRC in the Handbook for Sea Turtle Volunteers in North Carolina (Handbook) (NCWRC 2006), US
Fish & Wildlife Service species recovery plans (NMFS and FWS 1991, 1992, 1993, 2008; NMFS, FWS,
and SEMARNAT 2011), and the Cape Hatteras National Seashore Off-Road Vehicle Management
Plan/Environmental Impact Statement, as amended by the Review and Adjustment of Wildlife Protection
Buffers Environmental Assessment (NPS 2010a, 2010b, 20153, 2015b). The Cape Hatteras National
Seashore Sea Turtle Monitoring and Management Program 2018 Annual Report, pages 3 to 7 (NPS 2019d),
which is incorporated herein by reference, provides the methodology used by NPS staff to survey for,
document, mark, and monitor sea turtle nesting activity. A copy of reportis available at:
https://www.nps.gov/caha/learn/nature/upload/2018 CAHA Sea-turtle-report final report.pdf.

As part of their protocol, NPS staff demarcate exclusion zones to protect nests from recreational beach users
and to protect emergent hatchlings migrating to the ocean. Monitoring staff also record the loss of nests,
eggs, hatchlings, and adult sea turtles, and the cause of the loss, if known. Since 2010, the Seashore, along
with all other North Carolina, South Carolina, and Georgia beaches, has participated in a genetic mark-
recapture study of Northern Recovery Unit nesting female loggerheads using DNA derived from eggs.
Georgia Department of Natural Resources, the University of Georgia, and the NCWRC coordinate the
study. One egg from each nest is removed and sampled for maternal DNA; the team records losses caused
by collecting the permitted research samples (NPS 2019d).
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Sea Turtle Nesting Trends

Sea turtle nesting at the Seashore from 2014 to 2019 is summarized in table 4. Please note that the data
provided in tables 4 through 10 do not include sea turtle nesting at the Pea Island NWR portion of the
Seashore. Although the number of sea turtle nests documented at the Seashore varies annually, the
general trend is that the number of sea turtle nests laid at the Seashore is increasing over time.
Currently, no data exist to characterize site selection, digging behavior, and energy expenditure by
nesting female sea turtles at the Seashore. Reproductive success, clutch viability, and hatchling
emergence are discussed below. Annual nest numbers at the Seashore have fluctuated greatly over the
last 30 years ranging between 11 nests in 1987, the lowest number, and 473 in 2019, the highest
number. Generally, the number of sea turtle nests laid at the Seashore has increased from an average of
77.4 nests between 2000 and 2007, to an average of 192.2 nests between 2008 and 2016 (NPS 2017f).
Annual variation in nesting numbers is generally attributed to synchronicity, or lack thereof, of inter-
nesting migration periods (Solow et al. 2002), but in general, the populations of sea turtles within the
recovery units that nest at the Seashore appear to be increasing as suggested by the nest numbers
(Mazaris et al. 2017).

A summary of nesting activity and hatch success from 2014 through 2019 compiled for all sea turtle
species nesting at the Seashore is provided in table 5. The average number of sea turtle nests laid during
this period was 271 nests per year with a minimum of 124 nests in 2014 and a maximum of 473 nests in
2019. The average number of false crawls was 241 per year with a minimum of 104 in 2014 and a
maximum of 418 in 2019. False crawls mirrored the annual variability exhibited by the nest totals. The
annual percentage of false crawls was generally between 45% and 46% for each of the years presented
in table 5, although false crawls comprised the majority (50.3%) of sea turtle emergences onto the
nesting beach in 2016. No reason for the increase in false crawls in 2016 is apparent from the sea turtle
nesting data. Mean clutch count (number of eggs per nest), was determined using total eggs counts
from relocated nests at the time of relocation. Mean clutch count for the years 2014 to 2019 was
generally consistent with some variability, ranging between 105.3 and 118.6. Mean hatch success
(percentage of eggs in a nest that hatched) and mean emergence success (percentage of hatchlings that
emerged unaided from the nest relative to total eggs in the nest) generally remained steady from 2014
to 2019, with some natural variability.

GPS data collected at nest locations at the Seashore during the 2018 and 2019 sea turtle nesting season
indicate sea turtle nests were nearly evenly distributed throughout the Seashore with some natural
variation, as illustrated in figure 22 in appendix A. Nest density appeared to be somewhat lower in areas
within the villages of Buxton, Avon, and Rodanthe, where development directly abuts the beach, and
higher nest densities appeared to occur in areas where a dune system buffered the beach from nearby
development. Nests also appear to be evenly distributed within the areas of likely sediment management
activities and reference monitoring preservation areas. Monitoring staff documented a large number of
nests on the ocean side beach between the Haulover Day Use Area and Cape Hatteras Point, and much of
that beach was nourished in 2017. This area is also included as an area of likely sediment management,
and planning for a nourishment project is currently underway.

Genetic Testing

As described in the monitoring methodology above, each year, one egg is removed from almost every
nest to identify and assign each nest to a particular nesting female. The results of the genetic mark-
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recapture study of the Northern Recovery Unit nesting female loggerheads at the Seashore from 2014 to
2019 are provided in table 6. In general, the number of nesting females at the Seashore exhibits similar
variability, as the number of nests and nests per female averaged around 2.5 (NPS 2017c, 2017j, 2017k,
2018d, 2019b; Seaturtle.org 2020). 2019 appears to be an outlier as nesting females exhibited higher
reproductive output averaging 3.43 nests per female (highest recorded since the beginning of the
program in 2010 (NPS 2019d)). No cause for the high nest productivity of 2019 has been proposed,
although the phenomenon was observed throughout the Atlantic coast from Georgiato North Carolina
(Bynum 2019).

TABLE 6. NUMBER OF NESTS, NUMBER OF INDIVIDUAL NESTING FEMALES, NUMBERS OF NESTS PER FEMALE, AND MEAN
INTER-NESTING PERIOD AT CAPE HATTERAS NATIONAL SEASHORE BASED ON DNA RESULTS FROM 2014 T0 2019

Individual
Number of Nesting Nests per Mean Inter-Nesting
Year Nests Females Female Period (days)
2014 124 64 2.06 14.83
2015 289 131 2.52 14.50
2016 325 142 2.61 13.92
2017 250 105 2.80 14.81
2018 166 94 1.97 14.50
2019 473 132 3.43 14.23

Source: NPS 2017c, 2017, 2017k, 2018d, 2019b; Seaturtle.org 2020

Nest Relocation

Each year at the Seashore, sea turtle nests have been evaluated for relocation, and some were moved
to improve nest success or protect the nest from damage. Most of the relocated nests were moved due
to natural factors including nests located at or below daily high tide lines or nests that were laid in
areas susceptible to high erosion or flooding. However, in 2017 all sea turtle nests laid within the
beach nourishment project area at Buxton Village were relocated. One nest was laid within the active
work zone, and 14 nests were laid within the nourishment project area outside of the active work
zone. These relocations represent 22.2% of the 72 relocated nests at the Seashore in 2017 (NPS
2018d). Mean hatch success; mean emergence success; and nest success (percentage of nest
producing hatchlings) of in situ nests (nests left in place) and relocated nests are provided in table 7.
For years 2014, 2015, 2016, and 2018, mean hatch success, mean emergence success, and nest
success, is higher for relocated nests than for in situ nests. In 2017, mean hatch success and mean
emergence success were lower for relocated nests, but nest success was higher for relocated nests.
Currently, there are not enough data to determine the reason for the lower success exhibited by
relocated nests in 2017 (NPS 2017c, 2017j, 2017k, 2018d, 2019b).
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TABLE 7. MEAN HATCH SUCCESS, MEAN EMERGENCE SUCCESS, AND NEST SUCCESS FOR IN SITU ANDRELOCATED
NESTS AT CAPE HATTERAS NATIONAL SEASHORE FOR THE YEARS 201470 2018

Number of Mean Mean Mean Mean Emergence Nest Nest
Hatch Hatch | Emergence 1
Year Relocated Success Successt Success
Nests Success | Success Success Relocated In Situ Relocated
In Situ | Relocated In Situ
2014 33 48.0% 58.9% 44.0% 47.0% 57.1% 60.6%
2015 56 55.4% 62.7% 47.4% 55.1% 63.0% 73.2%
2016 85 59.3% 70.5% 52.3% 58.3% 68.2% 89.4%
2017 72 61.1% 59.2% 54.3% 51.1% 67.2% 69.4%
2018 61 53.7% 66.8% 47.9% 56.2% 68.2% 80.3%

Source: NPS 2017c, 2017j, 2017k, 2018d, 2019b
1 Percentage of nests producing emergent hatchlings

Beach Nourishment

In 2017, beach nourishment occurred along a 2.9-mile stretch of beach at Buxton Village. As
described above under “Nest Relocation,” during the 2017 nesting season, all nests laid within the
nourishment project area were relocated regardless of whether they were located in an active work
area. No loss of nests, eggs, or hatchlings due to nourishment or relocation activities was documented.
In 2018, 15 nests were laid within the footprint of the 2017 Beach Restoration to Protect NC Highway
12 at Buxton Project. Of those 15 nests, 5 were relocated due to being laid at or below the high tide
line or within a known high erosion zone. The remaining 10 nests were left in place. Hatch and
emergence success rates of the nests within the nourishment project area were 68.4% and 56.3%,
respectively, higher than the overall (Seashore-wide) hatch and emergence success rates of 58.5% and
51.0%, respectively (NPS 2019b). Nest location GPS data indicate nesting within the nourishment
area at Buxton beach remained consistent before, during, and after nourishment activities (NPS 2017c,
2017j, 2017k, 2018d, 2019b).

Depredation/Loss

The Seashore sea turtle monitoring and management program documents the loss of eggs and hatchlings
due to depredation, misorientation/disorientation, incidental take (human, including research), and
storms/tides/erosion. The causes of sea turtle egg loss during the 2014 to 2018 nesting seasons at the
Seashore are provided in table 8. The causes of sea turtle hatchling loss during this time period are
provided in table 9.

Over the period from 2014 to 2018, depredation resulted in a relatively low loss of eggs (combined total
of 567 out of a total of 120,359 eggs laid [less than 0.5%]) and hatchlings (128 out of a total of 77,094
hatched eggs [less than 0.2%]). The majority of egg and hatchling depredation was by ghost crabs, which
account for 57.3% of documented eggs lost to predation and 93% of documented hatchlings lost to
predation. Other documented predators at the Seashore include birds, canine/fox (coyote, domesticated
dogs, foxes), opossums, racoons, domesticated cats, mink, and fire ants (NPS 2017c, 2017j, 2017k,
2018d, 2019d).
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TABLE 8. SEA TURTLE EGG LOSS SUMMARY FOR THE YEARS 201470 2018 AT CAPE HATTERAS NATIONAL SEASHORE

Depredation | Depredation | Depredation Broken
Year | Research! | Canine/Fox Birds Ghost Crab | Tide/Storm | Egg/Human | Unknown | Totals
2014 121 0 5 55 50 5 19 255
2015 281 0 6 76 14 1 6 384
2016 308 40 6 133 0 26 0 513
2017 246 124 61 41 193 4 0 669
2018 162 0 0 20 350 0 2 534
Source: NPS 2017c, 2017j, 2017k, 2018d, 2019b
1 Egg loss for research refers to the eggs collected from each nest for genetic sampling as part of the genetic mark-recapture
study of the NRU nesting females, as described above.
TABLE 9. SEA TURTLE HATCHLING LOSS SUMMARY FOR THE YEARS 2014 70 2018 AT CAPE HATTERAS NATIONAL
SEASHORE
Depredation | Depredation | Depredation
Year Misorientation Birds Ghost Crab Ants Human | Unknown Totals
2014 2 0 12 0 0 1 15
2015 235 0 28 0 0 1 264
2016 235 0 45 8 0 9 297
2017 442 1 13 0 2 3 461
2018 488 0 21 0 0 7 516
Source: NPS 2017¢, 2017j, 2017k, 2018d, 2019b

Disorientation, loss of direction, and misorientation (incorrect orientation) are common occurrences
during sea turtle hatchling emergence. The compiled total of disoriented and misoriented hatchlings
documented for the years 2014 to 2018 was 1,402 (2.1%) of the 66,939 emerged hatchlings, and the
annual totals appear to be increasing. However, the full extent of hatchlings affected is not fully known
because disorientation and misorientation are identified by tracks left in the sand by hatchlings and
evidence is often erased by winds, overwash, rain, or human or animal activity (NPS 2017c, 2017j,
2017k, 2018d, 2019d). Adult nesting female sea turtles can also become disoriented or misoriented while
traveling to or from nesting on the beach. Generally, this does not lead to adult mortality at the Seashore.

Incidental take and disturbance by humans may affect nesting females and hatchling emergence; however,
the extent to which human activities have disrupted sea turtles is unknown due to the inability to monitor
the entire Seashore 24 hours per day. From 2014 to 2018, egg loss from human disturbance/incidental
take totaled 36 eggs (0.03%) of 120,359 eggs counted from 2014 to 2018. These losses include loss of
eggs during excavation to confirm nest presence and collection of eggs for research (NPS 2017c, 2017j,
2017k, 2018d, 2019d).

Storms and Tides

Erosion or repeated inundation during storm or high tide events has led to the loss of many nests at the
Seashore. Table 10 provides a summary of the nests and eggs lost to storm and tidal erosion or inundation
at the Seashore from 2014 to 2018. Nests lost to erosion means the nest was completely washed away and
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did not remain in the ground. Nests lost to repeated inundation are nests that experienced multiple
overwash events and failed to result in any hatching activity (i.e., 0% hatch success). Nests lost to
inundation remained, at least partially, in the ground (NPS 2017c, 2017j, 2017k, 2018d, 2019d). The nest
losses provided in table 10 are not necessarily represented by egg losses provided in table 8. Generally,
egg loss due to storm or tide events is significantly underestimated because clutch counts are not
determined for in situ nests, and the estimated annual egg losses provided in table 8 are calculated using
80 eggs per nest as the “minimum” and 120 eggs per nest as the “maximum.” Also, nests that were lost to
repeated inundation were not included in the egg loss totals provided in table 6 (NPS 2017c, 2017j,
2017k, 2018d, 2019d).

TABLE 10. SEA TURTLE NEST LOSS SUMMARY FROM STORM AND TIDALACTIVITY AT CAPE HATTERAS NATIONAL
SEASHORE FROM 2014 70 2018

Nests Lost to Nests lost to Estimated Total Estimated Total
Year Erosion repeated Egg Loss Egg Loss
2014 12 0 960 1,440
2015 20 0 1,600 2,400
2016 24 27 4,080 6,120
2017 13 41 4,320 6,480
2018 19 8 2,160 3,240
Totals 88 76 13,120 19,680

Source: NPS 2017c, 2017j, 2017k, 2018d, 2019b
1 Base on a lower estimate of 80 eggs per lost nest (NPS 2019d)
2 Based on a higher estimate of 120 eggs per lost nest (NPS 2019d)

From 2014 to 2018, a total of 164 sea turtle nests at the Seashore were lost due to erosion or frequent or
prolonged overwash/inundation; and a total of 142 nests exhibited low hatch success, less than 30%, due
to multiple overwash or inundation events. The Seashore experienced nest loss from tropical storms in
2014 (Arthur, Bertha, Cristobal, Edouard), 2015 (Joaquin), 2016 (Hermine, Michael), 2017 (Tropical
Storm #10, Gert, Jose, Maria), and 2018 (Chris, Florence). In addition to tropical storms, other high tide
events often paired with strong winds have led to nest loss from erosion or frequent/prolonged overwash
or inundation (NPS 2017c, 2017}, 2017k, 2018d, 2019d).

Potential Threats

Potential threats to sea turtles are generally the same for all sea turtle species that nest or inhabit the
waters near the Seashore, and threats are present both on nesting beaches and in offshore waters. In water
and on land, threats to sea turtles are detailed in the 2020 SARBO, pages 179 to 211 (NMFS 2020b); the
Recovery Plan for the Northwest Atlantic Population of the Loggerhead Sea Turtle, pages I1-31 to 1-67
(NMFS and FWS 2008); and the North Carolina Coastal Beach Sand Placement Statewide
Programmatic Biological Opinion, pages 163 to 170 (FWS 2017), which are herein incorporated by
reference. The SARBO is available at https://www.fisheries.noaa.govivebdam/download/105447245. The
loggerhead recovery plan is available at https://www.fisheries.noaa.gov/resource/document/recovery-
plan-northwest-atlantic-population-loggerhead-sea-turtle-caretta-caretta. The SPBO is available at
https://saw-reg.usace.army.mil/PN2017/NC SPBO.pdf.
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Threats to sea turtles in the water, as described in the above references, include vessel traffic, dredging
operations, fisheries, pollution, bathymetric surveys, and disposal of dredged material in marine or
estuarine environments including beach nourishment. Threats on nesting beaches include human
presence, beach furniture and recreational equipment, beach vehicular driving, beach nourishment,
shoreline armoring, beach erosion and accretion, artificial lighting, predation, and climate change. These
threats and activities can impact sea turtles directly (e.g., entrapment, injury, mortality), change sea turtle
behavior (e.g., false crawls, nest abandonment, disorientation), or modify habitat (e.g., nourishment of
nesting beach, beach erosion, dredging of hard bottom).

LISTED SHOREBIRD SPECIES

The Seashore, a designated Important Bird Area (BirdLife International 2019a), is a critical natural
landform along the Atlantic Flyway (Ducks Unlimited 2019), serving as major resting, breeding, and
feeding grounds for migratory birds throughout the year (CSE 2015). Barrier island ecosystems are also
important nesting and foraging grounds for many shorebird species. Shorebirds are most abundant at the
Seashore while mating and nesting, from late spring through the summer months, and many species of
shorebirds are actively monitored at the Seashore to track population trends and ensure continued
breeding success. Patterns in breeding success and population size vary by species, and details regarding
the current conditions of federally and state-listed species are included in the following sections.

Three federally listed shorebird species protected under the ESA are known to use the study area. These
species are piping plover (Charadrius melodus), roseate tern (Sterna dougallii dougallii), and rufared
knot (Calidris canutus rufa) (CZR Incorporated and CSE 2015a). The federally endangered red-cockaded
woodpecker was excluded from further review because no habitat is present within or near the areas of
likely sediment management activities. State-listed shorebird species carried forward for analysis include
the American oystercatcher (Haematopus palliates), the black skimmer (Rynchops niger), the common
tern (Sterna hirundo), the gull-billed tern (Gelochelidon nilotica), the least tern (Sternula antillarum), and
Wilson’s plover (Charadrius wilsonia). Many of these species exhibit similar preferences for nesting
habitat and share nesting locations within the sediment management areas. The highest concentrations of
these nesting sites exist at the northern and southern tip of Ocracoke, the southern shore at Cape Hatteras
Point, the ocean side beach between the Haulover Day Use Area and Buxton, the beachfront south of
Salvo, the northern shore of Oregon inlet, and Green Island (figure 23 in appendix A). Generally,
shorebird nesting has historically occurred in areas that do not correspond to the areas of likely sediment
management activities, as depicted in figure 23. The notable exceptions include the ocean side beach
between the Haulover Day Use area and Cape Point, along which shorebird nesting has occurred, and the
south end of Hatteras Island on which sediment management activities are proposed to restore piping
plover nesting and wintering habit due to erosion caused by repeated dredging of the inlet navigation
channel and boat traffic in Hatteras Inlet. Table 11 below summarizes important time periods for breeding
and migrating listed shorebirds at the Seashore. Overall, there is some type of shorebird activity occurring
throughout the year.

62 Affected Environment



CAPE HATTERAS NATIONAL SEASHORE
SEDIMENT MANAGEMENT FRAMEWORK
DRAFT ENVIRONMENTAL IMPACT STATEMENT
SEPTEMBER 2020

TABLE 11. OCCURRENCE OF LISTED SHOREBIRD SPECIES AT CAPE HATTERAS NATIONAL SEASHORE

Shorebird Species Time Period
Piping Plover Breeding Season March 1 to August 1
Piping Plover Migration Period (Spring) March 1 to May 1
Piping Plover Migration Period (Fall) July 1 to October 15
Red Knot Migration Period May 1 to February 1
Roseate Tern Migration Period May 1 to October 1

Source: NPS, Johnson, personal communication, 2019e

Piping Plover

The piping plover is a small shorebird that is endemic to North America. Piping plovers breed in North
America in three geographic regions: the Atlantic Coast from Newfoundland to South Carolina, the Great
Lakes, and the northern Great Plains. The Great Lakes breeding population is designated as endangered,
and the Atlantic Coast and northern Great Plains breeding populations are designated as threatened. All
migrating or wintering, piping plovers are considered threatened (FWS 2003a). Piping plovers are also
listed by the State of North Carolina. Wintering occurs from July to January, with the highest non-
breeding populations visiting the Seashore during migration from July to August. There have been a few
instances of piping plovers nesting in South Carolina, but generally, North Carolina is the only state
where the piping plover’s breeding and wintering ranges overlap and where the birds are present year-
round (National Wildlife Federation n.d.).

Piping plovers feed on marine worms, crustaceans, mollusks, and other small invertebrates found in the
wet beach environment. Due to their physical size and relatively short bills, piping plovers require
shallow or unflooded foraging areas and food items that are unburied or only shallowly buried beneath
sediment (less than 2 in). These areas include foreshores, intradunal swales, mudflats/algae flats,
overwash, salt marshes, and sand flats.

Breeding Habitat

Piping plovers use sandy beach habitat at the Seashore for nesting (Atlantic population) and foraging
(both the Atlantic and Great Lakes populations) (FWS 1996a, 2003a). Atlantic Coast nest sites for the
species are confined to flat and gently sloping areas with sand, gravel, and cobble substrates in open to
sparsely vegetated beaches and similar habitats (Cairns 1982). Like other beach-nesting species, piping
plovers prefer wide fields of view, or shelter beneath detritus or vegetation where they have been
observed nesting alongside least terns. Additionally, nearby foraging habitat is important to nesting piping
plovers, and wrack lines are preferred foraging habitat for chicks (Elias et al. 2000). The Atlantic Coast
population of piping plovers breeds on coastal beaches from Newfoundland and southeastern Quebec to
North Carolina, which is considered the southernmost nesting area for the Atlantic Coast population. The
overall size of the Atlantic population is approximately 8,000 birds (BirdLife International 2019b;
Partners in Flight 2019), but numbers fluctuate, reflecting the quantity and quality of suitable foraging
and roosting habitat. Within the likely sediment management areas, concentrated nesting areas are present
at four separate locations: the south point of Ocracoke, the southern shore of Hatteras Inlet, the south-
facing edge of Cape Hatteras, and the northern shore of Oregon Inlet. Because of their reliance on
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specific, often localized, habitats and their strong breeding-site fidelity, piping plovers are still dependent
on intensive conservation efforts at these locations (BirdLife International 2019b).

Critical Wintering Habitat

Piping plover nesting and wintering grounds overlap in coastal North Carolina and particularly within the
Seashore. North Carolina is the northernmost extent of the piping plover’s wintering range, and the
Seashore represents a significant portion of the available foraging and wintering areas in the state. As
such, there are five areas of designated critical habitat for wintering piping plovers located within the
Seashore, as shown in figure 23 in appendix A. Critical habitat corresponds with the areas of likely
sediment management on the north side of Cape Hatteras Point and at the south end of Hatteras Island.
During wintering, piping plovers frequent sand flats, algae flats and mud flats rather than using open
beaches (Drake et al. 2001). Roosting habitats consist of sparsely vegetated backshores and dunes (areas
above the high tide mark).

Critical habitat for wintering piping plover is defined as:

= |ntertidal sand beaches (including sand flats) or mud flats (between the mean lower low water
[MLLW] line and annual high tide) with no or very sparse emergent vegetation for feeding. In
some cases, these flats may be covered or partially covered by a mat of blue-green algae.

= Unvegetated or sparsely vegetated sand, mud, or algal flats above annual high tide for roosting.
Such sites may have debris or detritus and may have micro-topographic relief (less than 20 in
above substrate surface) offering refuge from high winds and cold weather.

= Surf-cast algae for feeding.

m  Sparsely vegetated backbeach, which is the beach area above mean high tide seaward of the dune
line, or in cases where no dunes exist, seaward of a delineating feature such as a vegetation line,
structure, or road. Backbeach is used by plovers for roosting and refuge during storms.

®  Spits, especially sand, running into water for foraging and roosting.

m  Salterns, or bare sand flats in the center of mangrove ecosystems that are found above mean
high water and are only irregularly flushed with sea water.

®  Unvegetated washover areas with little or no topographic relief for feeding and roosting.
Washover areas are formed and maintained by the action of hurricanes, storm surges, or other
extreme wave actions.

= Natural conditions of sparse vegetation and little or no topographic relief mimicked in artificial
habitat types (e.g., dredge spoil sites). (NPS 2010a)

The four Critical Wintering Habitat (CWH) units likely to be affected by sediment management activities
at the Seashore include NC-1, NC-2, NC-4, and NC-5. Within these units, CWH includes sandy areas that
lack dense vegetation. Where densely vegetated dunes are present, the CWHSs extend from those dunes to
MLLW on the Atlantic side of the island. In areas that lack densely vegetated dunes, the CWHSs extend
from MLLW on the Atlantic side to MLLW on the sound side. At Oregon and Hatteras Inlets, the CWHSs
include the tidal fans and associated islands, including Green Island in Oregon Inlet.
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Monitoring

Nesting

Piping plovers nest within the Seashore and Pea Island NWR annually. They arrive at breeding grounds
between late March and early April, and they nest in May and June (FWS 1996a). As part of standard
annual management practices, NPS personnel patrol the Seashore, excluding the Pea Island NWR portion
of the Seashore, and evaluate all potential breeding habitat for this species by March 1 and recommend
pre-nesting closures based on that evaluation. Surveys continue three times/week and closures are
adjusted accordingly throughout the nesting season until July 31. If breeding activity occurs, pre-nesting
closures remain until two weeks after all chicks have fledged. NPS personnel conduct surveys seven days
a week once nesting has begun. These surveys identify species; count eggs, hatchling, and fledglings; and
determine probable and observed causes of nest or chick mortality (NPS 2019c¢). The results for the 2014
to 2018 breeding seasons can be found in table 12. The FWS implements different strategies to administer
shorebird nesting closures and monitoring at the Pea Island NWR portion of the Seashore than NPS uses
at the rest of the Seashore.

The numbers of piping plover nests and chicks fledged within the Seashore (excluding Pea Island NWR)
from 2014 through 2018 is provided in table 12. The number of piping plover nests does not appear to
indicate a trend with 14, 17, and 12 nests in 2014, 2015, and 2017, respectively, and three nests in 2016
and 2018. The number of fledged piping plover chicks recorded for the Seashore has remained between
two and five for each year from 2014 to 2018 (NPS 2017a, 2017h, 2017c, 2018c, 2019c¢).

Migrating and Wintering

Tracking the population of wintering piping plovers at the Seashore is a difficult task, as migrant birds
stop over for short periods of time, and resident wintering birds frequently move between habitats based
on environmental conditions, prey availability, disturbance, and other factors. Significant stopover sites
for migratory plovers are not evenly distributed throughout the Seashore. South Point at Ocracoke Island
is recognized as a globally important stopover refueling site for piping plovers, hosting an estimated 10%
of the global population during fall migration (Weithman 2018). During the non-breeding season, piping
plover abundance typically peaks in late August, then tends to decline through December. Low numbers
remain consistent from December through the onset of the breeding season the following spring
(Cameron et al. 2020).

Two separate survey efforts were conducted annually from 2015 to 2018 to quantify non-breeding piping
plover populations at the Seashore. NPS personnel completed one effort, which involved sampling from
April to March (excluding June when all piping plovers are assumed to be breeding) along random transects
positioned in high and low-intensity areas along the seashore. The number of individual surveys conducted
varied based on personnel availability. A second, volunteer-based survey effort recorded the number of
piping plovers observed during fall migration in July and August at South Point. In 2018, the volunteer data
collection effort included surveys at Oregon Inlet and Green Island as well, but the vast majority of piping
plover were observed at South Point on Ocracoke Island during the 2018 migration. As provided in table 13,
during the 2015-2016 NPS monitoring, 130 surveys (excluding Ocracoke Island) detected 20 piping plovers,
in the 2016-2017 season, 91 surveys detected 49 piping plovers; and in the 2017-2018 season, 66 surveys
across the Seashore detected 62 birds (NPS 2017a, 2017b, 2017c, 2018c, 2019c).
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The volunteer surveys conducted in July and August from 2016 to 2018 focused on Ocracoke Island and
yielded much higher numbers than surveys conducted by the Seashore. In 2016, volunteers conducted six
weekly surveys during which they counted from 155 to 188 piping plovers. They conducted ten weekly
surveys in 2017 and counted between 125 and 182 piping plovers. In 2018, 22 surveys were conducted by
volunteers during which they counted between seven and 211 piping plovers (NPS 2017c, 2018c, 2019c).

TABLE 12. NESTING AND FLEDGING TRENDS FOR SHOREBIRDS MONITORED AT CAPE HATTERAS NATIONAL SEASHORE

2014 | 2014 | 2015 | 2015 | 2016 | 2016 | 2017 | 2017 | 2018 | 2018
Total | Chicks | Total | Chicks | Total | Chicks | Total | Chicks | Total | Chicks
Shorebird Species nests | fledged | nests | fledged | nests | fledged | nests | fledged | nests | fledged
Piping Plover 14 5 17 2 3 3 12 2 3 3
Roseate Tern? - - - - - - - - - -
Rufa Red Knot!? - - - - - - - - - -
Black Skimmer 95 59 85 15 169 26 214 32 368 116
Common Tern 38 2 16 6 91 42 90 10 72 12
Gull-billed Tern 1 0 3 0 23 3 14 25 50 10
Least Tern 469 134 291 26 295 30 189 17 475 15
American Oystercatcher | 38 9 43 12 41 12 53 2 40 20
Wilson's Plover 3 0 3 0 3 0 2 0 0 0
Source: NPS 2017a, 2017b, 2017¢, 2017d, 2017e, 2018g, 2017g, 2017h, 2017i; 2018c; 2019¢
1 Species that do not breed at the Seashore
TABLE 13. FORAGING AND WINTERING PIPING PLOVERS AT CAPE HATTERAS NATIONAL SEASHORE
April-March April-March
(excluding June) | (excluding June) July-August July-August
Number of Number of birds Number of Number of birds
Year surveys observed surveys observed (High, Low)
2013-2014 Not reported 137 N/A N/A
2014-2015 Not reported Not reported N/A N/A
2015-2016 130 20 6 (188, 155)
2016-2017 91 49 5 (182, 125)
2017-2018 66 62 22 (211, 7)

Source: NPS 2017a; NPS 2017b; NPS 2017c; 2018¢c; 2019¢

Potential Threats

Habitat destruction is the primary threat to piping plovers, and current habitats across the US may not be
sufficient to support the existing population (Robinson et al. 2019). Several forces, both natural and
anthropogenic, influence the availability of high-quality habitat for the species. Degradation and
contamination occur from development, and erosion and flooding due to relative sea-level rise can
exacerbate these effects. Natural oceanic currents transport sediments along coastlines, and the deposition
of those sediments on the beach limits overgrowth vegetation. Piping plovers cannot see potential
predators when vegetation is dense, and their risk of predation increases. Gradual accretion of sediments
in nesting and foraging areas also promotes balance between dry beach for nesting and wet beach with an
abundance of marine invertebrates for foraging. The addition of permanent structures such as buildings,
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roads, groins, sea walls, and jetties alters the transport of sediment and prevents the development and
maintenance of habitats to which the piping plover is adapted (Seavey et al. 2010). These effects apply to
both nesting and wintering piping plovers as well as other protected shorebirds that rely on open beach
habitat for foraging, wintering, and/or nesting. Placement of sand on beaches can also affect piping
plovers as sand placement often favors fine-grained sandy beaches which are less favorable for nesting
than naturally formed beaches with a diversity of particle sizes (Cohen et al. 2008).

Degraded and sparsely distributed habitats intensify naturally occurring threats to nesting and wintering
piping plovers. Severe weather resulting in disturbance of nesting areas can often be avoided by mature
birds if other appropriate nesting locations are available nearby. However, habitat scarcity can force
plovers to nest in areas with lower elevations, thereby increasing the potential for nest mortality due to
overwash and flooding. Both adult piping plovers and their young are susceptible to predation during
nesting (Roche et al. 2010). Predation by species such as ghost crabs, raccoons, foxes, and gulls, can also
occur as a result of low-quality habitat, especially habitats exposed to acoustic disturbance or those with
limited fields of view that could limit predator detection by piping plovers. Disturbance can also result in
nest abandonment by breeding birds or flushing of foraging and wintering birds. A single isolated case of
infanticide has also been documented by piping plovers as a result of territorial behavior toward chicks
and fledglings, but the cause of such behavior is unknown. Frequency and cause of piping plover chick
and egg mortality documented at the Seashore is provided in table 14.

TABLE 14. CAUSES OF PIPING PLOVER NEST MORTALITY AT CAPE HATTERAS NATIONAL SEASHORE

Eggs Lost to | Eggs Lost to | Eggs Lost to Eggs Lost to Eggs Lost to Estimated

Year | Overwash Predation | Abandonment | Infanticide [ Unknown Causes | Total Egg Loss
2014 8 3 4 0 21 36

2015 2 3 1 0 48 54

2016 7 13 5 0 15 40

2017 >1 >1 >1 4 >1 31

2018 0 >1 0 0 >1 8
Totals ~18 ~19 ~11 4 ~84 169

Source: NPS 2017a, 2017b, 2017c, 2018c, 2019¢

Roseate Tern

The roseate tern is a federally endangered migratory seabird. Roseate terns are generally observed at the
Seashore while migrating along the Atlantic coast. Preferred habitat for resting and foraging includes
sheltered estuaries, inshore waters, and creeks. Roseate terns typically feed on small, schooling marine
and estuarine fish, by diving into the water from above and catching prey in their bills. There are two
roseate tern nesting populations, one located in the Caribbean and one located along the Atlantic coast in
the northeast US (FWS 1993). It nests in widely but sparsely distributed colonies, usually among colonies
of common terns.

While global populations have reportedly stabilized since sharp declines in the 19™ century (American Bird
Conservancy 2017), the roseate tern is exceedingly rare in North Carolina and, most likely, would only be
observed at the Seashore as it passes through the area during migration from May to September. Due tothe
rarity of this species in the area, population trends at the Seashore have not been documented (CZR
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Incorporated and CSE 2015a; NPS 2018a, 2018c, 2019c). Offshore sightings over the continental shelf and
Gulf Stream occur occasionally, and expert birdwatchers from North Carolina consider roseate terns a rarity
in the state, estimating that there is less than 10% chance of seeing the bird during optimal times of year in
prime offshore habitats (LeGrand 2020b). Due to lack of information about the species, effective planning to
minimize impacts specifically to roseate terns may not be possible at the Seashore.

Potential Threats

Potential threats to the species include habitat loss due to human development of barrier islands, nest or
colony abandonment due to human disturbance, and prey competition from gulls (FWS 2011).

Rufa Red Knot

The rufared knot (hereafter “red knot”) is listed as a federally threatened species under the ESA. This
species migrates annually from the Canadian arctic to wintering grounds between the southeast US and
southern Argentina. It is observed at the Seashore while migrating and foraging. Because of the
expansiveness of its range, the red knot is incredibly difficult to track, and population trends for the red
knot at the Seashore are unknown. Surveys from Virginia’s barrier islands showed no trend over time in
the species’ population (FWS 2013a). However, along the Delaware Bay, red knot populations have
declined by 75% since the 1980s (FWS 2013a). The number of red knots along the Seashore varies from
year to year based on available food resources, and this species does not nest in North Carolina (Island
Free Press 2014). At the Seashore, the largest populations of red knots are observed around the end of
April and into May during their migration to breeding grounds in the north. During peak migration in
2017, greater than 600 individuals were observed at Cape Lookout (NPS 2018e). For the remaining
months in 2017, between zero and 200 individuals were observed on each sampling date within the same
study area (NPS 2018e). There is not a consistent population of red knots at the Seashore, although some
birds spend the summer in North Carolina before migrating farther north and some overwinter in North
Carolina rather than continuing to fly south (Island Free Press 2014).

Habitat and Behavior

Like many shorebirds, red knots use open shorelines for foraging. FWS has not established critical habitat
for the red knot, but preferred habitats include mudflats for foraging, and high beaches and sand flats for
roosting. Prey species include small mollusks, crustaceans, marine worms, and horseshoe crab eggs, all of
which must be in high abundance to maintain energy during the long migration (Baker et al. 2013). Red
knots forage on a tidal basis, rarely wading into flooded areas to feed (Schneider and Harrington 1981),
and they are limited in their ability to dig for buried prey. Therefore, prey and other forage items must be
exposed or shallowly buried in the substrate.

Potential Threats

Overharvesting of horseshoe crabs and other marine invertebrates and development in coastal areas are all
affecting the forage availability for the red knot, and climate change is changing the timing of red knot
migration (FWS 2014). Upon arrival in foraging areas, birds are often emaciated, leading to small
deviations from expected foraging areas which can expend extra energy and be detrimental to an
individual’s survival. Because of this, human disturbance and disruption of foraging habitats can be
particularly harmful to the red knot. Threats to red knot are similar to threats to piping plover as they
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relate to habitat and prey availability, but red knots have an immediate urgency for resources as birds
forage during migration (FWS 2013a, 2019a).

American Oystercatcher

American oystercatchers are not listed under the ESA, but they are federally protected under the MBTA. In
North Carolina, the oystercatcher is listed as a special concern species. As the name indicates, this species
feeds almost entirely on shellfish, including oysters, limpets, clams, mussels, crabs, sea stars, and sea
urchins, along with polychaetes, occurring in the wet beach, mud flat, and tidal marsh habitats (Cornell
2017c). Oystercatchers are strictly coastal and inhabit large, open sandy areas, sand dunes, and tidal marshes.
During summer months, the oystercatcher can be seen along the Atlantic Coast from New England to the
Gulf Coast, Mexico, Central America, parts of South America, and the Caribbean. It is typically considered
non-migratory, but most oystercatchers from New England to Maryland head south for the winter around late
September. American oystercatchers occur at the Seashore year-round (Cornell 2017c).

Habitat use and foraging requirements for non-breeding and breeding oystercatchers is similar at the
Seashore, as roosting typically occurs in former nesting areas and foraging habits do not change throughout
the year. Hard-substrate areas such as docks and shell rakes are notable additions to suitable wintering habitat
that are not used for nesting. Unlike piping plovers, American oystercatchers are not monitored by the NPS
outside of the breeding season, but they are reportedly uncommon to rare at the Seashore during the winter
months (LeGrand 2020c).

Nesting

Oystercatchers nest in shallow scrapes on beaches, open sandy flats, and sandy areas in tidal marshes,
typically in colonies with terns, plovers, and other shorebird species (LeGrand 2020c). They may also use
gravel rooftops in developed areas where natural nesting habitat is limited (Cameron 2008). American
oystercatchers are commonly seen in Dare County throughout the year. Nesting numbers for American
oystercatchers at the Seashore from 2014 to 2018 are provided in table 12. American oystercatcher nests
remained consistently between 38 and 53 nests and averaged 43 nests per year. However, the number of
fledged chicks varied between a low of 2 in 2017 and a high of 20 in 2018 (NPS 2018g, 20179, 2017c,
2018c, 2019c). The resultant fledge rate for American oystercatchers ranged from 0.08 fledglings per
breeding pair in 2017 to 0.8 fledglings per breeding pair in 2018, with an average of 0.44 fledglings per
breeding pair for the period from 2014 to 2018 (NPS 2019c).

Potential Threats

Causes and numbers of egg and nest mortality are provided in table 15. Predation is the primary cause of
nest mortality identified at the Seashore. Predators at the Seashore include coyotes, foxes, feral cats,
minks, various bird species, possums, raccoons, and ghost crabs. Populations of predator species may be
increasing on beaches frequented by people as humans provide corridors for movement between barrier
islands and introduce anthropogenic food sources such as garbage to beach areas. Habitat destruction due
to land development poses an additional threat leading to a decline in the oystercatcher population
(Cornell University 2017c).

As with other shorebirds, severe weather and extreme tidal events account for some of the variation in
nesting success of American oystercatchers. From 2014 to 2019, seven named storm events impacted the
Seashore. Of those events, only Hurricane Arthur (2014) definitively caused adverse effects to American
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oystercatchers. The dynamic and unpredictable nature of storm events often has variable repercussions for
shorebirds. For example, Arthur destroyed a single oystercatcher nest (NPS 2017d), but other hurricanes,
such as Hurricane Isabel (2003), increased the available nesting habitat for shorebirds, leading to greater
nest success in subsequent years (Schulte and Simons 2016).

TABLE 15. CAUSES OF AMERICAN OYSTERCATCHER NEST MORTALITY AT CAPE HATTERAS NATIONAL SEASHORE

Eggs Lost to | Eggs Lostto | Eggs Lost to Eggs Lost to Estimated
Year Overwash | Predation | Abandonment | Unknown Causes | Total Egg Loss
2014 2 15 3 0 20
2015 3 8 4 9 24
2016 4 13 2 9 28
2017 11 15 4 14 44
2018 0 10 2 10 22
Totals 20 61 15 42 138

Source: NPS 2017c, 2018g, 20179, 2018c, 2019¢c

Wilson’s Plover

Wilson’s plover is not listed under the ESA, but it is federally protected under the MBTA. It is listed as a
special concern species in North Carolina. Wilson’s plovers inhabit sparsely vegetated coastal areas,
including beaches, sand bars, barrier and dredge spoil islands, lagoons, tidal mudflats, and river mouths
where fiddler crabs, their main food source, occur. North Carolina is near the northern extent of the range of
Wilson’s plover.

Wilson’s plovers build nests in areas with open to dense vegetation but prefer to nest on sparsely vegetated
sites. They nest in groups, often with terns and other shorebirds (LeGrand 2020a). Wilson’s plover nesting
and fledging numbers for the years of 2014 to 2018 are provided intable 12. Wilson’s plover nesting
activity at the Seashore has remained low, with zero to three nests recorded each year and no fledged
chicks in any year from 2014 to 2018 (NPS 2017h, 2017i, 2017c, 2018c, 2019c).

Potential Threats

Nesting habitat for Wilson’s plover is similar to that of piping plover and other shorebird species. Similar
impacts occur from habitat destruction, severe weather, predation, anthropogenic disturbance, and
reduction in forage availability (NPS 2017a).

Colonial Shorebirds

State-protected colonial shorebird species at the Seashore include gull-billed terns, least terns, common
terns, and black skimmers. These species nest in large colonies and obtain their food primarily fromthe
water. Due to similarities in behavior and habitat use, NPS staff monitor these species simultaneously to
determine abundance and location of nesting pairs at the Seashore. Threats to these shorebirds are the
same for all four species and are discussed below.
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NPS staff establish pre-nesting closures at the Seashore (excluding Pea Island NWR) in April for
locations where nesting had occurred within the last five years and in suitable habitat recently created by
storms or tidal overwash. At the Seashore, active colonies are identified during regular walkthroughs and
protected with barriers during the breeding season. Shorebird colonies are defined as areas with two or
more nests within 200 meters. Colony buffers differ by species based on breeding behavior. Least terns
receive a 100-meter buffer for breeding behavior, nests, and unfledged chicks. A 180-meter buffer is
applied to breeding behavior, nests, and unfledged chicks for all other colonial shorebirds. These buffers
are applied to the outermost resource (e.g., nest, fledgling, and scrape). Once buffers are established, NPS
staff conduct abundance surveys at least twice daily. Additionally, at least two walkthrough surveys were
conducted during peak nesting (June) to more accurately collect data on the colony. FWS uses different
strategies to administer closures and surveys for nesting colonial shorebirds on the Pea Island NWR
portion of the Seashore.

Nesting Habitat

Colonial shorebirds nest on open beaches, sand spits, sea wrack in marshes, and shell or gravel bars on
relatively undisturbed islands (Cornell University 2017a). They dig shallow depressions that are
occasionally lined with beach materials such as shells and pebbles. Under ideal circumstances, shorebird
nesting locations exclude terrestrial predators and allow colonial shorebirds to nest in the open without
risking nest predation (Florida Audubon Society 2016). By nesting in large colonies in these habitats,
shorebirds are capable of detecting and defending against predators, such as gulls, crows, and small
mammals (Cornell University 2017b).

The NPS determines critical nesting habitat based on the areas where colonial shorebirds have nested
during the previous five years (NPS 2017d, 2017e, 2017c, 2018c, 2019c). Disturbance of colonial
shorebird habitat can result in lower chance of recolonization in the future, and birds react similarly to
disturbances in areas surrounding the colony. For this reason, NPS staff establish buffers around
shorebird colonies to avoid disruption of nesting activities. Another factor that influences nesting habitat
quality is the proximity of the colony to food sources and disturbance within surrounding areas. Foraging
is a constant need for nesting shorebirds, and they cannot use habitats if they will require high energy
expenditures to reach foraging grounds.

Colonial Shorebird Species

Black Skimmer

The black skimmer is not federally threatened or endangered, but it is federally protected under the MBTA. In

North Carolina, the black skimmer is listed as a special concern species. They occur at the Seashore primarily

during nesting season when they breed and raise young (Cornell University 2017b). To feed, skimmers use the
lower mandible of their bills to skim the surface of the water for small fish and invertebrates.

The NPS includes skimmers in the shorebird monitoring program. The number of black skimmer nests and
chicks fledged within the Seashore from 2014 through 2018 is provided in table 12. Black skimmer nesting
activity within the Seashore increased from 95 nests and 59 fledged chicks in 2014 to 368 nests and 116
fledged chicks in 2018 (NPS 2017d, 2017e, 2017c, 2018c, 2019c). Black skimmers share many of the same
threats as other shorebirds including habitat loss and nest predation (NPS 2017¢). Skimmers are also a
disturbance sensitive species, and anthropogenic noise can lead to nest abandonment (Burger et al. 2010).
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Common Tern

The common tern is not federally listed under the ESA, but it is federally protected under the MBTA. It is
also listed as a special concern species in North Carolina due to continued disturbance of nesting sites
along the coast. Common terns are the most widespread tern species of North America. However,
breeding populations along the coast have severely decreased within the last 40 years (LeGrand 2020d).
Common terns typically forage by hovering over the water and diving for prey species below the surface.

Breeding areas for common terns include beaches along the Atlantic coast from Canada to North
Carolina, including the Seashore. At the Seashore, these terns typically occur from April through October,
and the Seashore is a traditional nesting site. Common tern nesting is included in the shorebird monitoring
program conducted by NPS. Common tern nests and chicks fledged within the Seashore from 2014
through 2018 is provided in table 12. Numbers of common tern nests have increased from 38 and 16 in
2014 and 2015, respectively, to between 72 and 91 in 2016, 2017, and 2018. Common tern fledged chick
numbers have generally followed the same trend, increasing from 2 in 2014 to 12 in 2018. In 2016, NPS
staff documented a total of 42 fledged chicks, but this appears to be an outlier year (NPS 2017d, 2017e,
2017c, 2018c, 2019c).

Gull-billed Tern

The gull-billed tern is not federally threatened or endangered, but it is listed as threatened in North
Carolina. Itis also federally protected under the MBTA. Gull-billed terns breed during the summer
months along the Gulf coast from Mexico to Florida and from Florida to New Jersey along the Atlantic
Coast, including the Seashore. Nesting habitat requirements are non-specific, and they nest on materials
ranging from deposited wrack material to open sand to silty-clay soils (Molina et al. 2010). These habitats
can occur on open sandy beaches, dredge-spoil islands, overwash fans, shell ridges, and marsh islands. At
the Seashore, nesting gull-billed terns occurred only on the south point of Ocracoke Island during the
2014 to 2018 nesting seasons.

Gull-billed terns have a broad diet that is not dependent on fish. Unlike most terns, it feeds on insects,
small crabs, and other small invertebrates, found in the wet beach environment, on mudflats, in tidal
marshes, or in upland areas (Cornell University 2017a). These feeding habits may make it less susceptible
to beach nourishment as long as both benthic and terrestrial macroinvertebrates are not affected
simultaneously by the placement of sediment.

Gull-billed terns are common at the Seashore from mid-May through July when they breed, build nests, and
fledge their young. By November, the terns have departed from the North Carolina coast, and they begin to
return each year in March. The numbers of gull-billed tern nests and chicks fledged within the Seashore
from 2014 through 2018 is provided in table 12, and they have, in general, increased from 2014 (1 nest and
0 fledged chicks) to 2018 (50 nests and 10 fledged chicks) (NPS 2017d, 2017e, 2017c, 2018c, 2019c).

Least Tern

The least tern is not federally threatened or endangered, but it is federally protected under the MBTA. It is
listed as special concern species in North Carolina due to continued disturbance of nesting sites along the
coast. The least tern feeds primarily on small freshwater and saltwater fish in open ocean habitats where it
can locate prey visually and capture it by diving into the water. Least terns also forage on small
crustaceans and insects found in the wet beach or mud flat environments. They build their nests on sandy
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or gravelly beaches or along wide, sandy riverbanks and lake shores, and they may even use flat gravel
rooftops as nesting sites in developed areas (Cowgill 1989).

At the Seashore, least terns begin to arrive in early April and are abundant from May through August. By
the end of September, very few remain until the following breeding season. The numbers of least tern
nests and chicks fledged within the Seashore from 2014 through 2018 is provided in table 12. Least tern
nest numbers have varied dramatically, ranging from 469 (2014) to 189 (2017) to 475 (2018). The
number of least tern fledged chicks has dropped significantly since 2014 when 134 individuals fledged.
Fledged chick numbers decreased to 26, 30, 17, and 15 in 2015, 2016, 2017, and 2018, respectively (NPS
2017d, 2017e, 2017c, 2018c, 2019c).

Potential Threats to Colonial Shorebirds

Predation

Many species predate shorebird nests because eggs and chicks are easy prey for numerous predator
species on the Seashore (Cuthbert et al. 2003). Ghost crabs, foxes, raccoons, gulls, crows, coyote,
possum, feral cats, and minks have all been observed predating shorebird nests (NPS 2017c, 2017d,
2017e, 2018c, 2019c¢). Currently, NPS manages predators under the Southeast Region Coastal Species of
Concern Predation Management Plan (NPS 2017c, 2017d, 2017e).

Coastal Land Development

Habitat loss due to development is a threat to common tern (Cuthbert et al.2003) and least tern (Cowgill
1989), as well as most other shorebird species. Coastal land development affects nesting and foraging
species throughout their range by reducing habitat availability and habitat quality. Some shorebirds have
adapted to nest in alternative areas within developed habitats. Least terns, common terns, and black
skimmers will nest on flat gravel rooftops in portions of North Carolina (Cameron 2008), but habitat still
needs to be close enough to the coast to allow foraging.

Climate Change/Severe Weather

Increased frequency of severe weather events is a result of climate change that may affect the nesting
success of colonial shorebirds. From 2014 to 2018, seven named storm events impacted the Seashore. Of
those events, only Hurricane Arthur was definitively linked to adverse effects on shorebirds, and nests
located close to the water during the hurricane were prone to disruption and loss (NPS 2017d). The
dynamic and unpredictable nature of storm events impacts shorebirds in various ways. Hurricane Arthur
flooded and destroyed active shorebird nests, while other hurricanes, such as Hurricane Isabel in 2003,
increased the available nesting habitat for shorebirds and may have led to greater nest success in
subsequent years (NPS 2010a). Relative sea-level rise can change the rate of sediment transport along
coastal beaches. It is unclear how relative sea-level rise impacts colonial shorebirds, but small islands and
other key habitats could disappear as waters rise, especially in areas where development alters natural
sediment transport and prevents migration of shorebird habitat along the coast.

Beach Sand Placement

Beach sand placement has been shown to alter some physical characteristics of beaches that are important
for certain shorebird species such as the piping plover. However, given that colonial shorebirds use a
variety of habitats for nesting, it is likely that the effects of beach sand placement would be diffuse so
long as active nests were not buried during the process.
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STRUCTURES AND INFRASTRUCTURE

The Seashore encompasses more than 67 miles of coastline spanning two counties: Dare County to the
north and Hyde County to the south. The Seashore property encompasses a mix of land uses with villages,
residences, commercial uses, tourist attractions, and nationally important resources existing within and
adjacent to NPS managed areas (see figure 2 in appendix A). The NPS owns the beach area in front of
villages within the Seashore; the Seashore boundaries include the ocean side beaches to the mean low
water line and Oregon Inlet, and they extend 150 ft into Pamlico Sound from the mean low water line on
the west side of the islands. Structures and infrastructure within the Seashore are essential elements of
public health and safety, visitor use, resident access and experience, and socioeconomics. These topics are
discussed in more detail below.

Public Health and Safety

NC 12 is a two-lane road spanning the study area for approximately 77 miles as part of the Outer Banks
Scenic Byway. NC 12 is critical for the health and safety of communities up and down the Seashore
because it is the primary access route for supplies, service personnel, visitors, and government business
along the Seashore. This highway provides access to food, water, transportation, and shelter for local
communities and visitors. NC 12 provides emergency access to hospitals in Nags Head and Manteo, as
well as access for local fire and police and other first responders. Driving from the southern end of
Hatteras Island to the nearest hospitals takes about 1.25 hours in normal traffic conditions, and NC 12 is
the only roadway available for approximately 60 miles of that drive, making it a critical route. At the
north end of Hatteras Island, along this route, NC 12 travels across Oregon Inlet over the Basnight Bridge.
From Ocracoke Island, residents or visitors seeking emergency medical services would need to take the
Ocracoke Ferry to Hatteras, adding approximately an hour to the trip. A 2.5-hour ferry to Cedar Island or
3-hour ferry to Swan Quarter, NC are also available; access to medical facilities requires additional travel
time after the ferry lands.

Visitor Use and Resident Access and Experience

In 2019, there were 2,606,632 visitors to the Seashore, according to 2019 visitation statistics (NPS
2020a). There has been an upward trend in visitation since 2014, when 2,153,350 people visited the
Seashore, followed by 2,274,635 visitors in 2015; 2,411,711 visitors in 2016; 2,433,703 visitors in 2017;
and 2,591,056 visitors in 2018 (NPS 2019a). Visitors and residents access approximately 67 miles of
ocean beaches between Bodie Island and Ocracoke, including long sections of Seashore beaches which
front the communities on Hatteras Island. Residents rely on NC 12 to access the Seashore and their
communities within it; smaller roadways off of NC 12 provide local access to residences and businesses.
Occasionally, NC 12 is flooded or damaged and must be closed entirely or is impassible in certain
locations. Between 2013-2020, this occurred 74 times at the Seashore, and 159 times at or near the
Seashore (NCDOT, Williams, pers. comm., 2020).

The area of likely sediment management activities contains many points of visitor and resident access to
Seashore attractions such as beaches, day-use areas, and the Bodie Island Lighthouse. In addition to five
day-use areas which provide facilities such as restrooms, showers, and parking, there are also 23 public
parking lots where visitors can park and access the beaches via access ramps (NPS 2018b). At these day-
use areas, beach visitors enjoy a range of day activities, including sunbathing, beach combing, surfing,
surf fishing, wildlife viewing, and photography. Some of the more popular visitor access areas are the
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Haulover Day Use Parking Area and the lighthouse parking areas, including the Cape Hatteras
Lighthouse and Bodie Island Lighthouse Visitor Centers. Coquina Day Use, Frisco Day Use and
Ocracoke Day Use areas are also very popular all summer long. There are also four campgrounds, at
Oregon Inlet, Cape Hatteras, Frisco, and Ocracoke, with 585 total sites and some hook-up access. Visitor
use in the areas of likely sediment management activities also includes areas where ORV access is
permitted. Permits are available for ORV use along 29 miles of designated routes in the Seashore,
illustrated on figure 24 in appendix A. Visitor activities in the Pamlico Sound portion of the study area
include family activities such as crabbing, as well as more active pursuits such as canoeing/kayaking and
kiteboarding. Access points for these activities include Pea Island Launch, Salvo Day Use Area, Haulover
Day Use Area, and access at the end of NC 12 in Ocracoke Village.

Socioeconomics

Dare County, the more populous of the two counties that encompass the Seashore, is a leading tourism
destination on North Carolina’s coast, and tourism is Dare County’s main industry (NC State University
2016). Hatteras Island is a large contributor to the county’s revenues. According to North Carolina
Department of Commerce tourism data, visitor spending in Dare County amounted to $1.19 billionin 2018,
resulting in $56.34 million and $53.60 million in state and local tax revenues, respectively (Visit North
Carolina 2019). The communities and businesses on Hatteras Island account for roughly 20% of the Dare
County total revenues.

The total population of Dare County was 35,412 in 2017, a 4.4% increase over the 2010 population of
33,920. The tax base in Dare County also grew by 1.36% in 2019. Projected revenue from property taxes
for 2020 is $63.52 million (County of Dare North Carolina 2019). Dare County collects a 6% Occupancy
Tax on gross receipts derived from room rentals, lodging, and campsite rentals. It also collects a 1% tax
on food and beverages served. Revenue from the Occupancy and Food and Beverage Tax is used toward
emergency services; tourist-related services including tourism promotion and refuse and solid waste
disposal; and beach nourishment. These tax revenues can be impacted by extreme weather events and
other emergencies in the area. Communities in Dare County include Rodanthe, Waves, Salvo, Avon,
Buxton, Frisco, and Hatteras. In 2017, the total population of these communities was approximately
3,780. There are approximately 5,399 housing units within these communities, with median home values
ranging from $263,300 in Avon to $393,800 in Hatteras.

Hyde County, located to the south of Dare County, encompasses the portion of the Seashore from
Hatteras Inlet to Ocracoke Inlet. Though less populated than Dare County (with a total population of
5,507 in 2017), Hyde County also relies heavily on economic activity generated through tourism,
including home rentals, hotel visitation, food and beverage services, and recreational activities such as
ORV use, surfing, fishing, surf fishing, and boating. There were $39.26 million in visitor expenditures in
Hyde County in 2018, resulting in $1.84 and $2.16 million in state and local tax revenues, respectively. In
2017, Ocracoke had a permanent population of 404, and 886 housing units, many of which are only
occupied seasonally (Visit North Carolina 2019).

Hyde County revenues include revenues from a 5% Occupancy Tax for Ocracoke (a separate Occupancy

Tax is applied to the mainland area of the county). Ocracoke Occupancy Tax revenue is estimated at
$550,000 for the 2020 fiscal year, or 3.3% of total revenues for the county. This tax is derived from hotel,
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room, lodging, and campsite rentals. Unlike Dare County, property tax revenues have decreased in Hyde
County in recent years, putting a strain on current service provision.

Ocracoke Island has a water plant located at 159 Water Plant Road. The Ocracoke Island Airport isa
public airport within the Seashore located on the eastern side of Ocracoke Island and owned by the NPS
and operated by NCDOT. Ocracoke can also be reached by ferry.

An NPS study on visitor spending effects reported that the nearly 2.6 million visitors to the Seashore in
2019 spent more than $168 million in communities in and around the Seashore. This spending supported
approximately 2,422 jobs in the local area and had a cumulative benefit to the local economy of
approximately $211 million (NPS 2020a). Total visitor spending in Dare and Hyde counties combined
supported close to 14,000 jobs, which represent an estimated payroll of $271 million, contributing to total
state and local taxes generated (Visit North Carolina 2019).

Smaller roadways off of NC 12 provide local access to residences and businesses. NCDOT’s current State
Transportation Improvement Program (STIP), last updated in September 2019, outlines the agency’s ten-
year capital improvement plan from 2020 to 2029. According to the STIP, major infrastructure
improvements along NC 12 would include demolition of the Herbert C. Bonner Bridge over Oregon Inlet,
which was replaced by the Basnight Bridge, and other NC 12 improvements in Dare County, as well as
certain wayfinding and dock improvements to support ferry service from Hatteras ferry dock to Ocracoke
ferry dock (NCDOT 2019d). Costs associated with NC 12 and other roadway repairs and improvements
are also incurred after major storm events and emergencies, including most recently following Hurricane
Dorian in 2019.
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CHAPTER 4: ENVIRONMENTAL CONSEQUENCES

INTRODUCTION

This chapter analyzes the beneficial and adverse impacts that would likely result from implementing any
of the alternatives considered in this DEIS. The resource topics presented in this chapter correspond to the
descriptions of existing conditions in chapter 3. As required by the CEQ regulations implementing NEPA,
this chapter provides a comparison of the environmental consequences for each alternative.

GENERAL ANALYSIS APPROACH

The following analysis evaluates direct, indirect, and cumulative impacts on the natural and human
environment (i.e., physical, natural, cultural, and socioeconomic resources) from the implementation of
the alternatives. A factual description of the direct and indirect impacts provides the reader with an
understanding of how the current condition of a resource (as described in chapter 3) would likely change
as a result of implementing the alternatives. The approach includes the following elements:
®  Focusing the analysis to the greatest extent possible on management changes and associated
issues that could have measurable impacts on the resources or values being evaluated.
®  Using general analysis methods and assumptions that follow CEQ and US DOI regulations,
policy, and guidance on NEPA implementation.

The potential for significant impacts from management activities are assessed and described in each issue topic
as applicable. The impacts analysis reflects the highest potential possible impact, which is unlikely to occur
due to permitting and budgeting constraints. As noted in chapter 2, emergency work by NCDOT may be
permitted while this EIS is under development. The following guiding assumptions were used for this analysis:

Analysis Period. The framework considers actions over a 20-year timeframe, as a reasonable planning horizon.

Analysis Area. The analysis generally applies to the entire Seashore, as well as some areas outside of the
Seashore, as specific project locations are not known at this time. While the NPS and its cooperators have
identified areas of likely sediment management (as shown on figures 3 and 4 in appendix A), projects may
occur outside of these areas if conditions warrant, under emergency circumstances, or a special use permit is
requested. Generally, the analysis focuses on the following areas:
®  The ocean side beach consisting of the sand dunes at the inland side of the beach, the dry beach
environment located above mean high water, the wet beach environment located between mean high
water and mean low water, and nearshore subtidal habitats.
= The sound side habitat area including shallow estuarine waters, tidal marshes, mud flats, sand bars
and sandy bottom areas, submerged aquatic vegetation (SAV), and some sand beaches.
= The habitats adjacent to inlet channels including sandy beaches, sand bars, and channels. The channels
were initially created naturally, and regular dredging attempts to maintain their current depths.
= The offshore bottom habitats consisting of sandy shoals offshore of the Seashore on the ocean side
from which sand would be dredged for use in sediment management activities. These areas could be
located within state or federal waters and may be up to 60 ft in depth. Specific areas used for
dredging would be subject to project-specific planning and permitting by USACE and/or BOEM.
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This analysis may be applied along the length of the Atlantic shoreline of the Seashore and adjacent
submerged habitat unless otherwise specified. Areas of likely sediment management along the Pamlico
Sound are shown on the map (figures 3 and 4 in appendix A) and the impact analysis could only be
applied elsewhere along the sound side after review by the NPS to ensure conditions are similar to those
described in chapter 3. Examples of areas where habitat restoration may occur include the south end of
Hatteras Island and Green Island in Oregon Inlet, as these are areas where erosion has caused
considerable loss of wildlife foraging and nesting habitats.

Offshore, appropriate areas for dredging were considered widely based upon BOEM’s MMIS
(https://mmis.doi.gov/BOEMMMIS)/), as well as the USACE South Atlantic Coastal Study Sand
Availability and Needs Determination (USACE 2020a, 2020b). Each of these initiatives maintains a
record of recognized sand resources off the coast between Oregon and Ocracoke Inlets. Specific areas to
be used for dredging would be subject to project-specific selection as described for alternative B, and
analysis of offshore impacts would be reserved until sites are identified for individual projects. Potential
borrow areas as noted in the USACE South Atlantic Coastal Study Sand Availability and Needs
Determination are shown on figures 11-13 in appendix A.

CUMULATIVE IMPACTS

Cumulative impacts are defined as “the impact on the environment which results from the incremental
impact of the action when added to other past, present, or reasonably foreseeable future actions regardless
of what agency (federal or nonfederal) or person undertakes such other actions” (§ 40 CFR 1508.7).

Cumulative impacts are determined for each impact topic by combining the impacts of the alternative being
analyzed and other past, present, and reasonably foreseeable actions that also would result in beneficial or
adverse impacts. Cumulative impacts are considered for all alternatives, including alternative A. Following
CEQ guidance, past actions were included, “to the extent that they are relevant and useful in analyzing
whether the reasonably foreseeable effects of the agency proposal for the actions and its alternatives may
have a continuing, additive, and significant relationship to those effects” (CEQ 2005).

Cumulative Scenario

Past projects or plans with ongoing effects and reasonably foreseeable future projects and plans were
identified by an interdisciplinary team to provide the cumulative impacts scenario. Similar to the analysis of
impacts of the alternatives, the cumulative impacts analysis focuses on cumulative actions within the
analysis area, but also includes actions within the surrounding region as they apply to specific impact topics.

Past Beach Nourishment Activities. During the past decade, four large-scale beach nourishment projects
have been conducted at or near the Seashore:
®  Nags Head in 2011 and 2019 (placing approximately 4.6 million cy of sand in 2011 and
4 million cy in 2019, over 10 miles of shoreline) (The Outer Banks Voice 2019);
®  Rodanthe-Pea Island NWR in 2014 (approximately 2 miles of shoreline); and
= Buxton from summer 2017 to spring 2018 (approximately 3 miles of shoreline)
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In total, these nourishment activities amount to approximately 15 miles of shoreline (CSE 2015; The
Outer Banks Voice 2019). The borrow areas for these projects have varied. Following storm events,
emergency repair and nourishment activities occur on an as needed basis.

Channel Dredging and Dredge Disposal. During the past decade, several dredge disposal projects at
Oregon Inlet have been conducted, impacting areas adjacent to navigational channels within the inlet as well
as approximately 2 miles of the Pea Island NWR portion of the Seashore south of Oregon Inlet. In
December 2019, USACE issued a Standard Permit (with special conditions) to Dare County for year-round
dredging of Oregon Inlet and its associated inlets (USACE 2020c). In June 2020, NPS signed the Finding of
No Significant Impact: Dredging of Oregon Inlet with Dare County Dredge decision document to issue the
county a SUP for this action (NPS 2020c). Dare County commissioners approved a dredge contract inthe
spring of 2019, which involves a private partner designing, constructing, and operating a dredge to clear and
maintain Oregon and Hatteras Inlets for 340 days/year over the next 10 years in the same manner and
location as USACE currently maintains the channel (Coastal Review Online 2019a).

The channel dredging and dredge disposal activities that have occurred on the Pea Island NWR portion
of the Seashore took place with the use of an ocean-going pipeline dredge. Dredged material was
pumped onto the refuge beach via a pipeline in a “node/internode” fashion creating a scalloped pattern
of dredged material placement with areas of dredged material (node) adjacent to areas without dredged
material (internode). This dredge disposal method resulted in the internode areas being free of dredge
disposal material, which allowed these areas to serve as a source of benthic invertebrate life available to
quickly recolonize the adjacent node areas where the dredge disposal material had been placed.

In August 2019, a project was completed to dredge an emergency ferry channel between Rodanthe and
Stumpy Point, to provide an emergency evacuation route during severe weather (Coastal Review Online
2019b). Dredging this channel provides deeper waters for ferries to operate, in case of NC 12 road
closures (Coastal Review Online 2019b).

In 2018, Rollinson Channel was maintained by pipeline dredge, with material placed on Cora June Island.
This is a straight narrow channel pointing northwest from Hatteras village to a few miles into Pamlico
Sound. Dredging projects are anticipated for the Sloop Channel (which runs along the western side of
Hatteras Inlet) and the South Dock Ferry Basin (USACE, Hughes, personal communication, 2020d). The
Sloop Channel is maintained by the NCDOT Ferry Division; currently, a permit request is on hold due to
funding needs for archeological studies (USACE, Hughes, personal communication, 2020d).

Roadway Improvements. Roadway improvement projects include the Bonner Bridge replacement
project (now “Basnight Bridge™), Phase 1 of which was completed in February 2019 by the NCDOT. This
bridge crosses Oregon Inlet, connecting Bodie Island and Hatteras Island. It provides important access for
residents and tourists alike, not only to the Seashore, but to emergency services and other important
amenities on the North Carolina mainland (HDR, Inc. 2019). Furthermore, the bridge serves as a critical
evacuation route during severe weather (HDR, Inc. 2019). Most of the former Bonner Bridge has been
dismantled and moved offshore to create artificial reefs for marine life (HDR, Inc. 2019). The second
phase of this project includes constructing the NC 12 Rodanthe Bridge from the southern end of the Pea
Island NWR portion of the Seashore over Pamlico Sound into Rodanthe (NCDOT 2019c¢). The purpose of
this project is to provide a long-term solution to frequent breaches caused by storms, which deteriorate
NC 12 along nearby “S-curves” (NCDOT 2019c). This elevated 2.4-mile bridge design would help
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protect the ocean shoreline and Rodanthe community while maintaining access for residents and visitors
(NCDOT 2018). This bridge project will also allow natural processes, such as ocean over wash and
subsequent sedimentation, to occur along with the formation of suitable bird nesting habitat. The project
is expected to be completed in late 2020/early 2021 and, once completed, portions of NC 12 are
anticipated to be maintained, while the road at the Pea Island NWR portion of the Seashore would be
removed and the land returned to the refuge (NCDOT 2018). The section of NC 12 that is in between Pea
Island and Rodanthe will also be removed from within Seashore boundaries and the land returned to NPS.

Use of Sand Bags on Private Property. Placement of sand bags on lands under jurisdiction of the
Seashore requires NPS approval and is included in alternatives B and C, as described in chapter 2.
However, small-scale use of sand bags on private property may take place without Seashore approval, and
is therefore included in the cumulative scenario.

Predation Management for Coastal Species of Concern. InFebruary 2019, NPS approved a Coastal
Species of Concern Predation Management Plan for coastal park units in the NPS South Atlantic Gulf
Region, including the Seashore (NPS 2019b). Under this plan, predators that have been observed
depredating or have the potential to depredate coastal species of concern may be targeted for removal. After
identifying target predators, park staff will use the most effective and humane tools and methods available to
deter or remove predators. The plan allows for both lethal and nonlethal methods of control (NPS 2019Db).

Off-Road Vehicle Management. In 2012, the NPS published a final rule for managing ORV use and
access at the Seashore (note that ORV use is prohibited within the Pea Island NWR portion of the
Seashore) and in 2015, prepared an environmental assessment and Finding of No Significant Impact to
modify wildlife buffers under the context of this plan. The National Defense Authorization Act isa
special regulation that governs ORV use at the Seashore. This act required the consideration of three
modifications: (1) morning opening of beaches that are closed to ORV use at night, (2) extending the
seasonal ORV routes for additional periods in the spring and fall, and (3) the size and location of vehicle-
free areas. Under this rule, ORV routes were officially designated, including year-round routes, seasonal
routes, and night-restricted routes. Seasonal and night-restricted routes are closed to ORVs during periods
of high pedestrian use and/or during breeding/nesting season of sensitive bird and turtle species. ORV
permittees are required to pay a fee and are provided with educational materials about sensitive bird and
turtle nesting activities. Year-round vehicle-free areas were also designated (NPS 2010a and 2016b).

LITTORAL PROCESSES AND BARRIER ISLAND MORPHOLOGY

Methodology for Analyzing Impacts

The analysis of potential impacts on littoral processes and barrier island morphology as a result of
proposed sediment management activities is focused on potential direct, indirect, and cumulative impacts
of manipulating large quantities (i.e., millions of cubic yards) of sediment in order to mitigate impacts
from erosion as well as relative sea-level rise. Impacts are not characterized as beneficial or adverse
because there is a debate among scientists as to which is preferable for the Seashore, its resources,
infrastructure, and communities. Whether sediment management activities are beneficial or adverse for
littoral processes and barrier island morphology depends on whether there is a preference for a system
more influenced by barrier island processes, or a system engineered to provide temporary shoreline
stabilization while other alternatives are evaluated. This analysis is based on a review of existing data for
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the Outer Banks and shorelines in similar morphological settings, previous project experience along the
Outer Banks, and relevant scientific literature. Qualitative descriptions of phenomena and potential
impacts are based on professional judgment, while quantitative parameters are offered when available.
Prior to any individual sediment management project, site-specific design may be subject to project-
specific permitting by the USACE.

Impact Analysis

Alternative A (No-Action Alternative)

Under alternative A, NPS would not permit beach nourishment or other sediment management activities
by other entities and would not conduct its own sediment management actions within Seashore
boundaries. However, other entities might still engage in beach nourishment and other sediment
management actions outside Seashore boundaries, as acknowledged under the “Cumulative Impacts”
section below. Because of the interconnected nature of barrier island chains like those within the
Seashore, these activities would almost certainly have some effect on the littoral processes and barrier
island morphology of the Seashore itself. Because the scope and location of such activities is unknown,
the analysis of alternative A instead focuses on the incremental effects of erosion, overwashes and
breaches generally, as well as relative sea-level rise.

Relative sea-level rise rates along the Seashore are approximately 0.2 in per year, as measured at the Oregon
Inlet observation station (NOAA 2020b). Rising sea levels increase the potential for inundation along the
sound side shorelines and enhance the potential for dune erosion and overwash during storm events
(Sallenger 2000).

Erosion rates are expected to continue as observed over the past century or so. Losses up to or exceeding
10 ft per year would be anticipated along portions of the ocean-facing Seashore (CSE 2015), resulting in
the loss of millions of cubic yards of beach sand over the course of the framework (approximately 67
miles of beach, losing approximately 5 to 10 ft per year over 20 years is equivalent to 35 to 70 million
cy). Although this is below the total amount of sediment possibly placed under alternative B, it is
common for erosion mitigation projects (and particularly beach nourishment) to include an “overfill”
volume to account for any unexpected changes in conditions over the lifetime of the project. Under
alternative A, this could cause continued narrowing of the island, particularly in areas already facing
ocean side shoreline recession like Rodanthe, Avon, Ocracoke, and Buxton. Narrowing of the beach itself
would lead to more frequent wave attack on the foredune and more frequent island breaches.

The Outer Banks are also susceptible to sound side erosion, so a lack of sediment management along the
that shoreline would also likely result in continued erosion and potential breaching. Historical studies of
shoreline change along Hatteras Island have shown while the beach along the ocean side has receded
hundreds of feet over the past approximately 200 years, the sound side shoreline has remained in roughly
the same position generally shifted at a far slower rate (Riggs et al. 2009; Mallinson et al. 2008; Riggs et
al. 1995). This distinction is because ocean facing beaches are subject to high-energy waves and wind and
can be ‘reworked’ into a more landward position with a decrease in sediment supply or increase in sea
levels. Sound side shorelines, however, do not have the same capacity to regenerate as rapidly because of
the lower rates of sediment transport.
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Under alternative A, breach fills would not occur. There have been several notable breaches on the Outer
Banks in the past two decades including Hurricane Isabel (2003), Hurricane Dorian (2019), and a number
of powerful nor’easter storms. There have been approximately 30 inlets opened and closed along the
Outer Banks in the last approximately 400 years (NPS 2015c). Whether or not these breaches close
naturally and how long that may take depends upon the tidal prism moving through the connection with
the ocean. Under alternative A, these breaches may remain vulnerable to repeat breaching for years
(Houser and Hamilton 2009; Mallinson et al. 2005).

Simple barrier islands such as those along mast of the Outer Banks, are dependent upon storm overwash to
build island elevation and width, a critical process for the health and evolution of the islands (Smith et al.
2008). Relative minor surge produces small-scale overwash fans on the ocean side and middle portions of the
barrier island (Riggs et al. 2009). Large storm events with feet of water overtopping the island dunes resultin
large, arc-shaped overwash depasits that bury the back-barrier marshes and can occasionally build shallow
shoals extending into the sound. As mentioned above, storm surge and waves can also create inlets through
the barrier island that allow the interchange of brackish water and ocean water. These inlets construct
extensive flood-tide deltas on the sound side of the barrier islands and ebb-tide deltas on the ocean side. The
flood-tide delta shoals are essential for building back-barrier island width. With time, under alternative A, the
overwash process may deposit sediment that assists in closing the inlet, builds elevation and becomes
vegetated. Also, with time, the flood-tide inlet shoals may become vegetated, developing a back-barrier
platform marsh (Riggs et al. 2009). Overwash fan deposits from recent storm surges can be observed along
the elevated portion of NC 12 between Rodanthe and the Pea Island NWR portion of the Seashore.

Any eroding shoreline draws sediment off adjacent shorelines (Dean 2002; Kamphuis 2010; Davidson-
Arnott 2010). As a result, portions of the Seashore experiencing shoreline recession in excess of 10 ft per
year would likely spread over time without the addition of nourishment sand into the beach system.
Increases in the rate of relative sea-level rise projected through the 21st century may cause more frequent
overwash, increasing the possibility of rapid erosion (Leatherman et al. 2000; Cooper et al. 2019; NOAA
2019b; Cooper et al. 2016). This would likely trigger a likewise decrease in the land area of some portions
of the Seashore (NPS 2015c; Moore et al. 2010; Gutierrez et al. 2009; Culver et al. 2008; Mallinson et al.
2008; Moore et al. 2007).

Cumulative Impacts

Portions of the Seashore have been modified repeatedly by sand scraping, dune construction, breach
closures, shoreline stabilization via hardened structures, and emergency armoring via sand bags (Riggs et
al. 2009; Riggs et al. 2011; NPS 2015c). Past large-scale beach nourishment projects at the Seashore have
added millions of cubic yards of sediment to the barrier islands. Nourishment projects along the Seashore
since 2010 have occurred at Rodanthe (2014, 1.6 million cy) and Buxton (2017, 2.6 million cy).
Elsewhere along the Outer Banks near the Seashore, Nags Head has sponsored nourishment twice since
2010 (2011, 4.6 million cy; 2019, 4.0 million cy). Combined, these projects have collectively added up to
12.8 million cy of beachfront area in and around their project areas. This additional area offsets erosion
losses of a similar magnitude, over the same period.

Many of these actions, including emergency measures following storm events, could impact natural
littoral processes because they often produce abrupt changes to existing morphology (scraping and

bulldozing) or introduce surfaces that reflect wave energy that were not otherwise present (sand bag
revetments). For instance, property owners near the Seashore may continue to use sand bags around
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threatened structures. The ad hoc nature of these emergency actions, combined with increased pressures
from rising sea levels, would likely result in more adverse short- and long-term impacts to the Seashore.

In addition to the long history of sediment placement along the Seashore, near-regular dredging is utilized
in efforts to maintain navigation channels in Oregon Inlet, and periodic dredging occurs at Hatteras Inlet.
These practices generally disrupt the sediment bypass system between islands and the exchange of sediment
between the flood-tide and ebb-tide delta shoals (Riggs et al. 2009). In addition, removal of ebb-tide delta
and/or flood-tide delta sediment changes the geometry and dynamics of an inlet and modifies the natural
sediment budget. If enough sand is removed, it will affect the amount of channel migration and related
shoreline erosion on the adjacent barrier islands. Because Oregon and Hatteras Inlets are regularly dredged,
they are more positionally stable than under a scenario where dredging is not used to maintain
navigational channels. This would continue as part of alternative A.

Alternative A would result in little to no sediment placement along the Seashore and would allow natural
processes to continue. The Seashore and its surrounding areas have an extensive history of alteration and
manipulation by non-natural means (e.g., inlet dredging, dune building and stabilization, beach
nourishment, hardened shoreline structures) causing impacts to natural processes. Because natural
processes continue to be interrupted with ongoing effects, over the lifetime of this framework (i.e., 20
years), alternative A may lead to dune and marsh recession, possible barrier island breach(es), and
emergency measures such as beach scraping (to push sand into a protective berm) and sand bag
installation to protect property as well as NC 12. When the incremental impacts of alternative A are
combined with the impacts of past, present, and reasonably foreseeable actions, the overall cumulative
impacts on littoral processes and barrier island morphology would likely cause broad changes in the way
natural processes play out, with the added impacts of alternative A contributing most of these impacts.
Natural processes have been historically altered, and a discontinuation of sediment management activities
may impact the sediment budget of the area, causing new erosion and accretion patterns, loss of Seashore
land, and loss of potential habitat for foraging, resting, migrating, and nesting wildlife.

Conclusion

The Seashore and other Dare and Hyde County beaches are part of a continuous barrier-island system
extending along the 326-mile-long North Carolina coast. Barrier islands exist through the buildup of sand
by waves. Over recent geologic time scales, barrier islands would tend to migrate landward or disintegrate
under rising sea levels (Swift 1975). If the rate of sediment supply exceeds the rate of sediment losses
(erosion), and sea level fluctuates at low rates, barrier islands would be preserved and even build seaward
in some areas (Hayes and Michel 2008). If no new sediment is gained along the barrier islands and sea
levels rise, the volume of sediment on the visible portion of the barrier island would diminish.

Under alternative A, it is likely that future storm events coupled with relative sea-level rise would
continue erosional littoral processes and alter the footprint of the Seashore’s barrier islands. This, in turn,
would likely bring cascading effects on processes including inlet formation and stability, overwash
frequency, and dune growth. Compared to the current condition, if sediment management did not occur,
changes to littoral processes and barrier island morphology would be affected by relative sea-level rise
rates as measured across the region.

In conclusion, littoral processes and barrier island morphology would continue to evolve naturally, from a
previously modified and engineered system to a dynamic barrier island system with increased erosion,
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island narrowing, and increased overwash events. There is a debate among scientists as to which is
preferable for the Seashore, its resources, infrastructure, and those communities within the Seashore.
Whether this is beneficial or adverse for littoral processes and barrier island morphology depends on
whether there is a preference for a system more influenced by barrier island processes, or a system
engineered to provide temporary shoreline stabilization while other alternatives are evaluated.

Alternative B (Proposed Action / Preferred Alternative)

Under alternative B, NPS would permit sediment management activities such as oceanfront beach
nourishment, as well as sound habitat restoration, dune nourishment, and emergency actions such as
breach fill following storm events.

Beach Nourishment

One of the primary impacts of beach nourishment on littoral processes and barrier island morphology is the
rapid (relative to natural processes) introduction of large amounts (millions of cubic yards) of sand to a
beach system that, oftentimes, is experiencing chronic erosion. Under alternative B, the frequency of beach
nourishment events would likely increase within the Seashore; up to 6 miles of Seashore would be
nourished with up to 1.32 million cy of sediment per mile every 3 years. Additionally, NPS would retain an
option to nourish 6 additional miles of Seashore every 5 years in the event of a declared emergency. In order
to quantify and compare impacts from these activities, 13 miles (approximately 20%) of the Seashore would
be set aside as reference zones and not considered for sediment management activities (in all cases except
for emergencies); these zones would also be used for monitoring short- and long-term impacts.

There are cascading effects from this injection of sand on various processes and landforms. These impacts
are proportional to the size of nourishment volume for an individual project (e.g., larger volumes generate
more intense, widespread impacts [Dean 2002]). In some locations with nearshore reefs or hardbottom
habitats, burial with nourishment sand can create different patterns of sediment transport and deposition
than were in place pre-project (Greene 2002; Riggs et al. 1995; VVan Dolah et al. 1994). Pre-project
mapping of hard bottom habitats would help identify sensitive habitats so that dredge and fill operations
could avoid those areas. In the event of burial due to a dredging operation, these effects generally
decrease over time. Post-project monitoring of sediment quality and physical conditions may help future
projects minimize such impacts.

The sudden injection of thousands to millions of cubic yards of beach sand through nourishment can also
change the slope of the beach as compared to pre-project conditions (Dean 2002). Over time, the
nourished beach would gradually adjust back to its pre-project slope, so long as wave conditions and
sediment grain characteristics remain similar to pre-project conditions (de Schipper et al. 2012). This
process is known as “equilibration” of the beach profile and can occur in as little as a few weeks or as
long as multiple years. The ability of a nourished beach to equilibrate back to a state resembling pre-
project conditions is dependent on the wave climate and sediment characteristics of the nourishment sand
(Brutsche et al. 2015; de Schipper et al. 2012; Larson et al. 1999). Due to the variable nature of wave
conditions at many coastal sites, some studies have suggested the time required for equilibration is
dependent on storm energy during this period (Browder and Dean 2000; Dean and Campbell 1999). For
instance, it is not uncommon to see relatively rapid adjustment of a beach profile through an active fall-
and winter-storm season on the US Atlantic coast.
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Upon project completion, storm waves and winds would quickly shift some nourishment sand toward the
dune, as well as into deeper water. The resulting “equilibrated” profile would exhibit a narrower berm
(i.e., dry beach) on the backshore, as illustrated in figure 26 in appendix A. The berm width would vary
between approximately 150 ft and 350 ft according to the specific sand deficit and erosion rate at a
particular segment of beach. The area of beach face is expected to remain constant but be displaced
seaward after initial equilibration of the nourishment sand (see figure 26 in appendix A) (NC Coastal
Resources Law, Planning and Policy Center and NCDCM 2009).

Nourishment sand must also reasonably match the characteristics of the native beach sand in order to
allow for continued transport of the material into the adjacent dunes (Stauble 2005; Davidson-Arnott and
Law 1990). Nourishment sand that consists of finer material than the native beach would be transported
inland more easily, and coarser material would remain on the beach longer, under the same wind
conditions (see Bagnold 1941 for foundational discussions on wind-blown sand transport). This may
affect sediment delivery to the dunes and result in different types of dune morphologies along nourished
portions of the Seashore compared to pre-project conditions (Davidson-Arnott and Law 1996; Houser and
Mathew 2011; Pye 1983). If nourishment sand contains a significant portion of large shell fragments, this
can result in a coarse pavement of shells on the beach (known as a ‘lag deposit’) rather than sand.

The increase in beach volume following nourishment results in an increased delivery of sand to the
foredune system, provided wind energy is sufficient to move the grains placed on a nourished beach. In
the Outer Banks, this generally happens quicker than in more sheltered locations like Georgia (at the head
of the South Atlantic Bight). The ability of onshore winds to transport nourishment sand inland along the
Outer Banks was on display following the 2011 Nags Head nourishment, when engineered sand dunes
migrated freely into private residences and pools (CSE 2013b). The increase in dune volume can lead to
vertical accretion of the foredune ridge, which can cause narrowing of the beach over time (see discussion
in chapter 3 on past management efforts at dune building along the Seashore [Short and Hesp 1982]).

With increased dune accretion along nourished portions of the Seashore, natural patterns of overwash and
sound side deposition of beach sands during overwash events may be altered. Overwash and overwash
deposits are one of the ways barrier islands like the Outer Banks are affected by sea-level rise (Mallinson etal.
2008; Culver et al. 2008; Riggs etal. 1995), and overwash typically occurs in locations with lower dune
elevations (Houser and Hamilton 2009; Sallenger 2000). So, it is likely that repeated nourishment would lead
to vertical dune growth and decrease the frequency of overwash at these locations.

Overwash deposits create a platform on the sound side of a barrier island, which can help mitigate land
losses due to relative sea-level rise (USGS 2007; Riggs et al. 1995. Sound side sediment placement would
increase the ability of sound side shorelines to adjust to future changes in water levels by incrementally
raising the back-barrier elevation similar to what nourishment does on the beach side.

Sound side sediment management activities would result in burial of any habitats already in place. At the
same time, an increased sound side shoreline elevation would likely improve the barrier island’s ability to
withstand storm impacts by reducing the threat of sound side flooding and breaching. Because some
breaches are caused by flooding from the sound side, increasing shoreline resiliency through protective
efforts like sediment management and placement would also help reduce the collective impacts of island
breaches over time. Sound side sediment placement would also allow for the creation of habitats similar
to overwash deposits, which have traditionally assisted the Outer Banks’ land loss with rising sea levels
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(USGS 2007; Riggs et al. 1995). This could help mitigate some of the decreased overwash resulting from
higher dune ridges due to repeat nourishment projects.

Collectively, sediment management activities along the beach and sound side shorelines would allow
for the placement of tens of millions of cubic yards of compatible sediment within the Seashore. This
volume represents a larger injection of new sediment than has traditionally been placed along the
Seashore but would be used to offset erosional losses of a similar magnitude predicted over the
proposed framework’s lifetime.

Habitat Restoration

Habitat restoration activities along the Seashore would involve moving dredged sediment from
navigational channels within Pamlico Sound to sensitive shorebird areas within the Seashore. The
dredging of navigational channels does have an impact on inlet stability and estuarine hydraulics in both
the short- and long-term; a deepened channel can affect wave transformation patterns in a similar manner
to an offshore borrow area. The resultant wave patterns could induce some additional erosion along sound
side shorelines, although these impacts are likely to be relatively minor due to the generally low wave
energy environment within Pamlico Sound.

The placement of dredged material along portions of the Seashore for the purposes of habitat restoration
is likely to have a greater impact than the dredging itself. Site-specific conditions would need to be
assessed before placing sediment, in order to ensure there are not adverse short- or long-term impacts on
sediment quality or transport within the Seashore. As is the case with beach nourishment, a successful
habitat restoration project will rely on a compatible sand source with similar grain size and sorting
characteristics. A reasonable match between sediments is necessary to avoid impacts on local sediment
transport patterns; finer grains will be more easily removed from a restoration site, while coarser grains
will remain in place longer.

Dune Nourishment and Sand Relocation

Dune nourishment consists of relocating sand (e.g. shipping from an off-site borrow pit or scraping from
the adjacent beach) into a berm along the upper dry beach. A higher dune ridge generally reduces the
frequency of overwash (see Morton 2002; Sallenger 2000; Thieler and Young 1991). While sand
relocation can expedite creation of a new dune ridge, other less-invasive methods are possible as well.
These include planting native dune vegetation or installing sand fences to encourage deposition of wind-
blown sand.

Sand scraping can impact littoral processes by removing sand from the shallow breaker zone and placing
it within the dune system or dry beach. Cut depths are typically less than 2 ft but can disrupt nearshore
sediment transport patterns. This can also result in a thinner dry beach, which provides less sand to the
foredune system. Repeated dune nourishment and sand relocation projects may reduce dry beach width as
well as increase foredune height and continuity alongshore; this may lead to more frequent overwash
(Smith et al. 2008; Magliocca et al. 2011).

Placing sand from an off-site borrow pit involves less disturbance on the inter-tidal beach adjacent to a
study area but can bury native vegetation. However, dune nourishment generally occurs in eroded areas
where vegetation has been removed and can no longer grow ‘naturally’ to help establish a protective dune
ridge. In these cases, sand fencing and vegetation would help establish a “new’ dune. Impacts from
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fencing and vegetation include increased potential for debris along the beach following high-water events,
because sand fencing and/or newly planted vegetation may be eroded and removed from the project site.

Emergency Breach Fill

Under alternative B, relative sea-level rise and increased storm activity due to climate change could lead
to increased frequency of overwash and breach events (Emanuel 1987; Broccoli and Manabe 1990;
Michener et al. 1997). Breach fill and repair projects consist of placing fill in the area of a breach through
a barrier island (USACE 2005). The volume of an emergency breach fill can vary from approximately
100,000 cy to over 1,000,000 cy and depends on the size of a particular breach.

Breaches are typically created by large-scale weather systems like hurricanes, tropical storms, cold fronts,
or nor’easters. Breach repairs typically occur immediately and tend to be dominated by dredge-based
projects designed to “fill the gap’ cut through the island. Within the Seashore, breach fill serves to
maintain the connectivity along NC 12 between populated areas.

As with ocean side beach nourishment, emergency breach fills alter littoral processes and barrier island
morphology by placing sand in areas where it was previously removed. In the short term (e.g., weeks to
months), breaches disrupt habitat connectivity and sediment transport alongshore. However, they allow for a
cross-shore (e.g., ocean-to-sound and vice versa) sediment transport. In a longer-term sense (years to decades),
this is a beneficial feature of barrier islands like the Outer Banks because it allows for landward migration of
the island. However, unmitigated breaching would likely lead to a gradual reduction in the land area of the
Seashore itself (see Gutierrez et al. 2009; Mallinson et al. 2008; Moore etal. 2007).

Cumulative Impacts

The impacts from past, present, and reasonably foreseeable actions would be the same as those described
for alternative A. Alternative B would permit the placement of sediment along the Seashore in order to
increase the volume of sediment along Hatteras and Ocracoke Islands. These actions would temporarily
mitigate erosion due to relative sea-level rise and storms. Oceanfront beach nourishment would likely
result in larger volumes of sediment along the surf zone and within the dunes but may also prevent
overwash. Sound side sediment placement would help mitigate the reduction in overwash frequency by
building habitats within submerged portions of the barrier islands in Pamlico Sound, imitating natural
overwash processes. There is a potentially beneficial role of overwash in allowing barrier systems to
respond to relative sea-level rise, although it is somewhat unlikely that alternative B would effectively
stop this process at a geological scale.

When the incremental impacts of alternative B are combined with the impacts of past, present, and
reasonably foreseeable actions, the overall cumulative impacts on littoral processes and barrier island
morphology would result in some localized changes to the existing conditions where sediment
management activities are carried out. The Seashore has been modified and engineered in the past; the
increase in the number of localized sediment management actions would likely provide more shoreline
sediments available for erosion, resulting in potential accretion in locations not specifically targeted for
sediment management activities. The incremental impacts of alternative B contribute most of the impacts
to this resource.

The strongest trends observed in historical shoreline studies is the erosion of the beach and limited
landward advancement of the sound side shoreline (Hapke and Henderson 2015; NPS 2015c; Mallinson
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etal. 2008). However, some research along the Outer Banks has suggested reducing barrier breaching
reduces the island’s ability to mitigate increased relative sea-level rise (Riggs et al. 1995; Riggs et al.
2009). A framework for ocean- and sound side sediment management along the Seashore would allow
NPS to permit projects that temporarily address these issues and mitigate the effects of relative sea-level
rise by promoting habitat expansion within the Seashore. The monitoring component of Alternative B
also allows for critical analyses of the impacts of sediment placement along portions of the Seashore, so
NPS can re-evaluate methods as techniques and information evolve. This gives NPS flexibility in
determining the best path forward to mitigate the effects of relative sea-level rise at the Seashore.

Conclusion

Alternative B may impact some elements of natural littoral processes and barrier island morphology by
continuing to engineer and manipulate the shoreline over the next 20 years. While some features of
littoral processes and barrier island morphology may be altered under alternative B, the fundamental role
of natural processes would continue. Adding new sand to the barrier system at a greater rate than
previously done may help maintain the continuity of the island at a management scale (months to years)
by increasing or maintaining the volume of sediments available for erosion along some sections of the
beach, dune, and sound side shorelines. At geologic time scales, many barrier islands are currently
migrating landward or struggling to reconstitute through rising sea levels (Cooper et al. 2016; Riggs et al.
1995; Swift 1975). Alternative B would likely create an immediate increase in the sand supply along the
Seashore and provide a framework for NPS and its permittees to pursue a range of actions to combat
relative sea-level rise in the future. At shorter time scales, impacts from sediment management would
likely remain localized to the areas immediately surrounding a project site. These impacts would likely be
indeterminate after just a few months, depending on wind and wave conditions.

Under alternative B, the change from current conditions would likely be moderate since sediment
management activities would occur at a higher frequency than presently occurs along the Seashore.
However, the impacts are likely to offset erosional losses anticipated over the lifetime of the proposed
framework. Alternative B would blend the development, utilization, and maintenance of the economic
infrastructure with the natural dynamics of climate change, including sea-level rise, increased storm
frequency, shoreline recession, and habitat evolution and migration. Using a combination of methods as
described under alternative B, sediment management activities along the Seashore would likely be able to
mitigate some of the erosional side effects of relative sea-level rise beyond what is currently possible.

Alternative C

Under alternative C, NPS would permit sediment management activities on up to 6 miles of beach every 5
years, rather than every year under alternative B. Under alternative C, sediment management activities
would inject up to approximately 24 million cy of sediment into the Seashore over the next 20 years.
Finally, reference zones set aside under alternative B would not be established under alternative C. This
would lead to a similar suite of impacts as described under alternative B, but at a lesser extent due to the
reduction in volume and frequency of sediment placement activities.

Potential impacts of sediment management activities such as beach nourishment, habitat restoration, dune
nourishment, and breach repairs on littoral processes and barrier island morphology include burial of
nearshore habitats, potential changes to shoreface slope, and increased delivery of sediment to the foredune.
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Discrete impacts to littoral processes and barrier island morphology would be most obvious near project
sites. Because of the decreased frequency of actions under alternative C as compared to alternative B, the
degree of impacts would likely be proportional to the increased time between projects. While

alternative B would likely represent an increase in the amount of sediment management activities along
the Seashore, as compared to the past few decades, the frequency and magnitude of projects possible
under alternative C would probably resemble the present status quo along much of the Seashore. As a
result of the increased time between permitted actions, the collective degree of impacts under

alternative C would be less than that of alternative B.

Cumulative Impacts

The impacts from past, present, and reasonably foreseeable actions would be the same as those described
for alternative B and alternative A. Alternative C would seek to permit the management of sediment along
the Seashore consistent with past permitting frequency in order to increase the volume of sediment in
place along various shorelines (e.g., sound side, ocean-side) of the Seashore. These actions would
temporarily mitigate erosion due to relative sea-level rise and storms. However, it is unlikely that
sediment management activities would effectively stop erosional and barrier migration process at a
geological scale.

When the incremental impacts of alternative C are combined with the impacts of past, present, and
reasonably foreseeable actions, the overall cumulative impacts on littoral processes and barrier island
morphology would result in little localized changes to the existing conditions on specific beaches where
sediment management activities are already carried out. Because alternative C was developed to reflect
the current status quo of project magnitude and frequency, the net change from current conditions would
likely be relatively minor in both a short- and long-term sense.

Conclusion

Alternative C may impact some elements of natural littoral processes and barrier island morphology by
continuing to engineer and manipulate the shoreline over the next 20 years, albeit less frequently than as
described under alternative B. While some features of littoral processes and barrier island morphology
may be altered under alternative C, the fundamental role of natural processes would continue.
Alternative C would result in a slightly more resilient Seashore with some additional sand volume added
to the barrier islands over 20 years. Adding new sand to the barrier system may help maintain the
continuity of the island at a management scale (months to years) by increasing or maintaining the volume
of sediments available for erosion along some sections of the beach, dune, and sound side shorelines.
Under alternative C, the change from current condition would be small, as this alternative was developed
based on past permitting frequency.

Comparative Conclusion of Alternatives

Under alternative A, relative sea-level rise, climate change, wind and waves would continue to impact
littoral processes and barrier island morphology. Littoral processes and barrier island morphology would
continue to evolve, from the previously modified and moderately engineered system to a dynamic barrier
island system with increased erosion, island narrowing, and increased overwash events. Under
alternative A, the volume of sediment on the visible (sub-aerial) portion of the barrier island would likely
continue to diminish over time.
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In comparison, alternative B may help maintain the continuity of the barrier island system at a
management scale (months to years) by increasing or maintaining the volume of sediments available for
erosion along some sections of the beach, dune, and sound side shorelines. This may reduce the frequency
of overwash and breach events, which may be potentially beneficial in allowing barrier systems to
respond to relative sea-level rise. Habitat restoration, dune nourishment, and sound side sediment
placement would likely create additional sources of erodible sediments to help the Seashore mitigate land
loss over the lifetime of the proposed framework. It is likely that sediment management activities would
slow the effects of chronic erosion along the Seashore at a management scale (i.e., months to years).
Under alternative B, up to 158 million cy of sediment placement would be permitted along the Seashore
over the 20-year lifetime of this framework. This volume would be used to mitigate erosion of beaches,
dunes, and uplands across the Seashore over the lifetime of alternative B.

Alternative C would result in a smaller departure from current conditions than alternative B, because the
frequency of projects would be designed to reflect the current status quo along the Seashore. This
alternative would permit up to approximately 24 million cy of sediment placement along the Seashore
over the next two decades. As is the case under alternative B, alternative C would involve the burial of
nearshore and shoreline habitats, but many of these would be eroded naturally under the condition
described in alternative A.

While sediment management activities under alternatives B and C would likely cause some temporary
impacts (lasting weeks to months) to littoral processes and barrier island morphology, alternative B would
likely help maintain continuity of the processes and habitats that have been in place along the Seashore in
recent years.

BENTHIC ORGANISMS AND ESSENTIAL FISH HABITAT

Methodology for Analyzing Impacts

This analysis includes benthic organisms and EFH, including HAPCs, located on the ocean side, sound
side, at the inlets, and at the potential borrow sites that may be affected by the alternatives. Benthic
organisms play an important role in the ecosystem as they form the link between primary production and
predator species including fish and birds (Baptist et al. 2009). Twelve EFHs and seven HAPCs are
present within the area of analysis, as broadly defined as the general vicinity of the Seashore (see the
“General Analysis Approach” section). Six of the EFHs are estuarine, located on the sound side of the
Seashore: emergent tidal wetlands, soft bottom, hard bottom, intertidal flats, estuarine water column, and
submerged aquatic vegetation (SAV), mainly seagrass. Seagrass is often considered separately from other
SAV, such as hydrilla (Hydrilla verticillata) and wild celery (Vallisneria americana), when discussing
EFH or HAPC because seagrass is present in high salinity environments while other SAV occurs in low
salinity to freshwater; therefore, fish species use the habitats differently based on their preferences for
high salinity or low salinity environments. At the Seashore, the vast majority of SAV are seagrasses, so
for the purposes of this analysis, all SAV is considered together. Six marine EFHs, located on the ocean
side of the Seashore, are also present: soft (mud and sand) bottom, (nearshore) hard bottom (including
artificial reefs), Sargassum, pelagic waters (water column), shallow coastal, and Cape Hatteras sandy
shoals. Of the HAPC, three are located on the ocean side of the Seashore (nearshore hard bottom,
Sargassum habitat, Cape Hatteras sandy shoals), two are located on the sound side (tidal marsh and SAV),
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one is located at the inlets (coastal inlets), and one is species-specific (sandbar shark nursery and pupping
grounds, which are located primarily on the sound side of the Seashore but also include the coastal inlets).

Qualitative descriptions of impacts are based on professional judgment, information provided by NPS staff,
relevant references, and technical literature. Where possible, a range of quantitative measures is given, such
as volume of sand, length of beach, and area of dredging. Prior to any individual beach nourishment project,
site-specific design may be subjectto project-specific permitting by the USACE and/or BOEM.

Impact Analysis

Alternative A (No-Action Alternative)

Onshore and Nearshore Impacts

Under alternative A, the Seashore would not permit sediment management activities and, overall,
shoreline recession rates would likely continue as observed over the past several decades (NOAA 2019b).
Shoreline recession could be exacerbated by relative sea-level rise due to climate change.

The progressive rise in sea level over the 20-year life of the management framework would shift the
intertidal, wet beach zone inland in small, but consistent, increments forcing benthic species adapted to
this environment to move inland with the changing intertidal zone (Galbraith et al. 2002). Intertidal
benthic species are mobile enough to move in accord with relative sea-level rise (Maurer et al. 1978;
Essink 1999; Speybroeck et al. 2006); however, in developed areas at the villages, beaches are not able to
migrate inland and intertidal benthic species would lose habitat (Birchenough et al. 2015). In general,
modeling studies have predicted that intertidal benthic organisms would lose habitat and populations
would decline as a result of climate change-induced sea-level rise (Beukema 2002; Galbraith et al. 2002;
Fujii 2012; Birchenough et al. 2015). It is important to note that these studies did not model conditions
present at the Seashore, and a modeling study of the habitats at the Seashore may yield different results.
The impacts of relative sea-level rise on intertidal, wet beach zone benthic organisms is complicated by
various associated environmental changes including steepening of the intertidal slope, sediment
coarsening, increased wave exposure, and other localized effects (Speybroeck et al. 2006). Steeper slope
and a narrower wet beach zone are known to reduce diversity and abundance of benthic organisms
(McLachlan 1996). Although these effects would lead to the decline in intertidal benthic abundance
according to modeling studies, the local impacts on the benthic community at the Seashore would likely
be variable and difficult to predict (Yamanaka et al. 2013). Relative sea-level rise would open new habitat
for shallow-water subtidal benthic species at the Seashore beaches because the intertidal zone would shift
inland as sea levels increase (Galbraith et al. 2002). This could provide expanded habitat for subtidal
benthic organisms allowing for an increase in the population as they colonize new subtidal areas.
However, depending upon the local bathymetry, seaward habitat for shallow-water subtidal species could
be lost as organisms adapted to deeper water and the hydraulic processes that occur at greater depths
encroach into the area and outcompete the existing community (Birchenough et al. 2015). The amount of
habitat for shallow water organisms could increase, decrease, or remain the same depending upon a
number of variables, and it is difficult to predict what will occur. The same is true of deep water habitats.

Relative sea-level rise at the projected rates may provide minor benefits to some types of ocean side EFH

(soft bottom, hard bottom, artificial man-made reefs, Sargassum, marine water column, and shallow
coastal) or HAPCs (nearshore hard bottom, Sargassum habitat, Cape Hatteras sandy shoals) by increasing
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the depth of the water column and therefore increasing the size of the habitat. In general, increased depth
of the water column is associated with increases in productivity and nutrient uptake of phytoplankton and
algae (Reise and van Beusekom 2008; Saunders et al. 2013). It is likely that relative sea-level rise over the
life of the framework would not impact nearshore EFH at Seashore beaches.

On the sound side and in the inlets of the Seashore, the effects of relative sea-level rise are dependent
upon the type of habitat. Organisms located in sandy wet beach habitats on the sound side and at the inlets
would migrate inland, if possible, similar to the wet beach on the ocean side. Unvegetated, subtidal
bottom and pelagic EFH, estuarine water column, oyster shell/banks, soft bottom, and hard bottom, may
benefit from increased depth of the water column and associated increases in phytoplankton and algae
productivity (Reise and van Beusekom 2008; Saunders et al. 2013). This could increase the availability of
food to forage from the water column or the bottom habitats. In general, relative sea-level rise would not
adversely affect these EFHs. Coastal inlets are important EFH and HAPC for penaeid shrimp, sandbar
shark, and the snapper-grouper complex of fish. An increase in available food sources would increase the
value of these habitats as EFH and HAPC. Benthic organisms present in subtidal, unvegetated habitats
could receive similar benefits from increased depth of the water column (Reise and van Beusekom 2008;
Saunders et al. 2013). However, modeling studies have indicated that relative sea-level rise would reduce
intertidal mud flats and the benthic communities within these habitats would decline (Beukema 2002;
Galbraith et al. 2002; Fujii 2012; Birchenough et al. 2015). Oyster reefs, on the other hand, are capable of
accreting at a rate that would match predicted sea-level rise, and therefore may not be adversely impacted
by rising sea levels (Rodriguez et al. 2014).

Vegetated EFH/HAPC, such as tidal marsh and SAV, may be considered wetlands by the NPS and would
likely be negatively impacted by rising sea levels. Tidal marsh habitat in areas with lower substrate
elevation would be drowned by increased water depths (Moorhead and Brinson 1995; Morris et al. 2002;
Voss et al. 2013). Tidal marshes may naturally migrate shoreward to compensate for relative sea-level
rise; however, this migration would depend on site-specific conditions on the inland side of the marsh.
Marsh vegetation would incrementally recruit into tidally appropriate inland areas by seed or vegetative
growth if inland slopes are gentle enough to accommodate marsh expansion. In areas with steep slopes
created by development or shoreline hardening, it is unlikely that appropriate tidal conditions for marsh
expansion would develop (Craft et al. 2009; Saunders et al. 2013; Torio and Chmura 2013; Voss et al.
2013). In these situations, marsh habitat at lower elevations, and the benefits it provides to fish and
benthic organisms including forage, refuge, and nursery functions, would be lost (SAFMC 2009b). Tidal
marshes also naturally accrete organic material which traps sediment and raises the elevation of marsh,
although marsh accretion generally occurs more slowly than the current rate of relative sea-level rise
(Morriset al. 2002; Voss et al. 2013).

SAV beds would also be negatively impacted by relative sea-level rise (Saunders et al. 2013; Valle et al.
2014). SAV habitats are composed of plants that require sunlight to survive, and as such their distribution
is dependent on sunlight availability more than other variables (Duarte et al. 2007). In the Pamlico Sound,
sunlight penetration within the water column ranges between 4 meters (13.1 ft) and 10 meters (32.8 ft) in
depth, depending on physical factors such as turbidity, tide, freshwater influx, temperature, etc. (Paerl and
Peierls 2008). SAV is limited to shallower areas of this range due to factors such as light attenuation by
plankton, epiphytes on SAV, and the water itself (Brush and Nixon 2002; Ralph et al. 2007). SAV
distribution modeling studies indicated that as water depths increase with sea-level rise, SAV in deeper
areas would be lost due to a lack of sufficient sunlight for survival (Davis et al. 2016; Saunders et al.
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2013), and this habitat area would likely be lost to fish and benthic invertebrates that use SAV. At the
same time, SAV communities could expand into more shallow areas that have become subtidal due to
relative sea-level rise, leading to a shoreward shift in SAV beds and the potential for their continued
growth at the Seashore (Bjork et al. 2008; Saunders et al. 2013; Davis et al. 2016). Studies have indicated
both loss and gain of SAV habitat from increased water depths due to relative sea-level rise depending on
site-specific factors such as bathymetry, sediment accretion, water quality, turbidity, and substrate, with
the majority indicating an overall loss of SAV (Shaugnessy et al. 2012; Saunders et al. 2013). Migration
of SAV shoreward would also be limited by the presence of shoreline stabilization structures and
unsuitable sediments including marsh peat left by retreating tidal marshes (Wicks 2005).

Under alternative A, relative sea-level rise and increased storm activity due to climate change could lead
to increased frequency of overwash and breach events (Emanuel 1987; Broccoli and Manabe 1990;
Michener et al. 1997). NCDOT may continue to manage NC 12 repairs within the existing NC 12
easement as necessary following overwash events and inlet breaches. In overwash events, NCDOT most
often bulldozes overwash sand from the highway and shapes the sand into dunes within the ROW along
the east edge of NC 12 in areas of existing easement—an activity which would have no effect on benthic
communities or EFH /HAPC within the vicinity of the Seashore because it would not impact tidal or
aquatic habitats.

An island breach would resultin a larger impact/change, depending onthe scale and dynamics of the breach.
NCDOT would likely fill or bridge the breach under an emergency action. These activities would be limited
to the NC 12 ROW under alternative A. The benthic community within the ocean side wet beach habitat at
the breach location would be temporarily disturbed or removed during breach formation, but additional tidal
or aquatic habitat would be created in the breach itself for benthic organisms adapted to the high energy
beach environment (Dernie et al. 2003), an environment that includes continuous wave action, undertow,
and rip currents. Also, the new habitat within the breach may become stabilized and populated by a
complete community of benthic fauna before service of NC 12 is restored through emergency measures
depending on the timeline of construction activities (Dernie et al. 2003).

Depending on its dynamics, a breach would impact EFH/HAPC and benthic communities on the sound
side of the Seashore by removing benthic organisms at the breach location and converting the habitat.
Tidal marsh and SAV beds could be eroded by water overflowing the island and the area converted to
tidal flats or estuarine water column (Wamsley and Hathaway 2004; Cabagco et al. 2010; Friess et al.
2014). Additionally, tidal marsh and SAV HAPCs near the shoreline of the sound would likely be
impacted by deposition of material eroded from the Seashore during the breach (Hayes and FitzGerald
2013). This material may include large amounts of sand that could bury benthic organisms and
vegetation, and studies have documented declines in SAV beds near recently opened inlets (Cabaco et al.
2010). However, impacted areas could be recolonized. In some cases, the sediment from the overwash fan
could increase accretion in marsh and seagrass areas to match rates of relative sea-level rise and maintain
sustainability of the habitats (Michener et al. 1997).

The sound side areas exposed to a breach may also be subject to cooler water temperatures than what is
typical in the shallow sound environment. The influx of cooler water reduces overall temperature in the
vicinity of the breach, although the exact area influenced depends on circulation patterns. Similarly, the
influx of ocean water from a breach can improve circulation patterns and increase flushing.

93 Environmental Consequences



CAPE HATTERAS NATIONAL SEASHORE
SEDIMENT MANAGEMENT FRAMEWORK
DRAFT ENVIRONMENTAL IMPACT STATEMENT
SEPTEMBER 2020

Increased water column turbidity would occur in all areas near a breach, but the sediments would consist
primarily of sand and would settle from the water column in a short time, as intermittent suspensions
under the wave-breaking process settle quickly, on the scale of a few minutes (Roman-Sierra et al. 2011)
to a few hours (Van Dolah et al. 1992). Depending on wind speed and wave energy, suspended sediments
may take longer to settle or may become resuspended by wave energy (Manning et al. 2013). These
communities are already adapted to relatively high turbidity due to the wave and tidal energy, therefore
the increased turbidity would not noticeably affect benthic organisms or EFH/HAPC (Baptist et al. 2009).
However, benthic organisms could be affected by settling suspended sediments, the magnitude of which
would depend on the amount of material. Sediment layers less than 1 centimeter in thickness have been
shown to reduce abundance of many types of small organisms although larger bivalves were not affected
(Lohrer et al. 2004). Additionally, mobile organisms would likely leave the area and avoid adverse
impacts from elevated turbidity levels.

A breach would also expose nearby organisms and habitats to water with higher than normal salinity for
the estuarine environment. Organisms within an estuarine environment are naturally adapted to wide
ranges of environmental variables, a characteristic that makes them suitable for living within an estuary
(Wolff 1971). However, in general, productivity and species diversity increase as salinity increases from
freshwater to seawater (Wolff 1971; Fujii 2012). Also, increases in salinity due to a breach would likely
not adversely impact SAV species present in Pamlico Sound at the Seashore because they are tolerant of
hypersaline conditions (van Katwijk et al. 1999; Koch et al. 2007).

Under alternative A, NPS would not restore or repair damaged sand dunes, but would allow NCDOT to
restore dunes within their easement if NC 12 was compromised. Throughout the Seashore, beach dune
systems have historically been degraded by storms, floods, and other continuous erosive processes
(Sciaudone et al. 2016). Without active restoration, the dune systems would continue to degrade as they
have in the past. This process would not affect benthic communities or EFH.

Should a ferry service be implemented by NCDOT, it could result in some general impacts on EFH and
benthic communities. Increased boat wakes on calmer sound side environments could cause more erosive
actions on the sound side shorelines, some of which are EFH.

Offshore Impacts
Alternative A would not impact benthic communities in the offshore borrow areas.

Cumulative Impacts

Past, present, or reasonably foreseeable actions that affect benthic organisms and EFH include beach
nourishment, channel dredging and dredge disposal, use of sand bags on private property, and predation
management for coastal species of concern. Beach nourishment projects include Nags Head (10 miles in
2011 and 2019), Rodanthe-Pea Island NWR (2 miles in 2014), Buxton (3 miles in 2017 and 2018), and a
combined project for Duck (1.6 miles), Kitty Hawk (3.8 miles), and Kill Devil Hills (2.6 miles). These
projects have impacted intertidal and nearshore subtidal benthic organisms by burying during sand
placement (Greene 2002; Wilber and Clark 2007; Manning et al. 2013; Rosov et al. 2016; Wooldridge et al.
2016). Dredging activities at borrow locations to supply sand for nourishmentalso directly removed benthic
organisms and caused temporary increases in turbidity which impacted benthics and reduced EFH quality
(BOEM 2013). Typically, benthic communities both at the beach and in the borrow areas recover their
abundance and diversity over a period lasting from six months to several years (Wilber and Clark 2007;
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Roman-Sierraet al. 2011; BOEM 2013; CZR Incorporated and CSE 2014; Rosov et al. 2016). Beach
nourishment projects also lessened the slope of the intertidal benthic habitat, which increased the areal
extent of the intertidal zone and reduced wave impact by dissipating energy along a longer, gentler slope
(Baptist et al. 2009). The result of a more gradual slope is an increase in abundance and diversity of benthic
organisms (McLachlan 1996). Beach nourishment also impacts EFH by removing the benthic food sources,
increasing turbidity plumes, and potentially burying nearshore hardbottom habitat (NMFS 2003;

NCDEQ 2016).

Channel dredging and dredge disposal would impact benthic communities and EFH/HAPC by direct
removal of organisms during dredging, increase in turbidity at the dredge and disposal locations, increase in
noise during dredging activities, and burying of fauna and habitats at the disposal location (similar to beach
nourishment). Dredge and disposal events completed at Oregon Island included placement of sand on
approximately 2 miles of beach within the Pea Island NWR portion of the Seashore. In 2019, Dare County
approved a contract to dredge Oregon Inlet for 340 days per year over the next 10 years. It is likely that
dredging would remove benthic organisms and deplete benthic communities within the inlet over the entire
length of the project and subsequent recovery period. Dredging noise would elicit avoidance responses in
benthic organisms and fish (NMFS 2003). The turbidity created by the dredge would reduce visibility
(NMFS 2003), although it could act as a barrier to normal movement and behavior (GARFO 2020).

NCDOT projects conducted at the Seashore include the construction of Bashight Bridge crossing Oregon
Inlet, connecting Bodie Island with Hatteras Island. NCDOT also conducts dune restoration along NC 12
involving the removal of overwash sediment from the road to create dunes within the NC 12 ROW and
protect the road from future flooding. Construction of Basnight Bridge required the driving of support
piles in the inlet potentially crushing benthic organisms, and the support piles may influence hydraulics
that determine invertebrate and fish larvae transport and settlement (NMFS 2003). Phase 2 would be
located between the southern end of the Pea Island NWR portion of the Seashore and Rodanthe, and it is
anticipated that Phase 2 would have similar impacts to benthic organisms and EFH as Phase 1. Dune
restoration would have little to no effect on benthic communities or EFH/HAPC, because this work would
not occur in or near EFH or benthic habitats.

Sand bags may continue to be placed on private property and within the NCDOT ROW. Relative
sea-level rise and erosion resulting in a more narrow dry sand beach could increase sand bag usage in the
future. Sand bags function the same as other types of coastal armoring (FWS 2017) and reduce the area of
inner surf zone substrate for benthic organisms, and continued erosion tends to concentrate coarser
sediments in the beach zone where sand bags are present (Kraus and McDougal 1996; Rice 2009). This
has the potential to modify the marine subtidal soft bottom EFH through sedimentation and change the
substrate conditions, which would alter the existing benthic population assemblages (Greene 2002;
Wilber and Clark 2007; Rosov 2016; Wooldridge et al. 2016). However, the projects envisioned under
this cumulative action would be relatively small-scale (to protect individual private structures) and would
rarely take place in the beach zone where benthic organisms potentially affected by this framework exist.
Therefore, any adverse impacts on benthic species and habitat would be highly localized, allowing for
rapid recovery and recolonization following sand bag removal.

In addition to those actions, the Seashore may remove as many as 5,600 ghost crabs annually as analyzed
in the Coastal Species of Concern Predation Management Plan and programmatic environmental
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assessment (NPS 2018h). Removal of ghost crabs would alleviate some predation pressure on smaller
benthic species located within the intertidal zone (Peterson et al. 2000).

For these reasons, past beach nourishment activities, channel dredging, roadway improvements, use of sand
bags on private property, and predation management have generally adversely impacted benthic
communities and EFH/HAPC. Benthic communities are relatively resilient, and recovery of abundance and
community diversity to support predator species would take from six months to several years. Future
dredging activities at Oregon Inlet would occur so frequently over a 10-year time period that the benthic
community would not have time to recover between events, and the inlet would have no value as HAPC
while the dredging continues.

When combined with the impacts of past, present, and reasonably foreseeable actions, alternative A
would result in the alteration of benthic and EFH resources, with some lost or degraded and others
improved and expanded, in the face of future relative sea-level rise, severe weather events, and natural
erosion processes. This result would conform with the NPS approach to protect these resources by
allowing natural processes such as overwash or inlet breaches to alter, bury, or bisect some of these
benthic communities and back-barrier EFH (NPS 2006).

Conclusion

Alternative A would not permit beach nourishment, habitat restoration, and other sediment management
activities within the boundaries of the Seashore. Benthic communities and EFH/HAPC could be impacted
through erosion, loss of shoreline, steepening of the beach slope, and the resulting degradation of
intertidal and nearshore benthic communities (McLachlan 1996; Greene 2002; Baptist et al. 2009), as
described above. Although it is difficult to predict the specific consequences of relative sea-level rise and
the human activities conducted by others at the Seashore (i.e., not NPS) in response to relative sea-level
rise (Yamanaka et al. 2013), modeling studies have predicted a reduction in intertidal habitat
(Birchenough et al. 2015) and a decline in intertidal benthic populations (Beukema 2002; Galbraith et al.
2002; Fujii 2012; Birchenough et al. 2015). Modeling studies have also indicated that relative sea-level
rise would reduce certain types of EFH including intertidal mud flats (Beukema 2002; Galbraith et al.
2002; Fujii 2012; Birchenough et al. 2015), SAV (Davis et al. 2016; Saunders et al. 2013), and tidal
marsh (Moorhead and Brinson 1995; Morris et al. 2002; Voss et al. 2013), and would lead to a decline in
the abundance and diversity of the benthic communities within these habitats. However, unvegetated
subtidal bottom and pelagic EFH, estuarine water column, soft bottom, and hard bottom, could benefit
from increased depth of the water column and associated increases in productivity and nutrient uptake by
algae and phytoplankton (Reise and van Beusekom 2008; Saunders et al. 2013). Under alternative A,
island breaches and washovers would be likely to increase (Emanuel 1987; Broccoli and Manabe 1990;
Michener et al. 1997). Breaches and washovers have both positive and negative impacts on benthic
communities and EFH (Wolff 1971; Michener et al. 1997; Fujii 2012; Hayes and FitzGerald 2013). Many
of the negative impacts are temporary and benthic resources and EFH would likely recover after being
impacted (Van Dolah et al. 1992; Lohrer et al. 2004; Baptist et al. 2009; Roman-Sierra et al. 2011,
Manning et al. 2013). However, impacts to some EFH such as tidal marsh, SAV, and hard bottom could
be permanent (Wamsley and Hathaway 2004; Cabago et al. 2010; Friess et al. 2014).

96 Environmental Consequences



CAPE HATTERAS NATIONAL SEASHORE
SEDIMENT MANAGEMENT FRAMEWORK
DRAFT ENVIRONMENTAL IMPACT STATEMENT
SEPTEMBER 2020

Alternative B (Proposed Action / Preferred Alternative)

Onshore and Nearshore Impacts

Sediment management activities would impact ocean side, sound side, and inlet benthic communities by
burying and smothering benthic organisms with sediment place over their habitats (Greene 2002;
Speybroeck et al. 2006; Baptist et al. 2009; Wilber et al. 2009; Rosov et al. 2016; Wooldridge et al.
2016). The magnitude of the effect of burial on benthic communities is dependent upon several variables
including thickness of sediment overburden (Essink 1999; Speybroeck et al. 2006), species resistance or
resilience (Essink 1999; Peterson and Manning 2001), characteristics of the deposited sediment
(McLachlan 1996; Rakocinski et al. 1996; Peterson and Manning 2001; Manning et al. 2014; Wooldridge
et al. 2016), and seasonal timing of sediment placement (Peterson et al. 2000; Manning et al. 2014;
Wooldridge et al. 2016).

The thickness of the layer of sediment deposited in the wet beach and subtidal environments is important
because benthic invertebrates may migrate through thin layers of sediment to the surface, rather than
being smothered. Migration could reduce the overall loss in the benthic communities impacted by sand
placement (Essink 1999, Speybroeck et al. 2006). Several species of intertidal mollusks and polychaetes
have demonstrated the ability to migrate through 60 to 90 centimeters of sand or 20 to 60 centimeters of
mud to reach the surface (Essink 1999). Generally, the ability of a species to migrate through sediment is
determined by its resistance to being covered, its migratory ability, and the composition of the sediment
(Essink 1999; Speybroeck 2006). Although some habitat restoration projects may involve the placement
of thinner layers of sediment, through which buried benthic organisms may migrate to the surface, the
thickness of the overburden layer during beach nourishment is typically greater than 1 meter, which
would result in a total loss of benthic species within the project footprint (Greene 2002; Speybroeck et al.
2006; Baptist et al. 2009).

Under alternative B, sediment placement at the Seashore by hydraulic pipeline would increase turbidity in
the intertidal and subtidal zones of the beach up to 400 meters from the outfall (Wilber et al. 2006).
Turbidity levels would be the greatest within the swash zone where waves break, and levels would
generally measure between 100 and 150 NTUs (USACE 2001a; Manning et al. 2013). Total suspended
solids would range between 34 and 64 milligrams per liter (mg/L) (Wilber et al. 2006). This concentration
of suspended sediment would be less than typically observed during a tropical storm or nor’easter event
(Van Dolah et al. 1992; USACE 2001a; Wilber et al. 2006) and less than the level shown to impact
benthic species (approximately 390.0 mg/L) (EPA 1986). Suspended sediments would be dispersed by
wave action within a period of several minutes (Roman-Sierra et al. 2011) to several hours (Van Dolah et
al. 1992) after sand placement ceased. However, depending on wind speed and wave energy, suspended
sediments may take longer to settle or may become resuspended by wave energy (Manning et al. 2013).
Organisms living in the intertidal and subtidal beach environments are adapted to turbulent conditions
(Van Dolah et al. 1992; Greene 2002; Baptist et al. 2009; Manning et al. 2013; Wilber et al. 2009; Rosov
et al. 2016); however, elevated turbidity levels during sand placement would persist continuously for days
or weeks and may overwhelm organisms living within these habitats (Reilly and Bellis 1983; Jaramillo et
al. 1996; Moffett et al. 1998). Wave energy (more turbid during storms), quality of sand (more turbid if
clay, silts, or organics), and mode of placement (more turbid with barge rainbow spray than hydraulic
pipeline) would determine actual turbidity levels caused by sediment management activities (Greene
2002). In particular, organics, silts, and clays would cause persistent turbidity that waves could resuspend
for years after nourishment (Greene 2002; Speybroeck et al. 2006; Baptist et al. 2009). Under
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alternative B, sediment management project proponents would closely match the grain size and sediment
type of the placement material to the native beach or shore conditions. At the Seashore, beach sand is
typically coarse sand with few finer sediments like silt and clay, so it is unlikely that sediment would be
suspended for years after nourishment due to wave action.

An increase in turbidity can also decrease primary production by reducing light levels for photosynthetic
plankton. This would impact benthic organisms that subsist on phytoplankton. For filter feeders, suspended
sediments can clog food uptake systems and decrease food quality by increasing the ratio of inorganic to
organic particles (Baptist et al. 2009). Both of these effects could increase the energy required to feed,
resulting in a decrease in growth rate (Peterson and Manning 2001) or mortality of filter feeders (Baptist et
al. 2009; Reilly and Bellis 1983). Suspended sediments may also clog the gills of more sessile species,
which could result in death due to anoxia (NRC 1995; Greene 2002). Benthic organisms could be adversely
affected by the settlement of suspended sediments, depending on the amount of material in the water
column. Sediment layers less than 1 centimeter in thickness have been shown to reduce abundance of many
types of small organisms, but larger bivalves were not affected (Lohrer et al. 2004). Additionally, mobile
organisms would likely leave the area and avoid impacts from elevated turbidity levels.

Because most sediment management activities under alternative B would completely bury, and therefore
remove, the existing benthic community within the footprint of each individual project, recovery of the
impacted community would occur through recruitment due to the settlement of larval life stages or
migration from adjacent areas (Greene 2002; Speybroeck et al. 2006; Wilber and Clark 2007; Baptist et
al. 2009; Wilber et al. 2009; Rosov et al. 2016; Wooldridge et al. 2016). Numerous studies have indicated
that recovery is dependent upon several factors including the season of application (Peterson et al. 2000;
Manning et al. 2014), sediment characteristics of the placed material (McLachlan 1996; Rakocinski et al.
1996; Peterson and Manning 2001; Wooldridge et al. 2016), timing between sediment placement episodes
(Manning et al. 2014), and species specific resilience and recruitment (Peterson and Manning 2001,
Miller et al. 2002; Leewis et al. 2012; Manning et al. 2014). Biological populations are inherently variable
and may exhibit large, natural differences in diversity and abundance from site to site under the same
seasonal conditions, so it may be difficult to discern whether variations between communities in different
locations are caused by natural variation or sand placement (Peterson et al. 2000; Rosov et al. 2016).

Several studies have indicated that sand placement occurring in the winter (i.e., during the season when
most intertidal invertebrates have moved offshore) would have a smaller impact on the benthic
community (Peterson et al. 2000; Manning et al. 2014; Wooldridge et al. 2016). However, as discussed in
chapter 2, the offshore conditions in the Outer Banks are typically rough in the fall and winter and may be
unsafe for dredging activities. Therefore, under alternative B, sand dredging and placement activities
could occur during the spring and summer. During sand placement, the active work zone typically would
extend approximately 600 to 800 ft alongshore, and the active pumping zone would extend approximately
300 ft alongshore. On a given day, between 200 and 300 ft of nourished beach would be completed, and
benthic invertebrates could immediately begin to recruit into the completed area. For example, Peterson
and Manning (2001) observed recruitment of the polychaete Scolelepis squamata into a nourished beach
within one day.

Sediment size and type, and similarity to native sediments existing on the receiving beach, have a

determining effect on the recovery time of benthic communities (McLachlan 1996; Rakocinski et al.
1996; Peterson and Manning 2001; Wooldridge et al. 2016). Studies of the results of benthic community
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monitoring subsequent to beach nourishment indicate that, when nourishment sand of similar size and
texture to the target beach is used, community recovery times are generally anticipated to be between six
months to several years for benthic fauna common to the wet beach environment, including amphipods,
mole crabs, bean clams, and polychaetes (Peterson and Manning 2001;Greene 2002; Speybroeck et al.
2006; Wilber and Clark 2007; Baptist et al. 2009; Wilber et al. 2009; Leewis et al. 2012; Rosov et al.
2016). Perhaps most relevant for this sediment management framework for the Seashore is the benthic
monitoring conducted for two years subsequent to the 2011 beach nourishment project at Nags Head,
which indicated that within two years of the impact, the benthic community in the area of sand placement
was statistically the same as the control site in terms of taxa richness and abundance, which received no
sand placement (CZR Incorporated and CSE 2014).

However, several other studies have indicated recovery of the benthic community after sediment placement
could take longer than two years in certain situations (Peterson and Manning 2001; Colosio et al. 2007,
Manning et al. 2014; Wooldridge et al. 2016). Peterson and Manning (2001) observed decreased
populations of amphipods, mole crabs, and bean clams on a beach in Bogue Banks where sediment placed
on the shoreline exhibited a higher shell content than the native sediment. In addition, the body size of bean
clams and mole crabs was smaller than on the beach pre-nourishment or on adjacent beaches, and after two
years, the body sizes did not converge with control populations. Peterson and Manning (2001) concluded
the higher shell content slowed burrowing rates and increased energy expenditure leading to smaller body
sizes, which was also supported by McLachlan (1996). Colosio et al. (2007) determined that beaches
nourished with non-matching sediments (i.e., a higher proportion of clay and silt than target beach
sediments) exhibited no recovery after one year, while a beach nourished with matching sediments, did not
differ from control beaches after construction. Additionally, sand compaction could result from beach fill
projects, especially those that use sediment with smaller grain size than those native to the target beach.
Compaction could inhibit oxygen transport through the sediment, which would reduce the health of benthic
infauna (Viola et al. 2014).

Manning et al. (2014) studied the recovery of the intertidal benthic invertebrate community on a beach in
Topsail Beach, North Carolina, where beach nourishment occurred during two consecutive years and
found that abundance of some species recovered in the time between beach nourishment events, but full
recovery of the community took longer than two years. This study indicates that repeated sand placement
from beach nourishment activities would have a greater impact on benthic communities than a single
event. It was also noted that the sand placed on the beach was of a finer grain size with more sorting than
the sand on the target beach indicating the observed longer recovery time may be a cumulative effect of
repeated sand placement and differing sediment characteristics (Manning et al. 2014; Rosov et al. 2016).
Under alternative B, there may be a few locations where beach nourishment would occur every three
years over the lifetime of the sediment management framework due to high erosion rates and proximity to
shorefront development. Little is known about the effect of extended periods of repeated sand placement
on benthic communities; but assuming benthic recovery could take several years, the benthic community
in these areas would likely exhibit reduced abundance and diversity over the majority of the life of the
sediment management framework.

Wooldridge et al. (2016) studied the intertidal invertebrate community for 15 months following a beach

nourishment project at eight beaches, each with nourished and control sections, across San Diego County,
California. The density of the polychaete community was reduced by beach nourishment and remained at
approximately one-third of control levels after 15 months. Densities of the mole crab Emerita analoga at
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some nourished sites surpassed those found at control sites after four months, but the population
subsequently declined until there was no difference between control and nourished sites through the
remainder of the study. Populations of amphipods and bean clams recovered with one year. This study
highlights the variability in recovery times for different species at different locations.

Sediment grain size would also determine beach profile which could affect the species composition of the
benthic community within the study area. Subsequent to sand placement, wind, tides, and wave action
would redistribute the sediment to a more stable profile (NRC 1995), and sand of larger particle size than
native sediments would form a beach with a steeper profile than present prior to sand placement
(McLachlan 1996; Greene 2002). A steeper beach profile would lead to changes in hydrodynamics
including an increase in wave energy on the beach face (Speybroeck et al. 2006). Steeper slope and a
narrower wet beach zone would result in a reduction in diversity and abundance of the benthic community
(McLachlan 1996). These effects could also impact benthic and demersal fish that forage within intertidal
and nearshore subtidal habitats by increasing the energy expenditure required to feed, resulting in
decreased growth rates, and reduce larval recruitment onto the nourished beach (McLachlan 1996).

The sand placed during sediment management activities assumes a profile that more closely matches
natural conditions, a process known as equilibration which includes the natural reshaping of beach slope
by waves and currents (NRC 1995), as described in the “Littoral Processes and Barrier Island
Morphology” section. A nourished beach would typically reach equilibrium within six months after sand
placement, so the impacts from offshore sediment transport would be relatively short term (NRC 1995).
Following this process, the adverse impacts associated with a steeper slope and narrower wet beach zone
may be reduced.

Impacts from proposed habitat restoration projects would be similar to those described above and as
detailed for alternative B except that habitat restoration may involve the placement of thinner layers of
sediment, through which buried benthic organisms could migrate to the surface. The thickness of the
overburden layer during beach nourishment is typically greater than 1 meter, which would result in a total
loss of benthic species within the project footprint (Greene 2002; Speybroeck et al. 2006; Baptist et al.
2009). Several species of benthic invertebrates have demonstrated the ability to migrate through 60 to 90
centimeters of sand or 20 to 60 centimeters of mud to reach the surface (Essink 1999); therefore, some
species of benthics invertebrates could survive burial under thinner layers of sediment. The impacts on
EFH/HAPC would be the same as described above including increases in turbidity and loss of prey base.

Breach fill impacts would be similar to other sediment management activities and would include burial of
the entire benthic community. The primary difference is that the resulting habitat would be dry and
therefore unavailable for recruitment of benthic invertebrates. It is anticipated that breach fill would
return the area to the same conditions present prior to the formation of the breach, and therefore it is
unlikely that there would be an overall loss of benthic habitat. Breaches would not be EFH/HAPC and the
impacts from breach fill would be the same as described above including turbidity and loss of prey base.

Alternative B would preserve approximately 13 noncontiguous miles (approximately 20% of the
Seashore) as reference areas and remove them from consideration for sediment management activities in
all cases except for emergencies. The Seashore would complete ecological studies in these areas that
could be used for comparison to areas impacted by sediment management activities. In addition,
alternative B would require biological monitoring before and after any significant sediment management
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project for the purposes of learning and improving conditions associated with future projects. This
monitoring could include studies of intertidal invertebrates, wildlife use, and other metrics that could be
used to inform current knowledge of ecological recovery rates in areas where sediment management
activities occur. Information gained from monitoring could further improve conditions associated with
future projects including modification of the frequency and timing of sediment management activities and
other project parameters. Project proponents would develop monitoring protocols in association with
individual sediment management projects.

As stated in chapter 2, sand placed on the beach would be clean sand that closely matches sand present at
the placement site in size and texture, as recommended by the “National Park Service Beach Nourishment
Guidance” (NPS 2012) and the North Carolina Administrative Code (NCAC), 15A NCAC 07H.0312,
“Technical Standards for Beach Fill Projects” (North Carolina OAH 2014). Therefore, alternative B
would likely provide the environmental setting that would promote recovery of abundance and diversity
anticipated within six months to several years (Baptist et al. 2009; Rosov et al. 2016; Wilber and Clark
2007). Therefore, impacts from benthic community smothering/removal by sand placement during
sediment management activities and increases in turbidity at the placement site would likely be temporary
in nature, lasting from a few days for turbidity to return to normal, to several years for benthic community
recovery. Locations where beach nourishment would occur repeatedly are likely to remain depleted as
long as repeated nourishment continues.

Sand placement would impact ocean side EFH, sound side EFH, and coastal inlet EFH/HAPC. Sand
placed on the beach would smother benthic communities, and the loss of benthic prey resources due to
sand placement would reduce the value of the affected EFH to fish species that feed on benthic
organisms. It would reduce local food availability and likely cause fish to use other areas for foraging
(Peterson and Manning 2001; Greene 2002; Speybroeck et al. 2006; Baptist et al. 2009; Wilber et al.
2009). This reduction of habitat value is anticipated to last between six months and several years until the
benthic community recovers, as described above, at which time benthic foraging fish species would return
to the area (Wilber et al. 2009).

Sediment management activities at the Seashore would also introduce more turbidity into the water
column, impacting EFH and HAPCs. As described above, turbidity levels would be the greatest within
the swash zone where waves break, and levels would generally measure between 100 and 150 NTUs
(USACE 2001a; Manning et al. 2013). Total suspended solids would range between 34 and 64 milligrams
per liter (mg/L) (Wilber et al. 2006). Suspended sediment concentration would be below the level that
would impact fish (580.0 mg/L for the most sensitive species, with 1,000.0 mg/L more typical) (Wilber
and Clark 2001). Increases in suspended sediments could reduce visibility, leading to a decrease in
foraging and predator avoidance capabilities (Peterson and Manning 2001; Greene 2002; NMFS 2003).
Reduced feeding ability could result in decreased growth rates and limited resistance to disease if high
levels of suspended sediments persist (Greene 2002; NMFS 2003). Higher turbidity may also help surf
zone fish by temporarily protecting smaller individuals from predators (Beyst et al. 2002). In general, it is
anticipated most species would avoid the area during sediment management activities; however, some
species such as Spanish mackerel have exhibited an attraction to areas where sand placement by hydraulic
pipeline was occurring (Wilber et al. 2003).

Sediment management activities may occur within HAPCs on the ocean side (nearshore hard bottom,
Sargassum habitat, and Cape Hatteras sandy shoals) or on the sound side (tidal marsh and SAV). These
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habitats could experience an increase in water column turbidity during sand placement. Increased
turbidity would reduce water clarity, which would limit light availability for SAV (SAFMC 2009b; Gregg
2013). Seagrass in particular requires sufficient light to subsist, a minimum of 15 to 25% of the light
available at the surface (Gregg 2013). Turbidity levels that lower light below this threshold would impact
seagrass beds (a particular type of SAV which is particularly sensitive to changes in light caused by
turbidity). The settlement of suspended sediments may cover SAV and tidal marsh plants for a short time,
reducing photosynthetic production, but it is likely the sediment would settle to the substrate where it
would contribute to the accretion that typically occurs in SAV and tidal marsh habitats (Michener et al.
1997; SAFMC 2009b).

Through the process of equilibration, as previously defined, a nourished beach would typically reach
equilibrium within six months after sand placement, so the impacts from offshore sediment transport would
be relatively short term (NRC 1995). During the equilibration process, where the nourished beach profile is
naturally reshaped, some material is transported from the beach into offshore waters, and some drifts
downcoast (downstream of the prevailing nearshore current flow, in this case south) to other habitats (NRC
1995). This sand can cover habitat and may impact benthic communities that serve as food sources located
within these habitats due to smothering (Lohrer et al. 2004). For example, hard bottom habitat near
Wrightsville Beach, south of the Seashore along North Carolina’s coast, was buried under 2 to 6 in of sand
through erosion from nourished beaches (NCDEQ 2016). Nearshore hard bottom habitat in Broward
County, Florida, was also buried by sediment from a nearby beach nourishment project (Wilber et al. 2009).
These impacts are permanent and the fisheries formerly present in these areas have not recovered (NCDEQ
2016; Wilber et al. 2009). Similar impacts could occur at the Seashore depending on the proximity of hard
bottom resources nourished beaches, and in general, they would also likely be permanent.

On the sound side of the Seashore, many sandy bottom areas where sediment management activities are
likely to occur are immediately adjacent to tidal marsh and SAV HAPCs. Because the currents and tides
are less energetic on the sound side than the ocean side and because vegetation in these habitats would
trap suspended solids, the sediment eroded during equilibration would be transported a shorter distance
and deposited over a smaller area in adjacent tidal marsh and SAV habitats. The deposited sediment could
bury and smother vegetation and immobile benthic organisms within these habitats (NMFS 2003;
SAFMC 2009b). It is likely that vegetation would recruit into the impacted areas by seed dispersal or
vegetative spreading during the next growing season, generally defined as the spring and summer seasons,
and the habitat would recover (Schile et al. 2014). However, some habitat may be lost if the sediment
raises the substrate to a tidal elevation that is not sustainable for the impacted habitat. For example, SAV
beds may be elevated to intertidal levels that could not support SAV adapted to subtidal environments.
However, this deposited sediment could also enhance the natural accretion processes that occur in tidal
marsh and seagrass beds helping to keep pace with relative sea-level rise (Michener et al. 1997; Schile et
al. 2014). The specific impacts from sediment management activities would be determined by the strength
and direction of local sediment transport processes and would need to be assessed on a case by case basis
to determine the extent and intensity of effects on adjacent HAPC habitats. Due to the small size and
limited occurrence of sandy bottom habitats on the sound side, it is unlikely that sediment management
activities would impact enough area of these habitats to reduce the HAPC value throughout the Seashore.

Under alternative B, dune restoration would also occur, including activities that would promote natural

dune-building processes, such as beach grass planting and installation of sand fencing. It is unlikely that
dune restoration activities would impact benthic communities or EFH/HAPC within or near the Seashore.
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Offshore Impacts

Dredging for sediment management actions could directly impact offshore marine water column, soft
bottom, sandy shoal, Sargassum EFH, Sargassum habitat HAPC, and sandbar shark HAPC. The marine
water column EFH in the offshore area would be deeper over the shoal following removal of the sediment
(dredge cut depth would be likely to reach or exceed approximately 6 ft, or shallow enough to not have a
measurable effect on wave climate), and only a relatively small portion of the offshore shoal would be
disturbed if hopper dredges are used (CSE 2015). However, the dredge operator may elect to use some
combination of hopper dredge and cutterhead dredge. The latter would dredge up to a maximum of 8 ft
(maximum allowed under North Carolina law) over an incrementally smaller footprint, leaving more of
the shoal area undisturbed. Hardbottom EFH and HAPC, including artificial reefs, would be avoided to
the maximum extent practicable, see mitigation measures under alternative B in chapter 2.

Dredging of any kind would result in the direct removal of benthic fauna including the infaunal (living
within the substrate) and epifaunal (living on the substrate) organisms in that habitat. BOEM’s MMIS
indicates that approximately 29,000 acres of sand resources are available off the coast of the Seashore, of
which only approximately 1% would be used in a given year, ensuring similar substrate would remain in
the borrow area subsequent to dredging (BOEM 2019a). Many benthic fauna are highly opportunistic
(Posey and Alphin 2002), which promotes rapid recovery of former dominant species and abundances
(Van Dolah et al. 1984). Therefore, recruitment of a similar suite of benthic organisms is expected within
the potential borrow areas (Van Dolah et al. 1984; Posey and Alphin 2002; BOEM 2013; CZR
Incorporated and CSE 2014). Results from similar projects along with the corresponding sediment
characteristics between native beach sands, borrow sands, and underlying sands in the borrow area,
support the expectation that recolonization would be rapid, from as little as one month (Sanchez-Moyano
et al. 2004) to two years (Van Dolah et al. 1984; Johnson and Nelson 1985; Posey and Alphin 2002;
Roman-Sierraetal. 2011; BOEM 2013; CZR Incorporated and CSE 2014). However, benthic recovery
time is highly variable and could take longer depending on site conditions (Greene 2002; Speybroeck et
al. 2006; Baptist et al. 2009; BOEM 2013).

Borrow area dredging could lead to changes in the sediment composition and biological community at the
dredge site (Crowe et al. 2016; Wilbur et al. 2009). The rate and composition of sediment refilling of
dredge pit depends on the mobility of adjacent sediments and wave and current energy (Van Dolah et al.
1998). In many locations, dredge pits fill with adjacent sandy sediments, but in others, dredge pits may
fill with finer, more mobile sediments such as clay, silt, or fine sands (Van Dolah et al. 1992; VVan Dolah
et al. 1994; Van Dolah et al. 1998; Crowe et al. 2016). Studies conducted in South Carolina have
indicated that the location of borrow areas strongly influences the type of sediment that refills the borrow
area. Borrow areas near the north end of a barrier island tend to accumulate finer sediments, while areas at
the south end of the island refill with sand from adjacent areas (VVan Dolah et al. 1998; Crowe et al. 2016).
This is likely due to the placement of borrow areas relative to inlets where ebb tides carry finer sediments
from estuaries seaward through navigation channels. In South Carolina, coastal currents then carry the
sediment southwest towards the borrow areas where the pits slow current speed allowing the sediment to
settle (Blanton et al. 1997). Prevailing coastal currents at the Seashore also move from north to south, and
sediment transport could be similar; however, studies to determine if sediment transport at the Seashore
follows a similar pattern have not been conducted.

Borrow area dredging could lead to hypoxic or anoxic conditions when it involves the digging of steep banked,
deep holes that prevent normal flow and exchange of water. Although common in past decades, current
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standard dredging practices avoid the creation of these deep pits (NMFS 2020b). Also, dredging could
resuspend toxins if sediments at the borrow site are contaminated. Under alternative B, sediments within
potential borrow areas would be tested for contamination prior to selection of the project borrow site(s) in
order to avoid resuspension of toxins at the dredge site and introduction of toxins at the placement site.

Based on multiple studies of similar borrow areas and benthic population recovery (BOEM 2013) and the
specific results of the Nags Head benthic monitoring program (CZR Incorporated and CSE 2014), the
effect of dredging sand from offshore borrow areas on the benthic community and sandy shoal EFH at the
Seashore would be minimal for the following reasons:
1) Areas of offshore sandy substrates like the potential borrow areas typically recover more quickly
than intertidal or shallow water benthic communities (Van Dolah et al. 1984; Johnson and Nelson
1985; Posey and Alphin 2002; Sanchez-Moyano et al. 2004; Roman-Sierra et al. 2011);
2) Areas of the potential shoal would be left undisturbed to serve as refugia and recolonization
resources; and
3) Standard dredging practices would avoid the creation of pits which could infill with finer
sediments than normal for the area and promote rapid colonization by undesirable, early
successional benthic species.

Dredging would also increase turbidity within the water column. Near-bottom sediment plumes caused by
hopper dredges would extend from 2,300 to 2,400 ft down-current from the dredge (USACE 2015). Total
suspended solids (TSS) concentrations may be as high as several hundred mg/L near the discharge port
and as high as several tens of mg/L near the draghead. Concentrations would typically range from 80.0-
475.0 mg/L near hopper dredge operation (GARFO 2020). Depending on local hydraulics and sediment
composition, the majority of suspended sediments would resettle close to the dredge within one hour,
although very fine particles may settle only to be re-suspended by subsequent ebb or flood currents
(GARFO 2020). The TSS levels expected for hopper dredging (maximum of 475.0 mg/L) would be
below those shown to have adverse effect on fish (Wilber and Clarke 2001), as stated above. However,
TSS levels, if they reach the maximum, could be high enough to impact sessile benthic invertebrates by
clogging gills or feeding systems (Reilly and Bellis 1983; NRC 1995; Greene 2002).

TSS levels associated with cutterhead dredging would not be as high as those generated by hopper
dredging. Modeling indicated that elevated TSS levels caused by cutterhead dredging would be detectable
within the bottom 6 ft of the water column and would extend approximately 1,000 ft from the dredge
(USACE 2015), and studies indicate elevated TSS levels would be present within a 900 to 1,500 ft radius
of the dredge (Wilber and Clarke 2001). TSS levels from cutterhead dredges would typically range from
11.5t0 282.0 mg/L (USACE 2015). Overall, TSS levels from cutterhead dredge operation would be
below the level that would be expected to impact fish or benthic invertebrates.

Suspended sediments would be expected to settle from the water column within a relatively short time
(minutes to an hour) subsequent to the ending of dredging operations. Settling velocities of sand-sized
particles (approximately 0.1 to 2.0-mm diameter) would roughly be in the range of 1 to 20 centimeters per
second in quiet water (Komar 1998). Thus, settling would occur in seconds to minutes for sand-sized
particles in the range of depths typical of the seashore, including the potential borrow areas (CSE 2015).
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The following list of considerations to minimize impacts to EFH and benthic habitats was developed in
coordination with the NCDMF and NMFS during early project planning for the 2014 emergency project
at Rodanthe. The following measures have been used in previous projects and would reduce physical and
biological impacts to benthic communities and EFH and assure that any adverse impacts are short-term
and localized:

= Promote quick benthic recovery through shallow borrow area excavation, as described in

chapter 2.

= Use topographic highs and/or areas of high sediment mobility within the borrow area.

®  Encourage dredge operations that leave behind unimpacted ridges to allow for recovery.

= Avoid hard bottom resources (within the nearshore toe of fill and offshore borrow area).

Additional actions under alternative B would include dune nourishment, sand relocation, and habitat
restoration. These activities would have little to no effect on offshore benthic communities and EFH.

Under alternative B, sediment management activities would occur on up to 6 miles of beach annually at
the Seashore. Approximately every 5 years, up to 12 miles of beach could receive nourishment due to
emergency actions. The volume of dredging to supply material for these sediment management activities
would impact a small percentage (less than 1%) of the total offshore sand resources available at the
Seashore (BOEM 2019a). As stated above, benthic community recovery is anticipated to take between six
months to several years of dredging impacts. Increased turbidity from active dredging would cover a
larger areal extent at any given time; however, as discussed above, sediments in the water column would
settle out quickly once the dredging ceased or the dredge moved to another location (Komar 1998; Wilber
and Clark 2001; USACE 2015). Therefore, completinga maximum of 6 miles of beach nourishment in an
average year and up to 12 miles every 5 years would result in a temporarily depleted benthic community
over a small area of offshore substrate but would not impact the overall condition of the EFH or the
benthic community offshore of the Seashore as a whole.

Cumulative Impacts

Past, present, or reasonably foreseeable actions that would affect benthic communities and EFH under
alternative B would be the same as described above under alternative A, and based on the results of
various benthic community monitoring studies, some benthic communities in areas impacted by past
activities would have recovered but other areas could have been permanently impacted (Greene 2002;
Speybroeck et al. 2006; Baptist et al. 2009; Wilber and Clark 2007; Wilber et al. 2009; CZR Incorporated
and CSE 2014; Rosov et al. 2016; Wooldridge et al. 2016). As described for alternative A, roadway
improvement projects, particularly the Bonner Bridge replacement project (now “Basnight Bridge”),
Phase 1, have permanently impacted benthic communities and EFH with the installation of support
pilings which changed local hydraulics. Future roadway improvement projects, Phase 2 of the Bonner
Bridge replacement project in particular, would have similar impacts. Dredging activities at Oregon Inlet
would severely impact the benthic community within the inlet because dredging would occur so frequently
over the 10-year project timeline that the community would not have time to recover between events. The
repeated dredging would also reduce or eliminate the value of the inletas HAPC. In addition, the Coastal
Species of Concern Predation Management Plan would benefit the benthic community by reducing
predation pressure on benthic organisms present in the wet beach environment by removal of ghost crabs
(Posey et al. 2002). Predator management is unlikely to affect EFH/HAPC at the Seashore.
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Alternative B would periodically impact benthic communities, in the wet beach and subtidal
environments, and EFH with sediment management activities, primarily beach nourishmentor dredging.
Impacts would include removal or burial, followed by at least three years between projects at the same
site, which provides the benthic community more than the two years required for complete recovery. Sand
placement would also enhance the wet beach, intertidal habitat, and nearshore subtidal habitat by reducing
the slope of the beach profile, resulting in reduced wave energy and greater community abundance and
diversity. Although little information is available concerning benthic impacts from repeated nourishment
events, regular sand placement in these habitats would likely lead to a depleted benthic community being
present most of the time. Alternative B would impact EFH and HAPCs by burial of some near shore
benthic habitat, leading to a reduction of prey base, and increases in turbidity during sediment
management activities. It would also impact tidal marsh and SAV habitats by providing sediment to
increase accretion rates to keep pace with relative sea-level rise. Ongoing use of sand bags on private
property would adversely affect benthic organisms and associated habitat on a temporary and highly
localized basis. Furthermore, use of sand bags on non-NPS lands may decrease under the scenario where
alternative B is implemented (as compared to alternative A).

The literature and past experience suggest the benthic community and EFH/HAPCs have recovered from
past activities within and near the Seashore, including beach nourishment and inlet channel dredging.
Roadway improvements have permanently impacted benthic communities and EFH and would likely
continue to do so as road construction projects continue. Predation management would remove predation
pressure on benthic invertebrates without impacting EFH/HAPCs. Future dredging activities are likely to
impact the benthic community and EFH/HAPC within Oregon Inlet by continuously removing benthics and
degrading the habitat with elevated levels of turbidity. When combined with the impacts of past, present,
and reasonably foreseeable actions, alternative B would result in adverse impacts to benthic communities
and EFH/HAPC, with the incremental impacts of alternative B contributing most of the impacts.

Conclusion

Compared to alternative A, beach nourishment under alternative B would likely provide a wider dry-sand
beach and restore a less steep beach profile. This would increase the areal extent of wet beach habitat for
benthic organisms compared to existing conditions. Furthermore, the beach would develop a less steep
profile, which would reduce the wave energy in the intertidal and subtidal habitats (Speybroeck et al.
2006). A less steeply sloped wet beach zone would increase the diversity and abundance of benthic
communities (McLachlan 1996). These effects could also improve the nearshore EFH for benthic and
demersal fish that forage within intertidal and nearshore subtidal habitats by providing more habitat for
benthic invertebrates and an increase in foraging resources (Peterson and Manning 2001). Under
alternative B, however, benthic organisms could also be adversely affected by the settlement of suspended
sediments. In addition, if TSS levels are high enough, they could impact sessile benthic invertebrates by
clogging gills or feed systems (Reilly and Bellis 1983; NRC 1995; Greene 2002). However, measures
used in previous sediment management projects could help reduce these physical and biological impacts
to benthic communities and EFH to assure that any adverse impacts are short-term and localized. These
impacts would occur over a total of 6 miles of beach per year in typical years. Approximately every 5
years, up to 12 miles of beach could receive nourishment due to emergency actions. The volume of
dredging to supply material for these sediment management activities would impact a small percentage
(less than 1%) of the total offshore sand resources available at the Seashore (BOEM 2019a). As stated
above, benthic community recovery is anticipated to take between 6 months to several years of dredging
impacts. Increased turbidity from active dredging would cover a larger areal extent at any given time;
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however, as discussed above, sediments in the water column would settle out quickly once the dredging
ceased or the dredge moved to another location (Komar 1998; Wilber and Clark 2001; USACE 2015).
Therefore, completing a maximum of 6 miles of beach nourishment in an average year and up to 12 miles
every 5 years would result in a temporarily depleted benthic community over a small area of offshore
substrate but would not impact the overall condition of the EFH or the benthic community offshore of the
Seashore as a whole. Alternative B would also preserve approximately 13 noncontiguous miles
(approximately 20% of the Seashore) as reference areas and remove them from consideration for
sediment management activities in all cases except for emergencies. The Seashore would complete
ecological studies in these areas that could be used for comparison to areas impacted by sediment
management activities. In addition, alternative B would require biological monitoring before and after any
significant sediment management project for the purposes of learning and improving conditions
associated with future projects.

Over the life of the proposed framework (20 years), it is anticipated the completion of sediment
management activities would benefit the intertidal and subtidal benthic communities and the quality of
EFH and HAPC throughout the Seashore, as it would reduce impacts from relative sea-level rise, storms,
and climate change such as washovers, inlet breaches, and shoreline erosion, as described under
alternative A. The impacts that would occur as a result of sediment management activities are considered
temporary and limited in spatial extent.

Over the life of the proposed framework, it is anticipated that the completion of sediment management
activities would not impact the sustainability of the offshore subtidal benthic community or reduce the
quality of the offshore EFH throughout the Seashore. Benthic monitoring has demonstrated that the subtidal
benthic community within offshore borrow sites could reestablish itself ina recently dredged area within
two years (BOEM 2013; CZR and CSE 2014), although it could take longer depending on site conditions.
Therefore, the currently proposed size and rate of projects would not result in a substantial loss of benthic
fauna in the offshore area adjacent to the Seashore. Given the temporary nature of the impacts to EFH for
any individual project, including an increase of sediment load in the water column and reduction of prey
species, it is unlikely the overall quality of EFH offshore of the Seashore would be reduced by the proposed
sediment management actions.

Alternative C

Under alternative C, sediment management activities would be expected to occur on up to 6 miles of
beach every 5 years, rather than every year as could be permitted under alternative B. This would cause
similar impacts as described in detail under alternative B but to a lesser extent. In addition, alternative C
would not establish reference areas, so no area at the Seashore would be removed from consideration for
beach nourishment and no reference monitoring would occur.

Onshore and Nearshore Impacts

Impacts to EFH and HAPC from sediment management activities under alternative C would be similar to
those described for alternative B. Sand placement on beaches and within intertidal zones would bury
benthic communities and reduce local prey availability within the project footprint (Peterson and
Manning 2001, Greene 2002, Speybroeck et al. 2006, Baptist et al. 2009, Wilbur et al. 2009, Rosov et al.
2016). It is anticipated benthic communities would recover within six months to several years, as
described under alternative B, assuming that sediment placed in the intertidal zone at the beach would
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match the existing native sediment (Greene 2002, Speybroeck et al. 2006, Baptist et al. 2009, Wilber et al.
2009, CZR Incorporated and CSE 2014, Rosov et al. 2016). EFH would also experience increases in
turbidity during sand placement. This would reduce visibility in the water and decrease foraging and prey
avoidance abilities in fish (Peterson and Manning 2001, Greene 2002, NMFS 2003). Reduced light due to
turbidity would also impact phytoplankton and primary productivity of SAV, particularly seagrass
(SAFMC 2009b, Gregg 2013). The settling of suspended sediments could also increase accretion in tidal
marsh and SAV HAPCs to keep pace with relative sea-level rise. After completion of sand placement,
beach equilibration would increase turbidity in offshore habitats (NRC 1995), and sediment carried from
the beach during equilibration could bury offshore EFH/HAPC (Lohrer et al. 2004, Wilber et al. 2009,
NCDEQ 2016).

Under alternative C, dune restoration would also occur, including activities that would promote natural
dune-building processes, such as beach grass planting and installation of sand fencing. It is unlikely that
dune restoration activities would impact benthic communities or EFH/HAPC within or near the Seashore.

Impacts from proposed habitat restoration projects would be similar to those described above and as
detailed for alternative B except that habitat restoration may involve the placement of thinner layers of
sediment, through which buried benthic organisms could migrate to the surface. The thickness of the
overburden layer during beach nourishment is typically greater than 1 meter, which would result in a total
loss of benthic species within the project footprint (Greene 2002; Speybroeck et al. 2006; Baptist et al.
2009). Several species of benthic invertebrates have demonstrated the ability to migrate through 60 to 90
centimeters of sand or 20 to 60 centimeters of mud to reach the surface (Essink 1999); therefore, some
species of benthics invertebrates could survive burial under thinner layers of sediment. The impacts on
EFH/HAPC would be the same as described above including increases in turbidity and loss of prey base.

Breach fill impacts would be similar to other sediment management activities and would include burial of
the entire benthic community. The primary difference is that the resulting habitat would be dry and
therefore unavailable for recruitment of benthic invertebrates. It is anticipated that breach fill would
return the area to the same conditions present prior to the formation of the breach, and therefore it is
unlikely that there would be an overall loss of benthic habitat. Breaches would not be EFH/HAPC and the
impacts from breach fill would be the same as described above including turbidity and loss of prey base.

Although under alternative C the impacts of each project would be the same as under alternative B, there
would be fewer sediment management actions over the next two decades, so the impacts would occur
over amuch smaller area, i.e., 6 miles every 5 years, than under alternative B which includes 6 miles per
year with 1 year in 5 having 12 miles of sediment management activity. There would also be fewer areas
that would experience repeated sand placement. This would provide more recovery time for impacted
benthic communities, and it would lead to fewer areas that would remain depleted of benthic resources by
repeated treatments (Manning et al. 2014). Fewer sediment management actions would also reduce the
frequency of impacts such as turbidity that are generally temporary in nature. Smaller amounts of sand
placed on the beach over time would reduce the potential for impacts to EFH from sand transported
offshore during beach equilibration, including burying of habitats such as hard bottom (Lohrer et al. 2004,
Wilber et al. 2009; NCDEQ 2016). In addition, alternative C would not preserve reference areas and
would not conduct reference monitoring. This would leave the entire Seashore open to sediment
management activities and the associated impacts. The lack of monitoring would not increase impacts, but
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it could hinder the abilities of project proponents and regulators to reduce impacts and increase
sustainability of sediment management projects.

Offshore Impacts

As described in detail under alternative B, dredging would impact the benthic community in the potential
borrow areas by directly removing organisms and sediments. Dredging could also result in changes to
sediment composition at the dredge site which would alter the biological community (Crowe et al. 2006;
Wilber et al. 2009). During dredge operation, sediment removal would increase turbidity at and around the
dredge. Increased turbidity and the settlement of suspended solids could clog gills of benthic invertebrates
and feeding structures of filter feeders (Reilly and Bellis 1983; NRC 1995; Peterson and Manning 2001;
Greene 2002; Baptist et al. 2009; USACE 2015; GARFO 2020). Settlement of suspended solids onto
benthic organisms could also reduce local abundance of the community (Lohrer et al. 2004).

Dredging would remove or alter EFH and HAPC including soft bottom, sandy shoal, Sargassum, and
hard bottom resources. As described for alternative B, hardbottom EFH and HAPC would be avoided to
the maximum extent practicable. Dredge activity would also increase turbidity in the potential borrow
area. As described for alternative B, increased turbidity could reduce foraging and prey avoidance ability
in fish (Peterson and Manning 2001; Greene 2002; NMFS 2003), but TSS levels would be below those
that would impact fish (Wilber and Clarke 2001).

Under alternative C, fewer sediment management actions over the timeline of the plan would reduce the
amount and frequency of sand removal from potential borrow areas. Fewer impacts to benthic
communities and habitats in these areas would occur, and benthic communities would have more time to
recover following dredging.

Cumulative Impacts

Past, present, or reasonably foreseeable actions that would affect benthic communities and EFH would be
the same as described above under alternative B and alternative A. Alternative C would impact benthic
communities and EFH by removing benthic communities by burial or dredging, increasing turbidity
during dredging or sand placement, and potentially provide sediment for accretion in marshes and SAV to
keep pace with relative sea-level rise. These impacts are similar to those described in detail for

alternative B, but alternative C would cause a lower magnitude of these impacts over the next two
decades. When combined with the impacts of past, present, and reasonably foreseeable actions,
alternative C would likely result in adverse impacts to benthic communities and EFH/HAPC, with the
incremental impacts of alternative C contributing most of the impacts.

Conclusion

Alternative C would result in similar project specific impacts to alternative B and would help reduce
impacts from relative sea-level rise, storms, and climate change such as washovers, inlet breaches, and
shoreline erosion as described under alternative A. Under alternative C, the beach would also develop a
less steep profile, which would reduce the wave energy in the intertidal and subtidal habitats (Speybroeck
et al. 2006). A less steeply sloped wet beach zone would increase the diversity and abundance of benthic
communities (McLachlan 1996). These effects could also improve the nearshore EFH for benthic and
demersal fish that forage within intertidal and nearshore subtidal habitats by providing more habitat for
benthic invertebrates and an increase in foraging resources (Peterson and Manning 2001). However,
projects would occur at a lesser frequency resulting in less disturbance to the benthic community and
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EFH/HAPC. Over the course of 5 years, it is anticipated that impacts from sediment management
activities would not exceed 9% of the Seashore.

Over the next 20 years, it is anticipated that the completion of sediment management activities under
alternative C would not impact the sustainability of the offshore subtidal benthic community or reduce the
quality of the offshore EFH throughout the Seashore. Therefore, the rate of projects under alternative C
would not result in a substantial loss of benthic fauna in the offshore area adjacent to the Seashore. Given
the nature of the impacts to EFH (anticipated to last between 6 months to several years) for any individual
project, it is unlikely the overall quality of EFH offshore of the Seashore would be reduced by sediment
management activities as they would be completed under alternative C.

Comparative Conclusion of Alternatives

Under alternative A, benthic communities and EFH/HAPC within the wet beach and nearshore
environments on the Atlantic and Pamlico Sound sides of the Seashore and at the inlets may be impacted
by continued erosion leading to potential habitat disappearance and degradation including steeper beach
profile and recurrent inlet breaches. Although it is difficult to predict the specific consequences of relative
sea-level rise and the human activities conducted at the Seashore, modeling studies of relative sea-level
rise have predicted a reduction in intertidal habitat and a decline in intertidal benthic communities.
Modeling studies have also indicated that relative sea-level rise would reduce certain types of EFH
including intertidal mud flats, SAV, and tidal marsh, and would lead to a decline in abundance and
diversity of the benthic communities within these habitats. However, unvegetated, subtidal bottom and
pelagic EFH, estuarine water column, soft bottom, and hard bottom, could benefit from increased depth of
the water column and associated increases in productivity and nutrient uptake of phytoplankton which
would improve food resources available in benthic communities and EFH.

Compared to alternative A, alternative B would likely provide a wider dry-sand beach and restore a less
steep beach profile through sediment management at specific sites. This may temporarily improve habitat
for benthic communities and help to mitigate the effects of relative sea-level rise. Alternative B would result
in the burial of benthic communities at the project site, with impacts anticipated to last between six months
to several years. Unlike alternative A, alternative B would temporarily introduce more turbidity into the
water column, impacting EFH and HAPCs. Completing a maximum of 6 miles of beach nourishmentin a
year would involve dredging impacts that would result in a temporarily depleted benthic community over a
small area of offshore substrate in the potential borrow areas, but would not impact the overall condition of
the EFH or the benthic community offshore of the Seashore as a whole. If an emergency is declared
following a severe storm event, an additional 6 miles of sediment management may be permitted every five
years. Impacts from this scenario would likely be the same as those mentioned above, but at a slightly larger
magnitude. Alternative B would also preserve approximately 13 noncontiguous miles (approximately 20%
of the Seashore) as reference areas and remove them from consideration for sediment management activities
in all cases except for emergencies. These reference areas may be used to perform comparative studies with
nourishment project study areas. Information gained from these studies could further improve conditions
associated with future projects, including modification of the frequency and timing of sediment management
activities and other project parameters.

Alternative C would also provide a wider dry-sand beach, but sediment management activities would
occur at fewer locations, less often than under alternative B. The impacts of each individual project would
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be the same as those described for alternative B, but the collective impact of all sediment management
activities would be much less. Under alternative C, sediment management activities would occur along 6
miles of beach over a period of 5 years, rather than 6 miles each year as assumed under alternative B. It
can be assumed that trends discussed in chapter 3 would continue under this alternative since project
frequency would be similar to historic frequencies. Alternative C would not preserve reference areas,
incorporate beneficial monitoring, or establish a holistic framework.

Alternative C would result in project specific impacts similar to alternative B; however, projects would
occur at a lesser frequency resulting in less disturbance to the benthic community and EFH/HAPC. Over
the course of 5 years, it is anticipated that impacts from sediment management activities would not exceed
9% of the Seashore.

While impacts from sediment management activities under alternative B are anticipated to last from six
months to several years for benthic communities and EFH, alternative B may help maintain the continuity
of the barrier island system at a management scale (months to years) by increasing or maintaining the
volume of sediments available for erosion along some sections of the beach, dune, and sound side
shorelines, thus creating and maintaining habitat for benthic communities. Because alternative A would
not permit sediment management activities beyond emergency actions within the NC 12 ROW and
alternative C would continue sediment management activities at a rate similar to current management, it is
anticipated they may not maintain the barrier island system as effectively as alternative B.

SEA TURTLES

Methodology for Analyzing Impacts

The ESA (16 USC 1531 et. seq.) mandates that federal agencies ensure that any action authorized, funded,
or carried out by the agency is not likely to jeopardize the existence of any endangered or threatened species
or destroy or adversely modify their critical habitat, by consulting with the FWS and NMFS. Prior to any
individual sediment management projects, site-specific design could be subject to project-specific
permitting by the USACE.

Impact Analysis

Alternative A (No-Action Alternative)

Onshore and Nearshore Impacts

As discussed in detail under the “Littoral Processes and Barrier Island Morphology” section, under

alternative A, relative sea-level rise and increased frequency and severity of storm events would resultin
varying rates of beach erosion and bring the wetted portion of the beach inland closer to the foredune or
development and roadways leading to loss of dry sandy beach (Fish et al. 2005; Baker et al. 2006). Climate
change would also impact sea turtle nesting by increasing the frequency and severity of storms that can erode
or inundate nests (Michener 1997; Leatherman 2000; Pike and Stiner 2007; Van Houtan and Bass 2007),
increasing density dependent impacts to nesting success (Tiwari etal. 2006), and elevating nest temperatures to
levels that alter sex ratios or hatching success (Hawkes et al. 2007; Fuentes et al. 2010).
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Sea turtles require dry sand beaches from 1.5 ft to 3.0 ft in depth for nesting (Tomillo et al. 2017).
Relative sea-level rise and erosion may narrow the area which is suitable for sea turtle nesting and in
general reduce the areal extent of appropriate nesting habitat (Baker et al. 2006; Reece et al. 2013).
Habitat loss could be exacerbated in developed areas where the beach cannot naturally migrate inland in
response to relative sea-level rise (Mazaris et al. 2009). The reduction in nesting habitat could cause an
increase in false crawls, cause female turtles to nest in unsuitable locations or expend energy to find other
areas that are appropriate for nesting. In some locations, the beach may become too narrow to support
nesting by sea turtles, or the water levels on the beach may rise to a level that would inundate turtle nests
causing nest failure. Lower, narrower beaches are more susceptible to sea-level rise than higher, wider
beaches (Fish et al. 2005). A decrease in suitable nesting habitat could cause more sea turtles to nest
within the remaining appropriate habitats. This could generate high nest densities on some beaches, and it
may lead to an increase in density dependent impacts to sea turtle nests (Baker et al. 2006; Tiwari et al.
2006; Mazaris et al. 2009; Leighton et al. 2010). Density dependent impacts to sea turtle nests could
include the destruction of existing nests by turtles excavating new nests and an increase in nest and
hatchling predation in areas where nest densities are higher (Tiwari et al. 2006).

An increase in frequency and intensity of storm events would increase the overwash/inundation of sea
turtle nests and the loss of nests to erosion (Milton et al. 1994; Addison et al. 1998; Van Houtan and Bass
2007). Addison et al. (1998) compared nest loss at a beach in Collier County, Florida, during a
particularly active hurricane season, 1995, with nest loss during the previous and subsequent years which
were more typical for the Atlantic Region, 1994 and 1996. In 1995, during an active storm season, 83% of
nests were inundated and 27% of nests were washed out by erosion. In 1994 and 1996, 23% and 11% of
nests were inundated and 1% and 2% of nests were washed away, respectively. This indicates a
considerable increase in nest loss due to hurricane events. In addition, VVan Houtan and Bass (2007)
determined that at Dry Tortugas National Park, nest flooding is higher when tropical storm intensities are
greater, and hatchling success declines as tropical storm intensity increases. At the Seashore, more intense
tropical storms have inflicted greater impacts on sea turtle nests than other high tide events which may
cause nest inundation or erosion. From 2014 to 2018, documented sea turtle nest loss to erosion caused by
named tropical storms totaled 61 nests, compared to 27 nests lost to erosion during other high tide events
(NPS 2017c; NPS 2017j; NPS 2017k; NPS 2018d; NPS 2019d). In addition, overwash fans caused by
storm flooding could bury nests, trapping hatchlings and reducing emergence success (Milton et al. 1994).

To mitigate the effects of storm events, sea turtles distribute their nests both spatially and temporally and
deposit large numbers of eggs into each nest. This strategy ensures that the total annual hatchling
production is never fully affected by storm-generated beach erosion and inundation, although local effects
may be high. During erosion events at the Seashore, some nests could be uncovered or completely washed
away. Nests that are not washed away could suffer reduced reproductive success as the result of frequent
or prolonged tidal inundation (NPS 2017c, 2017}, 2017k, 2018d, 2019b). Egg saturation with seawater
could lead to embryonic mortality (Milton et al. 1994). However, Erest and Martin (1999) determined
that although frequent or prolonged tidal inundation resulted in fewer emergent hatchlings, occasional
overwash of nests appeared to have minimal effect on reproductive success. Accretion of sand above
incubating nests could also result in egg and hatchling mortality (Ernest and Martin 1999).

Offshore Impacts
NPS implementation of alternative A would not impact offshore sea turtles.
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Cumulative Impacts

Past, present, or reasonably foreseeable actions that affect sea turtles include beach nourishment activities,
channel dredging and dredge disposal, use of sand bags on private property, predation management for
coastal species of concern, and ORV management. Beach nourishment activities have been reported to
alter dry beach nesting habitat, deter nesting, and reduce hatch or emergence success. Observed declines
in nesting on nourished beaches have been attributed to modification of the natural beach profile,
sediment compaction, and escarpment formation. Typically, nesting activities return to normal in the
second or third nesting season after project completion (FWS 2017). Nesting and hatchling impacts from
beach nourishment have not been documented at the Seashore, and nests laid during the 2018 nesting
season within the footprint of the 2017 Beach Restoration to Protect NC Highway 12 at Buxton Project
exhibited higher hatch and emergence success than exhibited on average by other nests laid on beaches
that were not nourished during the same season (NPS 2019d). Positive nesting results at the Seashore
were most likely due to mitigation measures conducted during and after beach nourishment projects.
These measures include ensuring material placed on the beach was similar to the existing beach sediment
in terms of grain size and composition, identification and removal of escarpments, and soil density testing
and tilling to identify and alleviate sand compaction. Beach nourishment projects at Nags Head (2011 &
2019); Rodanthe-Pea Island NWR (2014); Buxton (2017-spring 2018); and Duck, Kitty Hawk, and Kill
Devil Hills (2017) followed similar mitigation measures to minimize impacts to sea turtles. Sea turtle
impacts and benefits of sand placement onto beaches are described in detail below under alternative B.
Overall, beach nourishment projects completed at the Seashore have benefited nesting sea turtles by
helping to offset beach recession due to relative sea-level rise and preserving areas for sea turtle nesting.

Dredging at borrow locations could also entrain sea turtles (NMFS and FWS 2008; NMFS 2020b), and
this has been recorded, albeit rarely, in association with beach nourishment projects on the Outer Banks.
Other impacts at borrow locations would include those from sea turtle relocation by trawlers that removes
turtles from the path of active dredges. Sea turtle relocation in itself is considered a take by the ESA and
potential impacts could include physiological stress effects from forced submergence (Lutcavage and
Lutz 1997; NMFS 2020b). Forced submersion of female sea turtles could also cause them to release part
or all of an egg clutch into the water (NMFS 2020b). The impacts from dredging at potential borrow
locations is described in detail under the alternative B impacts discussion.

Channel dredging and dredge disposal may impact sea turtles by entrainment of turtles during dredging
and modification of the beach at the location of disposal including changing the beach profile, sediment
compaction, and escarpment formation (similar to beach nourishment). Although small numbers of sea
turtle takes have occurred during dredging for beach nourishment projects on the Outer Banks, no sea
turtle take has been reported for dredging operations at Oregon Inlet. Telemetry data indicate sea turtles
have traveled through Oregon Inlet while dredging activities were underway (McClellan 2009), and it is
likely that sea turtles swam through and were not adversely affected by temporary increases in turbidity
(USACE 2018; GARFO 2020). No negative sea turtle nesting impacts have been reported for the sand
placement. In 2019, Dare County approved a contract to dredge Oregon Inlet for 340 days per year over
the next 10 years. It is expected that sea turtle impact by entrainment is unlikely and they would swim
through the turbidity plume to avoid the area (GARFO 2020).

NCDOT projects conducted at the Seashore include the construction of Basnight Bridge crossing Oregon

Inlet and connecting Bodie Island with Hatteras Island. NCDOT also conducts dune restoration along
NC 12 involving the removal of overwash sediment from the road to create dunes within the NC 12 ROW
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and protect the road from future flooding. To date, no sea turtle impacts have been reported by the
Basnight Bridge construction, and because the bridge construction will not impact nesting beaches, no
impacts would occur from the completion of the project. Dune restoration could impact sea turtles by
removing small areas of nesting habitat within the ROW of NC 12; however, dunes are likely to benefit
sea turtles by creating a buffer between the nesting beach and the road and reducing artificial light that
may misorient nesting females or emerging hatchlings (Witherington and Martin 2000).

Sand bags may continue to be placed on private property and within the NCDOT ROW, and use may
increase in the future under this alternative due to relative sea-level rise and more storms. Increased sand
bag use could result in fewer successful sea turtle nesting emergences on the beach in front of the sand
bags (Mosier and Witherington 2000). Sand bags would also limit sea turtle access to the back beach and
foredune, and nests on beaches with sand bags would occur at lower elevations where they would be more
susceptible to repeated inundation and erosion (Fish et al. 2005). Sand bags can also cause wave
reflection and scour, processes that accelerate beach erosion seaward of the structure and steepen the
offshore sediment profile (Kraus and McDougal 1996), and they prevent the natural landward migration
of the beach system that may lead to the eventual loss of beach nesting habitat at that location (Rice
2009). Sand bag structures may also deteriorate, scattering bags and debris on the beach. Hatchlings do
not avoid obstacles on the beach, so this debris may impede hatchlings migrating from the nest to the
water and may lead to an increase in hatchling mortality from predation or dehydration (NMFS and FWS
2008; Triessnig et al. 2012). However, the projects envisioned under this cumulative action would be
relatively small-scale (to protect individual private structures not on the Seashore beaches and NC 12) and
would rarely take place on areas of the beach potentially used by sea turtles. Therefore, any adverse
impacts on sea turtles would be highly localized, allowing for rapid recovery and recolonization following
sand bag removal.

The Coastal Species of Concern Predation Management Plan could reduce nest and hatchling predation
(NPS 2019b) by reducing prey species in the vicinity of sea turtle nesting. ORV use would result in
compaction of sand, creation of ruts, and potential erosion on the beaches. These changes in sand may
result in diminished nesting habitat for sea turtles. Additionally, ORV use could contribute to false crawls
and strikes if nesting events occur within the ORV area. However, survey, monitoring, seasonal and night
restrictions, and buffers would be undertaken to minimize these impacts.

For these reasons, past beach nourishment activities, channel dredging and dredge disposal, roadway
improvements, and predation management have generally benefited sea turtles with some adverse impacts
that are spatially and temporally limited. Future dredging activities are likely to impact sea turtles by
limiting access to important foraging areas in Pamlico Sound, and although unlikely, impacts from
entrainment are possible. ORV use may result in some adverse impacts, but protections are in place to
avoid or minimize these impacts. When combined with the impacts of past, present, and reasonably
foreseeable actions, alternative A would contribute noticeable adverse impacts to sea turtles from
continued erosion, loss of shoreline, and the resulting degradation of potential nesting habitat.

Conclusion

Sea turtles have experienced shifts in climate and sea level over their evolutionary histories, and they
have responded by shifting their distributions to more suitable habitat (Reece et al. 2013). Tracking
studies indicate loggerhead sea turtles alter their nesting distributions over small spatial scales in response
to climate change (Schofield et al. 2010). Sea turtles at the Seashore would also be likely to find new
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nesting locations as nesting beach area is lost. Redistribution of nesting locations would be complicated
by coastal development (Mazaris et al. 2009) and the speed of sea-level rise (Fuentes et al. 2010). Sea-
level rise is occurring quickly when compared to the evolutionary time frame, and sea turtles may not be
able to adapt to nesting beach changes and alter their nest distribution fast enough to mitigate the loss of
nesting beaches. If not, the density dependent impacts observed at other nesting beaches, such as intra-
specific nest destruction and increased predation (Baker et al. 2006; Tiwari et al. 2006; Mazaris et al.
2009; Leighton et al. 2010), could occur at the Seashore and reduce overall nest productivity. The nesting
trends described in chapter 3, are likely to decrease as available habitat decreases.

Alternative B (Proposed Action / Preferred Alternative)

Alternative B would result in a temporary disturbance to sea turtles as a result of sediment management
activities. Specifically, dredging at offshore borrow locations and placement of sand on the beach would
have the greatest potential for impacts on sea turtles. As described in chapter 2, offshore conditions may
be too rough during the fall and winter to safely accommodate offshore dredging operations. Itis likely
that some project activities would occur in the spring and summer when sea turtles are nesting at the
Seashore and present in offshore waters adjacent to the Seashore.

Onshore and Nearshore Impacts

Under alternative B, sediment management activities would take place on up to 600-800 ft of beach on
any given day, and 200-300 ft of a project would be completed per day under normal conditions.
Sediment management activities could include beach nourishment, habitat restoration, or breach repair.
Heavy machinery used to grade sand on beaches could have adverse effects on sea turtles. The physical
changes to the beach and loss of plant cover caused by vehicles on the beach or dunes could lead to
instability and dune migration (FWS 2017). Vehicles could temporarily displace sand downward as they
move, potentially lowering substrate. It is also possible, that in some areas, vehicles could inhibit plant
growth and open areas to wind erosion. In the past, vehicular traffic on the beach or through the dunes has
resulted in compacted beach sand, potentially causing localized overwash and erosion. Accessing the
construction site directly from the road and driving along the beachfront between the low and high tide
water lines would minimize impacts from vehicles on the beach (FWS 2017).

Per recommendations of FWS and NCWRC, all sea turtle nests laid within a sediment management study
area before or during construction would be relocated to areas outside of active sand placement. During
sand placement, nests laid within the study area, whether under active construction or not, would be
relocated to a location outside of the study area. Site selection for the relocated nest and methodology
would follow the Handbook for Sea Turtle Volunteers in North Carolina (NCWRC 2006). Nest relocation
has become a standard management strategy, although considered a last resort, for protecting sea turtle
nests laid in areas likely to experience disturbance (e.g., sand placement), erosion, or inundation. Some
studies have documented higher hatch and emergence success in relocated nests than nests left in situ
(Wyneken et al. 1988; Dellert et al. 2014), while other studies have documented lower hatch success of
relocated nests than in situ nests (Baskale and Kaska 2005). At the Seashore, nests relocated during the
2014 to 2018 nesting seasons generally exhibited higher hatch and emergence success than in situ nests,
including the 15 nests relocated from the 2017 Beach Restoration to Protect NC Highway 12 at Buxton
Project (NPS 2017c, 2017j, 2017k, 2019d).

115 Environmental Consequences



CAPE HATTERAS NATIONAL SEASHORE
SEDIMENT MANAGEMENT FRAMEWORK
DRAFT ENVIRONMENTAL IMPACT STATEMENT
SEPTEMBER 2020

Relocation of sea turtle nests has inherent risks. Egg relocation could cause early embryo death if it occurs
during the critical period of embryonic membrane organization, between 48 hours and 2.5 weeks after being
laid (Kaska and Downie 1999). To minimize egg impacts, relocation of nests laid within areas of sand
placement would occur as soon as possible after egg deposition and would be completed no later than 9 a.m.
of the morning after egg deposition (i.e., within 12 hours) (NCWRC 2006). Handling of sea turtle eggs
could increase the risk of accidental puncture or other structural damage to the shell that could reduce
viability of the egg. Nest relocations at the Seashore would be completed with care to avoid damage to eggs
from handling. From 2014 to 2018, no egg loss during relocation activities was reported inannual sea turtle
monitoring reports (NPS 2017c, 2017j, 2017k, 2018d, 2019d).

Because sea turtle nest incubation time and sex determination are temperature dependent, nest relocation
alters incubation time and could affect the sex ratio of hatchlings by raising or lowering the temperature
of the nest environment (Baskale and Kaska 2005). The pivotal temperature for sex determination in sea
turtles is the temperature which gives a 1:1 sex ratio. Above the pivotal temperature, mostly females
develop, and below the pivotal temperature, mostly males develop. The pivotal temperatures for sex
determination of sea turtles nesting at the Seashore are approximately 29°C (84°F) for loggerheads
(Mrosovsky and Yntema 1980), approximately 29.3°C (84.7°F) for greens (Godfrey and Mrosovsky
2006), and approximately 30°C (86°F) for Kemp’sridleys (LeBlanc et al. 2012). However, these
temperatures may vary up to 1°C in either direction between populations. The Seashore is a northern
nesting beach for sea turtle species, and it produces higher abundances of male offspring for populations
that are highly female biased (Hawkes et al. 2007; Hays et al. 2014). Therefore, changes in the sex ratio
of hatchlings at the Seashore could affect the population dynamics of the loggerhead sea turtle Northern
Recovery Unit (Reneker and Kamel 2016), as well as DPS and recovery units for other sea turtle species
that nest at the Seashore.

The primary sea-finding mechanisms for nesting sea turtles and sea turtle hatchlings are visual cues
created by ambient light on the sea and determined by several factors including light wavelength and
orientation (Mann 1978; Dickerson and Nelson 1989; Witherington and Bjorndal 1991; Frazer 1992).
Artificial lighting near the beach could misdirect nesting turtles and hatchlings as they migrate from sea to
nest or nest to sea (Mann 1978; Nelson et al. 2000; NMFS and FWS 2008), and a decrease in nesting
activity has been documented on beaches exposed to artificial lights (Witherington 1992; Witherington
and Martin 2000). Due to the unnatural beach slope created by sand placement on the beach, sediment
management activities could expose nesting sea turtles and their nests to lights that were less visible from
nesting beaches prior to sand placement. Artificial light exposure could lead to a higher incidence of
misorientation or disorientation, which would greatly increase mortality of hatchlings and could cause
mortality of nesting females. A review of 10 years of beach nourishment projects indicated the number of
misoriented nesting sea turtles and emergent hatchlings is greater on the post-construction beach
compared to pre-nourishment reports (FWS 2017). This is dependent on whether a constructed dune
feature is included as a component of the project. When dunes are included as a component of the
sediment management project, they help to block lighting impacts.

Indirect impacts on sea turtle reproduction success could occur during and after completion of sediment
management projects (FWS 2017). Studies that documented a decline in nesting success on nourished
beaches have generally reported a return to normal nesting activity by the second or third season after
project completion (Steinitz et al. 1998; Ernest and Martin 1999; Rumbold et al. 2001; Brock et al. 2009).
In the case of a severely eroded beach, the restoration of a higher, wider dry beach may enhance the
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quality of sea turtle nesting habitat. Immediate increases in nesting success have followed nourishment
projects on chronically eroded beaches (Davis et al. 1999). However, sand placement could result in
changes in sand density (compaction), beach shear resistance (hardness), beach moisture content, beach
slope, sand color, sand grain size, sand grain shape, and sand grain mineral content if the placed sand is
dissimilar from the original beach sand (USACE 1988b). These changes could result in impacts to sea
turtle nest site selection, digging behavior, clutch viability, and hatchling emergence (Nelson and
Dickerson 1987; USACE 1988a), although some investigators found compaction did not affect sea turtle
nesting (Davis et al. 1999). The time required for sea turtles to excavate an egg chamber would be
substantially higher on hard-packed sands following beach nourishment than on natural beaches.
However, over time natural processes would reduce compaction levels on beaches where sediment
management has occurred, and digging times would return to normal during the second post-completion
year (Ernest and Martin 1999; FWS 2017). These changes in beach properties would result in a higher
rate of sea turtles abandoning their nesting attempts during the first year after sediment management than
on natural beaches (Ernest and Martin 1999; Rumbold et al. 2001). Under alternative B, placement sand
would match native beach sand in texture, composition, and color. Testing and tilling of placement sand
would be required to mitigate for compaction and associated impacts from moisture content and
temperature in the nest environment. For these reasons, it is unlikely that projects completed at the
Seashore would result in impacts to sea turtle nest site selection, digging behavior, clutch viability or
hatchling emergence resulting from incompatible sand.

Compaction and the modification of substrate characteristics such as grain size, density, organic content,
and color can alter the nest incubation environment leading to adverse effects on embryonic development
and hatching success (USACE 1988b; Crain et al. 1995; Baskale and Kaska 2005). As a result, beaches
where sand is placed would retain more water than natural beaches reducing gas exchange within the nest
environment (Crain et al. 1995; Ackerman 1980). Warmer nest temperatures, attributable to the placement
of sediments that are darker than native sands (Hays et al. 2001), may impede embryonic development or
increase the incidence of late-stage embryonic mortality (Kaska and Downie 1999; Baskale and Kaska
2005; Fuentes et al. 2010; Dellert et al. 2014). Also, as described above, warmer nest temperatures may
also alter hatchling sex ratios. Holloman and Godfrey (2008) studied the effects of multiple beach
nourishment events on sea turtle nesting and hatching success on Bogue Banks. The five-year study, from
2002 to 2007, monitored nesting activity, hatch success, emergence success, substrate compaction, and
nest temperature. Beach nourishment had no significant effects on nesting success (i.e., proportion of
false crawls to nest depositions was not significantly different). In general, no indication that nourishment
adversely affected egg development or hatching success was reported; however, one nest apparently
failed due to poor gas exchange. Also, nourishment had no significant effect on sediment compaction.
Temperatures in nests within nourished areas were an average of 1.9°C warmer than nests laid at
comparable times on undisturbed beaches. Sex ratios were not determined, but it was concluded that the
increase in nest temperature on nourished beaches was likely to have increased the number of females
produced (USACE 2018). These impacts would be reduced by using sand matching the grain size,
composition, and color of the existing sand and reducing sediment compaction by testing and tilling the
placement sand (Nelson and Dickerson 1987; USACE 1988b; Ernest and Martin 1999; NMFS and FWS
2008; FWS 2017). Under alternative B, placement sand would match native beach sand in texture,
composition, and color. Testing and tilling of placement sand would be required to mitigate for
compaction and associated impacts from moisture content and temperature in the nest environment.
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Steep escarpments may develop on beaches where sediment management activities have occurred at the
water line as they adjust from an unnatural construction profile to a more natural beach profile (USACE
1984). Escarpments may hamper or prevent access to nesting sites. Researchers have shown that female
sea turtles coming ashore to nest can be discouraged by the formation of an escarpment, and they may
choose marginal or unsuitable nesting areas to deposit eggs (e.g., in front of the escarpments, which often
results in failure of nests due to prolonged tidal inundation) (FWS 2017).

The SPBO provides conditions and conservation measures as examples to further mitigate the effect of
sediment management activities on beaches. In the SPBO, FWS concluded similar beneficial effects
would result from an increase in sea turtle nesting habitat; and that a nourished beach designed and
constructed to mimic a natural beach system would benefit sea turtles more than an existing eroding
beach (FWS 2017). Also, the NPS concluded from previous beach nourishment activities that, while
beach nourishment could temporarily adversely affect sea turtles during the dredging and sand placement
period and lasting two to three years, it is likely to have beneficial effects post-completion as potential
turtle nesting habitat is likely to expand from a wider beach (CSE 2015). In June 2019, the NPS engaged
in preliminary conversations with the FWS. FWS indicated that the SPBO would not apply to the action
alternatives under development by the NPS. FWS suggested a Biological Assessment could be submitted
that addresses all areas of likely sediment management actives identified and the season in which projects
would be most likely to occur. The NPS is working with FWS to develop a Biological Opinion specific to
this framework.

The potential restoration of habitat on Green Island and at the south end of Hatteras Island is unlikely to
adversely impact sea turtles or sea turtle nesting. Currently, sea turtles do not nest in this area because it is
inundated by daily tides (NPS 2017c, 2017j, 2017k, 2018d, 2019d). Restoration of these areas could provide
a small amount of sea turtle nesting habitat, relative to the 67 miles of existing shoreline at the Seashore.

Under alternative B, impacts due to sea-level rise, storm activity, and erosion would continue to occur
similar to what has been observed in the recent past, documented in chapter 3, and described for
alternative A including increased occurrence and severity of storm events (Michener 1997; Leatherman
2000; Pike and Stiner 2007; Van Houtan and Bass 2007), inundation of nests (Milton et al. 1994; Addison
et al. 1998; VVan Houtan and Bass 2007), loss of nests to erosion (Milton et al. 1994; Addison et al. 1998;
Van Houtan and Bass 2007), a narrower steeper beach (Baker et al. 2006; Reece et al. 2013) that could
increase false crawls and density dependent impacts (Baker et al. 2006; Tiwari et al. 2006; Mazaris et al.
2009; Leighton et al. 2010), and elevating nest temperatures to levels that alter sex ratios or hatching
success (Hawkes et al. 2007; Fuentes et al. 2010). It is anticipated that the impacts could be less under
alternative B (i.e., overwashes and island breaches occur less frequently, wider dry beaches remain
available for nesting sea turtles, and fewer nests are inundated or lost to erosion), because the proposed
increase of sediment management activities would help mitigate for the loss of sand from the beaches.

Alternative B would also preserve approximately 13 noncontiguous miles (approximately 20% of the
Seashore) as reference areas and remove them from consideration for sediment management activities in
all cases except for emergencies. These areas would remain open to sea turtle use, and in general, sea
turtle activities within these areas would be unimpeded. Because sediment management activities would
not normally occur, these areas and the sea turtle nests that may occur there could be subject to impacts
from sea-level rise and erosion as described under alternative A. These impacts are not anticipated to
occur more often than in recent past years, as documented in the Seashore sea turtle monitoring reports,
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because most of these areas were chosen to be reference sites due to indications from recent shoreline
studies that they experience low rates of erosion or significant beach width.

The Seashore would complete ecological studies in the preserved reference areas that could be used for
comparison to areas impacted by sediment management activities. In addition, alternative B would require
biological monitoring before and after any significant sediment management project for the purposes of
learning and improving conditions associated with future projects. This monitoring could include studies of
wildlife use, sediment characteristics such as grain size and density which may affect sea turtle nesting, and
other metrics that affect sea turtle use of the beach for nesting. This monitoring in combination with the sea
turtle nest monitoring and management activities normally conducted by the Seashore could be used to
inform current knowledge turtle use of areas where sediment management activities have occurred and the
impacts of sediment placement on the beach to sea turtle nesting behavior, nest conditions, eggs, and
hatchlings. Information gained from monitoring could further improve conditions associated with future
projects including modification of the frequency and timing of sediment management activities, sediment
characteristics, and other project parameters. Project proponents would develop monitoring protocols in
association with individual sediment management projects.

Offshore Impacts

Under alternative B, dredging could potentially impact sea turtles by entrainment in the draghead during
dredge operation, and it could also present obstructions or increase vessel strikes to sea turtles in transit
through offshore borrow areas (NMFS and FWS 2008). Dredging of sediment within borrow areas would
also disturb Northwest Atlantic loggerhead DPS critical habitat, specifically migratory and sargassum
habitat. Additionally, dredging operations can adversely affect offshore habitats by contributing noise,
altering or damaging hardbottom and reef habitats, directly removing important benthic prey organisms, and
increasing turbidity (BOEM 2017).

Sea turtles would be vulnerable to entrainment by hopper dredges, and hopper dredge lethal takes of sea
turtles have occurred during beach nourishment related dredging for projects occurring on the Outer
Banks. Observations during dredging projects in Texas and Florida suggest that sea turtles may be
captured during pipeline or cutterhead operations; however, cutterhead-sea turtle interactions are
considered rare due to the slow movement of the cutterhead. A recent Biological Opinion for the Bogue
Banks Master Nourishment Plan indicated that cutterhead dredges proposed to mine sand at offshore
borrow sites near Bogue Bank were extremely unlikely to affect sea turtles and the risk of injury to listed
sea turtles was discountable (NMFS 2018). Clamshell dredges have not been implicated in mortality of
sea turtles during dredging operations (NMFS and FWS 2008). Also, the risk of sea turtle entrainment in
the draghead during dredging in offshore borrow sites, including both state waters and the OCS, would be
relatively low when compared to navigational channel dredging. Offshore borrow sites are generally more
expansive allowing more flexibility to implement current mitigation requirements to minimize sea turtle
entrainment (BOEM 2017). It is more likely that hopper dredges would be used in the borrow areas, so
potential impacts from cutterhead or clamshell dredges would be less relevant.

Relocation trawling would minimize the risk of lethal take by hopper dredges. The trawler would sweep
the area around the hopper dredge with a modified shrimp trawl net to capture and relocate sea turtles and
other ESA-listed species that could be in the dredging area. While the intent of relocation trawling would
be to reduce the occurrence of lethal take from hopper dredging, the relocation of sea turtles or other
ESA-listed species would be, in and of itself, a form of take under the ESA for the species caught by the
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trawler (NMFS 2020b). Relocation trawling would likely affect loggerhead, green, Kemp’s ridley, and,
leatherback sea turtles, with little to no effect to hawksbill sea turtles (NMFS 2020b). Impacts from
relocation trawling of sea turtles would include physiological stress effects from forced submergence such
as high oxygen consumption (NMFS 2020b) and altered blood acid-base balance from lactic acid
(Lutcavage and Lutz 1997). Generally, these effects would be a result of struggling against the net
underwater (Lutcavage and Lutz 1997), and they may take hours to stabilize (Lutz and Dunbar-Cooper
1987). The stress of forced submergence could also cause gravid females to release all or part of a clutch
of eggs. The worst-case scenario would be that the turtle drowns (NMFS 2020b).

Dredge operational noise may disturb sea turtles at the borrow areas. Studies of underwater sound levels
from dredging activity indicate the source level of the dredging activity ranges between 160 and 185
decibel (dB) re 1puPa, approximately (USACE 2001b; Jones and Marten 2016). (In underwater acoustics,
sound is typically described in terms of sound pressure level (SPL), and the standard unit of acoustic
pressure is the micro Pascal [uPa].) Therefore, the amplitude of acoustic pressure is referenced to 1 uPa
[re 1 uPA], and the units for SPL are dB re 1uPa.). BOEM published a study in 2014 in which they
recorded the sound levels of three hopper dredges at various distances between 50 meters and 2
kilometers. Sound levels for all three dredges during sediment removal were between 170 dB re 1uPa and
185 dB re 1pPa. In general, sound levels were approximately at ambient levels at distances between 1 and
1.5 km, although for one dredge the sound level increased at 2 km compared to 1 km (BOEM 2014).
These sound levels are above the NMFS established behavioral threshold of 160 dB but below the injury
threshold of 204 dB for sea turtles (NOAA Fisheries 2020). Little is known about the effects of noise on
sea turtles, but behavioral effects may include avoidance responses such as diving or an increase in
swimming speed. Considering the mobility and avoidance behavior of sea turtles, behavioral effects
would be transient and localized as the sea turtle moves through the borrow area (USACE 2018).

The potential borrow areas would be located within Northwest Atlantic loggerhead DPS critical habitat.
However, many of the potential impacts associated with dredging and/or disposal activities for sediment
management activities are not expected to occur at a level that would affect or modify the physical and
biological features of the critical habitat including constricted continental shelf area that concentrates
migratory pathways and passage conditions to allow for migration to and from nesting, foraging, or
breeding areas (NMFS 2013). Dredging operations for beach nourishment would involve one or two
dredges and relocation trawlers operating at any one time. Also, dredging and related activities within
critical migratory habitat would not reduce prey species (hard-shell benthic invertebrates and crustaceans
for loggerheads) abundance to an unsustainably low level (CSE 2015). Dredging would avoid hard
bottom habitats important to loggerheads and impacts would be localized to the footprint of the dredging,
leaving similar foraging and migratory areas available nearby. Prey species abundance and biomass
within the dredged area would be expected to recover within two years after dredging occurs (Wilber and
Clarke 2007; BOEM 2013; CZR and CSE 2014).

As described under alternative A, sea-level rise and the increase in the intensity and frequency of storm
activity cause by climate change would not impact offshore resources located within the borrow areas.

The SARBO was initially provided by NMFS in 1995 to address dredging impacts to sea turtles, particularly
their entrainment in the draghead (or hopper head). In 2020, NMFS released an updated SARBO to include
species that have been added to the ESA since 1995 and to update conditions and project design criteria
(PDCs) (NMFS 2020b). It provides a detailed analysis of sea turtle impacts from dredging operations and
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capture with relocation trawlers. Inthe SARBO, NMFS established strictannual limits on sea turtle takes
for USACE and/or BOEM permitted dredging projects, including borrow areas; and NMFS concluded that
take levels established by the SARBO are “not likely to jeopardize the continued existence of these species”
(loggerhead, green, Kemp’s ridley, leatherback, and hawksbill sea turtles) (NMFS 2020b). Under the
SARBO, the USACE and/or BOEM must report sea turtle takes during dredging operations to NMFS
(NMFS 2020b). For that purpose, the Operations and Dredging Endangered Species System (ODESS) was
developed, and it provides publicly available sea turtle take reports. Since the publication of the initial
SARBO (1995) through the end of 2019, no incidental take of sea turtles has been recorded for dredging
operations associated with beach nourishment projects at the Seashore although a few takes have been
recorded during dredging for beach nourishment sand intended for other locations in the Outer Banks
(ODESS 2020). Dredging activities associated with beach nourishment projects permitted at the Seashore
would follow the sea turtle take limits determined by the NMFS and USACE and incorporate the
Conservation Recommendations provided in the SARBO operating procedures.

All PDCs required in the SARBO would be incorporated into the individual projects and would include
but not be limited to: trawl ahead of operating hopper dredges with certified turtle trawlers that would
relocate sea turtles if encountered; ensure proper installation and function of a rigid draghead deflector;
reduce vessel speeds while traveling to, from, and between borrow locations; and employ a qualified
NMFS-approved protected species observer on the dredge(s) at all times. Observers would be required to
document and record all sea turtle takes. Adherence to these mitigation measures would minimize sea
turtle mortality through entrainment in hopper dredges.

Cumulative Impacts

The impacts from past, present, and reasonably foreseeable actions would be the same as those described
under alternative A. Alternative B has the potential to adversely impact sea turtles, lasting the duration of
construction and returning to normal in the second or third year after the completion of a project, but it
would also contribute noticeable benefits to sea turtle species across the Seashore from the addition or
expansion of nesting habitat over the 20-year lifetime of the management framework. From 2014 to 2019,
negative impacts to sea turtle nesting numbers, e.g., numbers of nests, nest success, hatch success, and
emergence success, have not been documented for the recent beach nourishment projects at the Seashore
(NPS 2017c, 2017}, 2017k, 2018d, 2019d), likely due to mitigation measures taken during and subsequent
to nourishment activities. Dredging for beach nourishment in the Outer Banks including the Seashore
resulted in a few lethal sea turtle takes and dozens of non-lethal relocation takes (ODESS 2020). It is also
anticipated that landowners and localities would continue to use sand bags on properties outside of the
Seashore. Impacts from the use of sand bags would be the same as described for alternative A; however,
under alternative B, the proposed increase in permitted sediment management activities could potentially
reduce the need for use of sand bags on non-NPS lands.

When the incremental impacts of alternative B are combined with the impacts of past, present, and
reasonably foreseeable actions, the overall cumulative negative impact on sea turtles would be limited
spatially and temporally, but these actions would also benefit sea turtles by preserving or restoring dry
beach habitat for nesting. Most of these impacts and benefits would be contributed by alternative B.

Conclusion

The Seashore encompasses 67 miles of shoreline, with some areas more suitable for sea turtle nesting
than others. Alternative B would impact up to 6 miles of shoreline in any year, with the potential for an
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additional 6 miles of sediment management activities no more frequently than every 5 years due to
catastrophic damage. At least 61 miles of the Seashore (91%) would remain available at any point, and of
those 61 miles, 13 miles (approximately 20% of the Seashore) would be set aside as reference zones and
not considered for sediment management activities (in all cases except for emergencies). With impacts
potentially lasting through the first nesting season after project completion, a maximum of 12 miles of
beach would exhibit some changes as a result of beach nourishment, representing less than 18% of
available beach habitat for nesting sea turtles.

The placement of sand on a beach with reduced dry foredune habitat may negatively impact nesting sea
turtles through compaction and the modification of substrate characteristics such as grain size, density,
organic content, and color. These impacts would be limited to the study area and would last through the
first nesting season after project completion. Alternative B would also result in increased sea turtle
nesting habitat. FWS concluded beneficial effects would result from an increase in sea turtle nesting
habitat; and that a nourished beach designed and constructed to mimic a natural beach system would
benefit sea turtles more than an existing eroding beach (FWS 2017). Dredging could impact sea turtles
through disturbance, placement of obstacles in migratory corridors, stress effects during relocation
trawling, and direct take by the hopper dredge draghead.

Future nourishment and habitat restoration projects would implement mitigation requirements to
minimize impacts to sea turtle nesting. With the mitigation measures in place, habitat restoration and
beach nourishment under alternative B would help maintain sea turtle nesting habitat, prevent density
dependent nest impacts, and ensure sea turtles continue to use the Seashore for nesting. In addition, a
nourished beach that is designed and constructed to mimic a natural beach system would benefit sea
turtles more than the narrow, eroding beach it replaces.

Alternative C

Under alternative C, sediment management activities would occur on up to 6 miles of beach every five
years, rather than every year as would be permitted under alternative B, and projects would be less
frequent. This would cause the same impacts as described in detail under alternative B but to a lesser
extent. Alternative C does not include the reference exclusion zones.

Onshore and Nearshore Impacts

Potential impacts of individual beach nourishment projects on sea turtles in the beach and nearshore habitats
would include disturbance during sand depaosition (FWS 2017), changes in artificial light exposure (Mann
1978; Nelson et al. 2000; NMFS and FWS 2008), and change to conditions on the nesting beach including
compaction, composition, beach slope, sand grain size, and sand color (USACE 1988b; FWS 2017). Changes
in beach conditions could impact nest site selection, digging behavior, clutch viability, and hatchling
emergence (Nelson and Dickerson 1987; USACE 1988a; FWS 2017); increase false crawls and nest attempt
abandonment (Ernest and Martin 1999; Rumbold etal. 2001; FWS 2017); and increase nest temperature
which could change the sex ration of hatchlings (Nelson and Dickerson 1987; USACE 1988a; Ernestand
Martin 1999; NMFS and FWS 2008; Holloman and Godfrey 2008; FWS 2017). As described for alternative
B, these impacts would be temporary (lasting two to three years), and the impacts would be mitigated by
using sand with matching grain size, composition, and color of the existing sand and reducing sediment
compaction by testing and tilling the placement sand (Nelson and Dickerson 1987; USACE 1988b; Ermest
and Martin 1999; NMFS and FWS 2008; FWS 2017).
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Although under alternative C the impacts of each project would be the same as under alternative B, there
would be fewer sediment management actions over the next two decades, so the impacts would occur
over asmaller area and less often than under alternative B. There would also be fewer areas that would
experience repeated sand placement, which would provide more time for the beach to equilibrate and
develop more natural conditions (Steinitz et al. 1998; Ernest and Martin 1999; Rumbold et al. 2001;
Brock et al. 2009). In addition, impacts due to sea-level rise, storm activity, and erosion would continue
similar to what has been observed in the recent past and is documented in chapter 3. It is also anticipated
that these impacts could worsen as sea-level rise accelerates and severe storms increase in frequency
while sediment management activities remain at the same level. These impacts would be similar to those
described for alternative A but less in severity because some sediment management activities would
continue to occur to protect resources at the Seashore.

Offshore Impacts

As described in detail under alternative B, dredging could potentially impact sea turtles by entrainment in
the draghead during dredge operation (NMFS 2020b; NMFS and FWS 2008; BOEM 2017; NMFS 2018),
and it could also present obstructions or increase vessel strikes to sea turtles in transit through offshore
borrow areas (NMFS and FWS 2008). Dredging of sediment within borrow areas would also disturb
Northwest Atlantic loggerhead DPS critical habitat (NMFS 2013). Additionally, dredging operations can
adversely affect offshore habitats by contributing noise (Pearson et al. 1992; USACE 2018), altering or
damaging hardbottom and reef habitats (CSE 2015), directly removing important benthic prey organisms,
and increasing turbidity (BOEM 2017). Mitigation measures that would reduce impacts would be
included in permit conditions, including survey for hard bottom habitat and establish buffers to protect it,
trawl ahead of operating hopper dredges with certified turtle trawlers, use a rigid draghead deflector,
reduce vessel speeds, and employ a qualified NMFS-approved protected species observer on the dredge(s)
at all times.

Under alternative C, fewer sediment management actions over the next two decades would reduce the
amount and frequency of sand removal from potential borrow areas. Fewer impacts to sea turtles and sea
turtle habitats would occur, and impacted habitats would have more time to recover subsequent to dredging.
As described under alternative A, sea-level rise and the increase in the intensity and frequency of storm
activity cause by climate change would not impact offshore sea turtle resources.

Cumulative Impacts

Past, present, or reasonably foreseeable actions that would affect sea turtles would be the same as
described above under alternative B and alternative A. Alternative C would impact sea turtles by
disturbance during construction or dredging, changing beach and sediment characteristics, increase in
artificial lighting exposure, placement of obstacles in critical migratory habitat, and removal of prey
organisms from the dredge site. These impacts are similar to those describe for alternative B, but
alternative C would cause a lower magnitude of these impacts over the next two decades. When combined
with the impacts of past, present, and reasonably foreseeable actions, alternative C would result in
temporary adverse impacts to sea turtles, with the incremental impacts of alternative C contributing most
of the impacts.
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Conclusion

Sand placement on the beach would impact sea turtles as described for alternative B, although due to less
frequent proposed sediment management activity, neither the adverse impacts nor the benefits would be
as extensive as those anticipated under alternative B.

Over the life of the next two decades, it is anticipated the completion of sediment management activities
under alternative C would impact nesting beach temporarily and would not permanently degrade or impact
the sustainability of the sea turtle community, nesting habitat, or migratory critical habitat. The size and rate
of projects under alternative C would most likely result in an increase in nesting habitat. Given the
temporary (lasting two to three years) nature of the impacts to nesting habitat for any individual project, it is
unlikely the overall quality of beach nesting habitat at the Seashore or the sea turtle populations that use the
Seashore would be reduced by sediment management activities under alternative C.

Comparative Conclusion of Alternatives

With no future permitted sediment management activities at the Seashore under alternative A, nesting
habitat loss could be exacerbated throughout the Seashore and particularly in developed areas where the
beach cannot naturally migrate inland in response to relative sea-level rise. An increase in frequency and
intensity of storm events may increase the overwash/inundation of sea turtle nests, the loss of nests to
erosion, and a decrease of available beach for nesting.

Based on recent nourishment efforts and the mitigation provided, there could be adverse impacts under
alternatives B and C, compared to alternative A, but these would likely be temporary. Alternative B would
permit sediment management activities along up to 6 miles of beach annually and up to 12 miles every 5
years for emergency actions, potentially impacting sea turtle habitat selection, nesting, and hatchling
emergence through construction related activity and sediment composition. While impacts could last until
the second or third nesting season after project completion, it is anticipated that mitigation measures either
already in place or required by permits and/or consultation documents would limit adverse impacts and
allow most, if not all, sea turtles that desired to nest in the study area an alternate opportunity in nearby
locations; thereby improving the chances for the continued use of the Seashore for nesting by sea turtles.
Additionally, landowners and localities would continue to use sand bags to protect buildings and private
property. However, under alternative B, sediment management activities would potentially reduce the need
for sand bags in the villages of the Seashore. Over the course of 20 years, itis possible that alternative B
may create or stabilize habitat for sea turtles. FWS also concluded similar beneficial effects could result
from an increase in sea turtle nesting habitat; and that a nourished beach designed and constructed to mimic
a natural beach system would benefit sea turtles more than an existing eroding beach.

Alternative C would also provide a wider dry-sand beach for turtle nesting, but sediment management
would occur at fewer locations and less often (6 miles of beach every 5 years) than under alternative B.
The impacts of each individual project would be the same as those described for alternative B, but the
collective impact of all sediment management activities would be less.
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LISTED SHOREBIRD SPECIES

Methodology for Analyzing Impacts

The ESA (16 USC 1531 et. Seq.) mandates that all federal agencies consider the potential impacts of
federal actions on the species listed as threatened or endangered, including critical habitat. Furthermore,
NPS Management Policies 2006 (NPS 2006) states that potential impacts of actions on federal lands
would also be considered on state or locally listed species. The following analysis focuses on piping
plover, roseate tern, rufa red knot, American oystercatcher, black skimmer, common tern, gull-billed tern,
least tern, and Wilson’s plover. Prior to any individual sediment management project, site-specific design
may be subject to project-specific permitting by the USACE. The NPS is developing a biological
assessment for the impacts of this framework on piping plovers. Relevant mitigations that may be
developed through ongoing consultation with FWS will be added to this framework, pending availability.

Impact Analysis

Alternative A (No-Action Alternative)

As discussed in detail under the “Littoral Processes and Barrier Island Morphology” section, ongoing
erosion and relative sea-level rise under alternative A may submerge habitats and result in habitat loss
along the over 67 miles of beach at the Seashore’s Atlantic coastline. In some locations, the beach may
become too narrow or too steep to support nesting by listed shorebirds. This natural, yet ongoing erosion
would increase the likelihood of overwash or an inlet breach from a storm event. Overwash fans or a new
inlet would create additional sandy beach habitat on the beach and the sound side of the island, and may
create suitable habitat for listed shorebird species that nest on the beach or feed in the wet beach
environment including piping plover, gull-billed tern, least tern, common tern, black skimmer, American
oystercatcher, and Wilson’s plover. Habitat creation by these events would be of unknown size and last
for unknown durations, based upon whether or not the new conditions persisted, or the area was restored
by NCDOT to maintain access to other parts of the island(s) via NC 12. Depending on the dynamics of
the overwash or breach, it could also remove other types of habitat such as mud flat or tidal marsh on the
sound side, which may be used for foraging by species, such as red knot, American oystercatcher, gull-
billed tern, least tern, and Wilson’s plover. Over the span of decades, it is likely that under alternative A,
the rate of erosion, coupled with relative sea-level rise, would ultimately lead to a reduction of land area
at the Seashore, which would further decrease habitat availability for listed shorebirds. With less available
nesting and/or foraging habitat at the Seashore, listed shorebirds would likely find other locations for
these activities.

The way these potential changes would affect the listed shorebirds depends on how each species uses the
Seashore. Piping plovers, colonial shorebirds (gull-billed terns, least terns, common terns, and black
skimmers), American oystercatchers, and Wilson’s plovers use the Seashore for breeding. While these
species could move from eroded or submerged areas to other appropriate locations, as available (e.qg.,
moving from an narrow eroded breach to a newly formed overwash fan), the reduction of breeding habitat
associated with loss of overall land mass at the Seashore over the span of decades could affect listed
shorebird species. Loss of habitat would be especially meaningful since these shorebirds have been
designated as species of concern due to the ongoing loss of regional habitat caused by human
development, human disturbance, and predation. Wilson’s plover nest in small numbers, if at all, at the
Seashore (NPS 2019b), and a reduction in available dry sand beach habitat due to erosion and relative
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sea-level rise would not affect this species to as great a degree as species that use the Seashore more
often. Common tern, gull-billed tern, and black skimmers nesting numbers have been increasing over the
last five years (NPS 2018c, 2019c, 2017d, 2017c, 2017¢); American oystercatcher nesting trends have
remained steady over the last five years (NPS 2018c, 2019c, 2018g, 2017c, 2017g); and least tern nesting
has varied over the same period (NPS 2018c, 2019c, 2017c, 2017d, 2017¢). Nesting of these species at the
Seashore could remain within current trends or could slowly decline with decreasing land mass as birds
move to other appropriate habitats outside of the Seashore.

Piping plovers are especially vulnerable, given the existing downward trend in numbers of nests occurring
at the Seashore (NPS 2018c, 2019c, 2017a, 2017b, 2017c) and their strong site fidelity (FWS 2017). The
importance of the Seashore for this species recovery is highlighted by critical habitat for wintering piping
plovers designated at the Seashore by FWS (FWS 2001). This habitat would be subject to the same
physical changes described above. Critical habitat for wintering piping plover was defined as wintering
areas that are critical to the recovery of the piping plover, and the loss of these areas would hinder
recovery of the species (FWS 2001). Additionally, the Seashore provides an important habitat for the piping
plover as one of the only areas in which the species can be found year-round (FWS 2017).

Piping plovers, colonial shorebirds (gull-billed terns, least terns, common terns, and black skimmers),
American oystercatchers, and Wilson’s plovers also use the Seashore for foraging. Intertidal foraging
opportunities would vary with the changing processes described above, with reduction along steepening
beaches, submergence by relative sea-level rise, and creation along overwash areas. Over a span of decades,
anet loss of land area could result in less foraging habitat available. Roseate terns and rufa red knots also
use the Seashore for foraging and resting during migration. The rufa red knot forages both on mudflats and
in intertidal areas during its migratory stopovers at the Seashore, and the reduction in intertidal habitats and
food availability would impact them. Additionally, for the red knot, changing climate conditions could
affect the species’ food supply, timing of its migration, and its breeding habitat in the Arctic. Shiftsin
migratory patterns could lead to mismatches between bird arrival and peak periods of food availability
(FWS 2017). The loss of foraging habitat at the Seashore and along its migratory route could compound
other factors that have caused population reduction (such as habitat loss in other areas, human interference,
and reduced availability of prey) and threaten the continued survival of red knots. Roseate terns also use the
Seashore during migration, for resting as well as for foraging in the offshore Atlantic waters of the Seashore.
Aguatic foraging habitat would remain readily available regardless of shoreline changes. Therefore, even if
the land mass of the Seashore was reduced over the coming decades, the remaining land would continue to
provide resting habitat for any migrating roseate terns.

Cumulative Impacts

Past, present, or reasonably foreseeable actions that affect listed shorebird species include beach
nourishment activities, channel dredging and dredge disposal, predation management for coastal species
of concern, and ORV management. Beach nourishment and dredge disposal activities have helped offset
shoreline recession due to relative sea-level rise by increasing the sand budget of the area, and therefore
may have preserved critical areas for shorebird feeding, nesting, and resting. Beach nourishment activities
have also resulted in effects on shorebird species from flushing due to disturbance from heavy equipment,
depletion of benthic prey base which reduces habitat quality, and reduced nest success during and after
construction. These impacts were directly associated with sand placement and shaping, but these effects
are temporary. Habitat use typically recovered as intertidal and swash zone benthic food sources recruit
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into the impacted area and the beach equilibrates to a natural slope (Peterson and Manning 2001; FWS
2017; Convertino et al. 2018).

Separately, inlet channel dredging activities would cause temporary adverse impacts to shorebird species
at specific dredge sites due to disruption from the use of heavy machinery, but these impacts would
dissipate once the dredge operation was complete and listed shorebird species could re-inhabit the area. In
2019, Dare County approved a contract to dredge Oregon Inlet for 340 days/year over the next 10 years. It
is likely that dredging would deplete benthic communities within the inlet repeatedly over the life of the
project. This would limit bird foraging opportunities in Oregon Inlet for over 10 years, and dredging noise
would disturb shorebirds and could cause them to avoid the inlet for the entire length of the project. The
Coastal Species of Concern Predation Management Plan could reduce chick and egg mortality associated
with predation (NPS 2019b) by reducing predator species populations in the vicinity of shorebird
colonies, nests, or individuals. ORV use managed under the final rule could result in disturbance to non-
breeding shorebirds due to noise and presence of vehicles along Seashore beaches. ORV use could also
result in dispersal of invertebrates in the use areas, which could limit available forage for shorebirds that
feed on invertebrates. However, the areas designated for ORV use are relatively small compared to the
size of the entire Seashore or they avoid locations historically used by shorebirds for nesting.
Additionally, seasonal ORV closures and standard measures to create closed areas around nesting
activity, nests, and chicks would protect breeding and nesting shorebirds.

Overall, past, present, and reasonably foreseeable actions have maintained habitat for listed shorebirds
through beach nourishment projects and have protected shorebirds from predation events, but these
actions have also caused impacts such as flushing and disturbance from the presence of ORVs and dredge
and nourishment related equipment. Alternative A could result in continued erosion and loss of shoreline
due to relative sea-level rise and more intense storm events, leading to degradation of potential nesting,
foraging, and resting habitat for resident and migratory shorebirds. It would also lead to an increase in
overwash events and the creation overwash fans that would provide new habitat for shorebirds. When the
incremental impacts of alternative A are combined with the impacts of past, present, and reasonably
foreseeable actions, the overall cumulative impacts on listed shorebird species would remove habitat,
reduce available shorebird habitat quality, with the incremental impacts of alternative A contributing most
of the impacts.

Conclusion

Over the life of the sediment management framework (20 years), under alternative A, the loss of habitat at
the Seashore for piping plover, red knot, and roseate tern would be inconsistent with the goals laid out inthe
recovery plans for these federally listed shorebird species and would impede recovery (FWS 1996a, 1998,
2019a). The loss of habitat from sea-level rise is listed as a severe threat for each of these species and is
indicated as a factor that is driving the threatened status determinations for the piping plover and red knot
(FWS 19964, 20133, 2019a). It is likely that the loss of habitat at the Seashore for listed shorebird species
would cause them to find habitat elsewhere. This shift in distribution would reduce these species
populations at the Seashore, but the effects to the population of each species as a whole would be unknown.
Itis likely trends discussed in chapter 3, would continue in the short term (one-five years), but over the
course of the framework, trends for all species could decline due to loss of available habitat.
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Alternative B (Proposed Action / Preferred Alternative)

Alternative B would result in disturbance of listed shorebirds and alteration of listed shorebird habitat at
the Seashore as a result of sediment management activities. Specifically, the placement of sediment on the
beach would have the greatest potential to affect listed shorebird species. Addition of sediment to the
shorelines would have the potential to temporarily decrease habitat quality by altering sediment particle
sizes, eliminating sparse vegetation, and burying benthic invertebrate prey species. Alternative B would
have additional short-term effects (lasting during project activities) on listed shorebird species, including
displacement of nesting, foraging, and wintering birds due to disturbance by equipment use (FWS 2017).
Back beach planting and installation of sand fencing to promote dune development would also impact
shorebirds nesting and foraging at the Seashore.

Listed shorebirds present at the Seashore during the summer could be breeding and nesting or involved in
courtship activities. Listed shorebird species that use the beach during this time for breeding include
piping plovers, colonial shorebirds (gull-billed terns, least terns, common terns, and black skimmers),
American oystercatchers, and Wilson’s plovers. Potential impacts of sediment management activities on
nesting shorebirds may include burial of existing nests and chicks, destruction of chicks and eggs by
vehicular traffic, and disturbance of adult birds by construction noise leading to nest abandonment (FWS
19964, 2017; Carney and Sydeman 1999). If projects occur in spring, it could result in failure to establish
territory and prevent nesting.

Alternative B would also preserve approximately 13 noncontiguous miles (approximately 20% of the
Seashore) as reference areas and remove them from consideration for sediment management activities in
all cases except for emergencies. These areas would remain open to shorebird use, and in general,
shorebird activities within these areas would be unimpeded. Because sediment management activities
would not normally occur in these areas, these areas could be subject to impacts from sea-level rise and
erosion as described under alternative A. These impacts are not anticipated to occur more often than in
recent past years, as documented in the Seashore shorebird monitoring reports, because most of these
areas were chosen to be reference sites due to indications from recent shoreline studies that they
experience low rates of erosion or undergo accretion.

The Seashore would complete ecological studies in the preserved reference areas that could be used for
comparison to areas impacted by sediment management activities. In addition, alternative B would
require biological monitoring before and after any significant sediment management project for the
purposes of learning and improving conditions associated with future projects. This monitoring could
include studies of intertidal benthic communities, wildlife use, sediment characteristics such as grain size
and density, and other metrics that may affect shorebird use of the beach. This monitoring in combination
with the shorebird monitoring and management activities normally conducted by the Seashore could be
used to inform current knowledge shorebird use of areas where sediment management activities have
occurred and the impacts of sediment placement on the beach to shorebird nesting, behavior, and
foraging. Information gained from monitoring could further improve conditions associated with future
projects including modification of the frequency and timing of sediment management activities, sediment
characteristics, and other project parameters. Project proponents would develop monitoring protocols in
association with individual sediment management projects.
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Assuming that sediment management activities would occur during shorebird nesting season, deposition
of sediment onto beaches and shaping of that sediment with heavy equipment would have the potential to
affect shorebird species using the Seashore at this time. Potential impacts would include flushing of birds
by the sound and sight of heavy machinery (FWS 1996a, 2017). This disturbance could lead to nest
abandonment or increased predation of eggs or chicks while the attending adult is away (FWS 1996a,
2017; Carney and Sydeman 1999) and can lower the chance of colonial shorebird recolonization in the
future. During the 2017 Beach Restoration to Protect NC Highway 12 at Buxton Project, however, loss of
preferred nesting habitat did not appear to occur, and nesting activity was avoided during the project;
areas of nesting activity were then nourished when nesting concluded. To prevent direct impacts to
nesting shorebirds, NPS staff would regularly patrol and monitor potential shorebird nesting areas
(including study areas), and they would establish exclusion zones around areas with observed nesting
activity by listed shorebirds. These zones would remain in effect until all nestlings fledge and all nesting
activities are complete. Exclusion zones would be closed to the public and no sediment management
activities would occur within them. This monitoring program at the Seashore would mitigate impacts
from sediment management activities on nesting shorebirds.

Construction activity could also disturb foraging or wintering birds, but it is not likely that flushing would
result in shorebird mortality. Shorebirds would most likely be displaced to other nearby areas along the
Seashore (FWS 2017). Approximately 600-800 ft of beach would be impacted at one time with active
sand placement, which is approximately 0.2% of the overall Seashore length, a majority of which
currently provides suitable shorebird habitat. Approximately 200-300 ft of nourishment would be
completed per day and would become immediately available for use by birds in the area the following day
depending on the species tolerance to disturbance and proximity to human activity. The listed shorebirds
included in the analysis tend to be more sensitive to human activity and would delay return to these
habitats to greater than 10 minutes, unlike gulls which would return immediately (Burger et al. 2010).

Beach nourishment and dune creation at the Seashore would alter the natural profile and sediment
composition of existing beaches at the Seashore (NPS 2010a; FWS 2017). In turn, native plant assemblages
and successional processes would be interrupted, resulting in unnatural habitat conditions that could affect
shorebird activity (NPS 2010a; FWS 2017). If the area does not receive repeated nourishment, the plant
succession and ecological development would restart immediately after sand placement. Repeated
nourishment events would regularly interrupt and restart successional processes causing disruption as long
as nourishment continues. Altered particle size, favoring fine-grained sandy beaches would be one potential
cause of changes in shorebird use on altered beaches (Cohen et al. 2008; Convertino et al. 2018). However,
under alternative B, grain size, density, organic content, and color of sand placed on the beach would match
the native beach characteristics, minimizing impacts to shorebirds.

Beach nourishment and dune creation could prevent overwash and inlet breaches, which create new
shorebird habitat on flood delta platforms and input sediment to build the backshore. Shorebird species
are routinely observed using overwash, and sparsely vegetated sandy deltas adjacent to newly formed
inlets for breeding and foraging, while backshore provides important roosting habitat for many species
(FWS 19964, 2001, 2017; Peterson et al. 2006). However, in areas with suitable nesting habitat
susceptible to overwash, beach nourishment and dune creation would serve as protection from nest
mortality caused by overwash during storm events. Monitoring indicates nest overwash has historically
been a common cause of nest, egg, and chick loss for various shorebird species (NPS 2017a, 2017b,
2017c, 2017d, 2017e, 20179, 2017h, 2017i, 2018c, 2018g, 2019c).
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Listed shorebird species would also use the Seashore for foraging. Specifically, piping plover, rufa red
knot, American oystercatcher, Wilson’s plover, and occasionally the gull-billed tern and least tern, prey
upon invertebrates in the intertidal area (Cornell University 2017d, 2019; National Audubon Society
2019; FWS 2010, 2013b). Asdiscussed in the “Benthic Communities and Essential Fish Habitat” section,
sand placement would bury and suppress communities of benthic fauna along up to 6 miles per year of
shoreline where NPS would permit sediment management activities. These impacts would be confined to
less than 9% of the total length of the Seashore every year (with active construction related impacts
affecting a much smaller area). At least 61 miles of the Seashore (91%) would remain available at any
point. As mentioned above, of those 61 miles, 13 miles (20% of the Seashore) would be set aside as
reference zones and not considered for sediment management activities (in all cases except for
emergencies). Furthermore, if an emergency is declared following a severe storm event, an additional 6
miles of sediment management may be permitted, for a total of up to 12 miles every 5 years. In years
where this kind of large-scale activity (or activities) are warranted, up to 18% of the Seashore may be
impacted. These activities would reduce the availability of prey to many shorebird species within these
areas (Peterson and Manning 2001; Greene 2002; Peterson et al. 2006; Speybroeck et al. 2006; Baptist et
al. 2009; Wilber et al. 2009; Rosov et al. 2016; Wooldridge et al. 2016). Reductions in the availability of
invertebrate prey could negatively affect the energy budgets of shorebirds, potentially resulting in reduced
breeding potential or relocation from the depleted area (Evans 1976). If enough prey are not readily
available for migrating shorebirds, the shorebirds may be forced to cease migration, or risk running out of
energy prior to reaching their breeding grounds (Weidensaul 2018). In either of these scenarios, prey
shortage reduces the chances of an individual to breed and stunts the population until food supplies
recover, and normal migration can resume.

Abundance and diversity of the impacted benthic community would take between six months to several
years to recover, and foraging habitat quality for relevant shorebird species would return to pre-impact
levels (Peterson and Manning 2001; Greene 2002; Speybroeck et al. 2006; Baptist et al. 2009; Wilber and
Clark 2007; Wilber et al. 2009; Leewis et al. 2012; CZR Incorporated and CSE 2014; Rosov et al. 2016;
Wooldridge et al. 2016). Due to the benthic recovery rate, recurring sediment management actions over
many years would not be expected to noticeably reduce the availability of invertebrate prey species within
the entirety of the Seashore. Because a large proportion of unimpacted beach would be available at the
Seashore for shorebird foraging, and because shorebirds are highly mobile, it is unlikely that impacts to
benthic communities from sediment management activities would significantly affect the prey base of
shorebird populations that use the Seashore (FWS 2017).

The rufared knot may be a relatively brief visitor to the Seashore during migration in the spring, but this
migration stopover is critical for foraging and energy renewal. A reason for the decline of red knot in the
late 20th century was overharvest of the horseshoe crab, the eggs of which are a preferred prey species for
the rufared knot (FWS 2013b). Therefore, this species may be especially sensitive to changes in
availability of invertebrate prey species along its migratory route. However, park biologists indicate the
Seashore has historically provided limited foraging habitat for this species (NPS 2019b). When compared
with seven other US Atlantic Coast locations, the Outer Banks ranked last in regional importance for red
knots, and it is noted that this species does not nest in North Carolina (Dinsmore et al. 1998). Therefore, it
is unlikely that sediment management activities at the Seashore would meaningfully impact red knots.

Roseate terns are also known to use the Seashore occasionally for foraging during migration, but expert
birdwatchers from North Carolina consider roseate terns a rarity in the state. They estimate that there is
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less than a 10% chance of seeing the bird even during optimal times of year in prime offshore, open ocean
habitats near the Gulf Stream (LeGrand 2020b). Sightings are even less common in nearshore and beach
habitats. Roseate terns prey on fish that would remain available in offshore waters of the Seashore during
and after sediment management activities; however, on the rare occasions when it comes ashore, it would
be subject to flushing by beach nourishment activities, as described above. Due to its rarity at the
Seashore, it is unlikely that sediment management activities at the Seashore would meaningfully impact
roseate terns.

Sediment management activities could occur within piping plover critical habitat for wintering piping
plovers units NC-1, NC-2, NC-4, and NC-5, and any proposed activities would be coordinated with FWS
due to the heightened importance of these areas to the recovery of the species (FWS 2001). Unit NC-3,
which includes several islands in the Pamlico Sound known as Bird Islands, is outside the area of likely
sediment management activities. Unit NC-5 is located within a proposed reference area that is unlikely to be
impacted by sediment management activities but could be impacted during an emergency action. Portions of
unit NC-2 have been indicated as areas of potential sediment management and activities could occur within
this portion of the critical habitat unit. The remainder of the critical habitat unit would be a reference area
and impacts from sediment management activities would be limited to emergency actions. Under
alternative B, sediment management activities to restore wintering and nesting habitat would occur within
piping plover CWH unit NC-1, on Green Island, and unit NC-4, at the south end of Hatteras Island. Over the
last 15 years, Green Island has eroded and is now completely gone, most likely due to boat traffic in Oregon
Inlet increasing wave (or wake) energy, climate change causing relative sea-level rise, and increased storm
frequency and severity. Unit NC-4 on the south end of Hatteras Island has lost approximately one mile of
sand beach and nearly all suitable piping plover habitat since 2001, when the designated CWH was last
revised. Because little to no habitat remains within these CWH units, sand placement and shaping activities
would benefit piping plover by restoring historic wintering and nesting habitat.

Under alternative B, impacts due to sea-level rise, storm activity, and erosion would continue to occur
similar to what has been observed in the recent past, documented in chapter 3, and described for
alternative A including habitat loss (beach narrowing and/or steepening), loss of nests to inundation and
erosion (FWS 2017; NPS 2017a, 2017b, 2017c, 2017d, 2017e, 2017g, 2018c, 2018g, 2019c¢), and a
reduction of benthic forage resources (Beukema 2002; Galbraith et al. 2002; Fujii 2012; Birchenough et
al. 2015). In addition, beneficial impacts such as habitat creation from overwashes would also occur under
alternative B. It is anticipated that the impacts could be less under alternative B than alternative A (i.e.,
overwashes and island breaches occur less frequently, wider dry beaches remain available for shorebirds,
and fewer nests are inundated or lost to erosion), because the proposed increase of sediment management
activities would help mitigate for the loss of sand from the beaches.

Mitigation for activities would be determined by a BO issued by FWS as a result of NPS consultation
for this sediment management framework. Mitigation measures may include, but are not limited to, the
following:
= Notifying the FWS of commencement of activities for the purposes of tracking incidental take;
®  Educating all personnel involved in the sand placement process of the potential presence of
piping plovers;
®  Conducting a visual survey in the area of work before the start of each work morning to
determine if piping plovers are present;
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m  Carefully moving equipment if piping plovers are present in the work area to allow the
individuals to move out of the area; and

= [pitiating coordination with the FWS if any activities would potentially adversely affect nesting
piping plovers or if activities are ongoing and piping plovers are being territorial or exhibiting
other nesting behaviors (FWS 2017).

Cumulative Impacts

The impacts from past, present, and reasonably foreseeable actions would be similar to those described for
alternative A. Sediment management at the Seashore has the potential to impact shorebird species through
flushing and disruption during construction activities and burial of benthic communities necessary for
foraging. Italso could eliminate sparse vegetation on beaches where nourishment has occurred, limiting
cover for nesting communities. These effects would last for the duration of construction and could last from
six months to several years after, when numbers of benthic organisms would recover. Vehicular traffic and
sediment addition may also bury or destroy shorebird nests, although this is unlikely and not anticipated due
to mitigation measures already in place and additional measures required by SUP conditions. Placement of
sediment along the shoreline could also create habitat for shorebirds in future years, as natural processes
transport the sediment to new locations and redeposit it naturally, creating the sparsely vegetated beach
habitats in which many shorebirds typically would nest. In addition, proposed habitat restoration at Green
Island (critical habitat unit NC-1) and the south spit of Hatteras Island (critical habitat unit NC-4) would
increase critical habitat for wintering piping plover inthese areas. When the incremental impacts of
alternative B are combined with the impacts of past, present, and reasonably foreseeable actions, overall
cumulative impacts would be beneficial with the incremental impacts of alternative B contributing most of
the impacts. Overall listed shorebird species would experience displacement, nesting impacts, and foraging
impacts during construction and lasting from six months to several years after construction, but they may
also experience an increase in available habitat at the Seashore with an increase in dry sand beach after
sediment management activities over the course of the framework.

Conclusion

The implementation of multiple beach nourishment projects each year over the span of 20 years may
result in greater availability of dry beach (when compared to alternative A) for resting and nesting habitat.
It may also increase the availability of a wider (lower-sloped) intertidal beach (when compared to the no-
action) and increase foraging habitat for species that prey on the invertebrate community. It may also
disrupt listed shorebirds, their habitat, and available prey during implementation and up to a year after.

A study conducted near Cape Fear, North Carolina, south of the Seashore, following a beach nourishment
project conducted by USACE concluded that there were no significant changes in total shorebird
abundance after nourishment and that habitat use may have increased at this beach (Grippo et al. 2007).
This study did note that feeding behavior declined after nourishment but there was no clear effect on
shorebird behavior as a result of the project. The study noted that a decline in shorebird feeding behavior
could be short in duration. It is likely nests lost to overwash would decline on beaches where sediment
management has occurred. Between 2014-2018, two large beach nourishment projects occurred at the
Seashore and it appears trends for most shorebird species were not impacted, positively or negatively. It is
likely that over the course of the 20-year framework, Seashore-wide, shorebird sightings, nests, and
fledglings would continue to fluctuate, with some temporary (lasting from 6 months to several years)
impacts at construction sites and an increase in activity at sites where a dry sand beach has been created
or stabilized as a result of beach nourishment. It is also likely that an increase in the sediment budget
along the Seashore may result in accretion in some areas where nourishment is not proposed, potentially
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expanding habitat for shorebird species. The habitat restoration projects proposed under this alternative at
Green Island and the south end of Hatteras Island would also create suitable habitat for foraging and
nesting. Alternative B would preserve approximately 13 noncontiguous miles as reference areas, and it
would remove these areas from consideration for sediment management activities in all cases except for
emergencies. These areas would remain open to shorebird use, and in general, shorebird activities within
these areas would be unimpeded.

Under alternative B, impacts due to sea-level rise, storm activity, and erosion would continue to occur,
leading to degradation of potential nesting, foraging, and resting habitat for shorebirds. In addition,
beneficial impacts such as habitat creation from overwashes would also occur. It is anticipated that the
impacts could be less under alternative B when compared to alternative A (i.e., overwashes and island
breaches occur less frequently, wider dry beaches remain available for shorebirds, and fewer nests are
inundated or lost to erosion), because the proposed increase of sediment management activities would
help mitigate for the loss of sand from the beaches.

Ensuring protection of shorebird habitats is critical to the recovery of listed species, as outlined in
relevant recovery plans, and beach nourishment activities would increase the longevity of shorebird
habitats. The extent of this benefit would depend upon the number and extent of projects proposed,
especially due to ongoing net erosion along the Seashore and the threat of rising sea level. As described
under the “Littoral Processes and Barrier Island Morphology” section, adding new sand to the beach
system may help maintain the integrity of the barrier islands in the long term.

Alternative C

Under alternative C, sediment management activities would occur on up to 6 miles of beach every five
years, rather than every year as would be permitted under alternative B. This means that all of the
approximately 67 miles of the Seashore would remain available as habitat at any given time with the
exception of every 5 years when 61 miles would be available if sediment management activities are
occurring; exclusion areas for reference monitoring would not take place under this alternative. This
would cause the same impacts as described in detail under alternative B but to a lesser extent.

Addition of sediment to the shorelines would have the potential to temporarily decrease habitat quality by
altering sediment particle sizes, eliminating sparse vegetation, and burying benthic invertebrate prey
species (Speybroeck et al. 2006; Cohen et al. 2008; FWS 2017). Beach sand placement would also limit
overwash and the creation of sandy deltas (FWS 2017). Equipment use on the beach could disturb and
displace nesting, foraging, and wintering listed shorebirds; result in burial or destruction of existing nests
by workers or vehicles; and lead to potential nest abandonment (FWS 1996a, 2017). These impacts would
be mitigated by using sand with matching grain size, composition, and color of the native sand on the
existing beach (FWS 2017), and the benthic community would recover naturally between six months to
several years(Greene 2002; Speybroeck et al. 2006; Baptist et al. 2009; Wilber et al. 2009; CZR
Incorporated and CSE 2014; Rosov et al. 2016; Wooldridge et al. 2016).

Although under alternative C the impacts of each project would be the same as under alternative B, there
would be fewer sediment management actions over the next two decades, so the impacts would occur
over asmaller area than under alternative B. There would also be fewer areas that would experience
repeated sand placement, which would provide more time for benthic and vegetation communities to
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recover (Manning et al. 2014; Rosov et al. 2016). In general, it is expected that current trends in shorebird
use and nesting at the Seashore would continue as documented by the Seashore monitoring reports,
because sediment management activities would not increase over the historic rate.

Cumulative Impacts

Past, present, or reasonably foreseeable actions that would affect shorebirds would be the same as
described above under alternative B and alternative A. Alternative C would impact shorebirds by
disturbance during construction that could lead to nest abandonment, potential nest or egg destruction by
equipment or personnel, alteration of beach and sediment characteristics, and removal of benthic prey
species and sparse vegetation. These impacts would be similar to those described in detail for
alternative B, but alternative C would have a lower magnitude of these impacts over the life of the
framework. When combined with the impacts of past, present, and reasonably foreseeable actions,
alternative C would result in temporary adverse impacts to shorebirds and increases in nesting and
foraging habitat, with the incremental impacts of alternative C contributing most of the impacts.

Conclusion

Sediment placement on the beach for purposes of sediment management or for the restoration of habitat
would impact shorebirds as described for alternative B, although due to less frequent proposed sediment
management activities, neither the adverse impacts nor the benefits would be as extensive as those
anticipated under alternative B. Under alternative C, 91% of the Seashore’s shorebird habitat would
remain undisturbed by sediment management activities every 5 years; the remainder of the time, 100% of
the Seashore would be undisturbed by sediment management activities. No designated reference areas
that exclude sediment management activities would be established under this alternative. It is anticipated
that current trends in shorebird nesting and use of the Seashore would continue as described in chapter 3.
This would include the increases and decreases in Seashore use by listed shorebirds as reported in the
Seashore monitoring reports.

Under alternative C, impacts due to sea-level rise, storm activity, and erosion would continue to occur,
leading to degradation of potential nesting, foraging, and resting habitat for shorebirds. In addition,
beneficial impacts such as habitat creation from overwashes would also occur. It is anticipated that the
impacts could be lessened under alternative C when compared to alternative A (i.e., overwashes and
island breaches occur less frequently, wider dry beaches remain available for shorebirds, and fewer nests
are inundated or lost to erosion), due to sediment management activities which would help mitigate for
the loss of sand from the beaches. However, impacts may not be reduced as much as they would under
alternative B, given the less frequent sediment management activities permitted under alternative C.

Over the life of the proposed framework, it is anticipated the completion of sediment management
activities under alternative C would temporarily impact nesting shorebirds and habitat but would not
permanently degrade or impact the sustainability of the shorebird community, nesting habitat, or piping
plover CWH. The size and rate of projects under alternative C would most likely result in an increase in
nesting, foraging, and wintering habitat. Given the temporary (lasting from six months to several years)
nature of the impacts to these habitats for any individual project, it is unlikely the overall habitat quality at
the Seashore or the listed shorebird community that use the Seashore would be reduced by sediment
management activities under alternative C.
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Comparative Conclusion of Alternatives

Under alternative A, shorebirds would not be impacted by construction related activity associated with the
NPS permitting of sediment management activities. It is likely erosion would continue along the Seashore
and in areas where the island is prohibited from migrating landward due to development, there could be a
loss of dry sand beach necessary for habitat. This loss could impact nesting, resting, foraging, migrating,
and wintering shorebirds, and shorebirds would most likely be displaced elsewhere. Alternative A could
increase the chance of overwash fans and inlet breaches in undeveloped areas which, although rare, could
create new habitat on the sound side shoreline, which would benefit shorebirds. Alternative B would
introduce impacts (lasting hours to several years) associated with construction noise and habitat
disturbance, as well as disturbance to benthic communities vital for foraging shorebirds. These impacts
would be confined to less than 9% of the total length of the Seashore every year (with construction related
impacts affecting less area), as described earlier in this chapter. Alternative B may also create a wider dry
sand beach necessary for nesting and foraging for shorebird species. Additionally, the potential
restoration of habitat on Green Island or the south end of Hatteras Island and other areas of the Seashore
may increase the total available habitat for shorebirds at the Seashore, generally improving conditions for
these species. Under alternative C, 67 miles of the Seashore would remain available at any given time
with the exception of every 5 years when 61 miles would be available if sediment management activities
are occurring; exclusion areas for reference monitoring would not take place under this alternative.
Alternative C would impact and benefit listed shorebirds similarly, but on a smaller scale than

alternative B. Benefits from the monitoring component and holistic framework associated with
alternative B would not be seen with alternative C.

STRUCTURES AND INFRASTRUCTURE

Methodology for Analyzing Impacts

The focus of this impact analysis is on changes to how residents, visitors, Seashore staff, and emergency
personnel access the Seashore, as well as how that access affects the local economy and property values.
NC 12 is the only access road into and out of the Seashore and is essential for access to villages and
private property. Additionally, the economies of Dare and Hyde Counties are primarily tourism-based,
and partially rely on the beauty of and opportunity to enjoy the Seashore, as well as a functioning NC 12
which provides access for those visitors to the Seashore. Past planning documents, park statistics, and
input from park staff provide background on visitor use and experience at the Seashore and were used to
estimate the effects of the alternatives on resident and visitor experience. Major storm and extreme high
tide events, road closures, flooding, and relative sea-level rise result in substantial economic impacts; loss
of access to hospitals, fire, and police protection; loss of accommodations tax revenue; and related
devaluations of businesses and property. Anticipated impacts on socioeconomics and private property
were analyzed using information from public records, previous studies, and similar project experience.

Impact Analysis

Alternative A (No-Action Alternative)

Under alternative A, the current risk factors affecting the Seashore and surrounding communities,
including erosion and damage during severe weather events, would continue or worsen. NC 12 would
remain vulnerable to continued erosion and overwash and would be at a higher risk for future roadway
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damage. With relative sea-level rise rates along the Seashore at approximately 0.2 in per year (NOAA
2020b), it is likely that storm and extreme high tide events may produce more severe overwash and
erosion in the future. It is expected that under alternative A emergency closures of NC 12 would continue
to occur and possibly increase after storm and extreme high tide events.

Given current conditions and anticipated future relative sea-level rise, there is an increased risk for NC 12
to be closed due to storm damage and remain closed until repairs to the roadway and utilities are
completed. Because this is the only road into and out of the Seashore, as well as the major artery through
the local communities, closures of NC 12 would cut off residents and visitors from important services and
supplies such as hospitals and grocery stores, depending on where the closures occur. Between 2013-
2020, NC 12 closed entirely, or was impassible, 74 times at the Seashore (NCDOT, Williams, pers.
comm., 2020). Within this time span, the highest number of total road closures or impassible events (22)
occurred in 2019 (NCDOT, Williams, pers. comm., 2020). If either Ocracoke Island or Hatteras Island
were breached during a future storm event, NCDOT would run limited ferry routes depending on the
location of the breach and would not create new emergency ferry basins or docks; this may further limit
access to or evacuation from the islands for residents and visitors.

The following serves as an example of a recent storm event that resulted in closure of portions of NC 12
and limited access to the Seashore. In September 2019, Hurricane Dorian resulted in NC 12 becoming
impassable due to overwash and severe damage, cutting off access to Hatteras Island and Ocracoke Island
for an extended time (Dare County News 2019). During the recovery process, access to ferry service to
Ocracoke Island was limited for the first few days to emergency responders, crews bringing supplies, and
law enforcement (NCDOT 2019a). Emergency ferry services were implemented between Hatteras and
Ocracoke Islands, bypassing the closed section of NC 12, to bring hurricane relief supplies and personnel
to Ocracoke Island as well as to evacuate stranded residents. The ferry service took two-and-a-half hours
for a one-way trip; the normal ferry trip when NC 12 is open is one hour (NCDOT 2019b). Future
closures similar to this are expected to continue under alternative A, and emergency ferry services or
other means of providing access would likely be required after severe storm and extreme high tide events.

Public Health and Safety

Limited access due to NC 12 damage may continue to result in adverse impacts on public health and
safety if residents and visitors cannot access hospitals, grocery stores, or other needed supplies. For
example, as discussed above, Hurricane Dorian resulted in closure of portions of the Seashore to residents
and visitors while emergency crews cleared NC 12 of sand, water, and debris. In the hardest hit areas on
Ocracoke Island, emergency ferry services were implemented to bypass the closed section of NC 12.
Though the emergency ferry services provided needed access into and out of those areas, it increased the
travel time from Hatteras to Ocracoke Island and then to final destinations such as a hospital or grocery
store from a one-hour ferry ride to a two-and-a-half-hour ferry ride plus travel time to a nearby
community (Hallac 2019). Although this is an example of a major storm event, similar, if less intense,
closures of NC 12 occur under more typical seasonal storm and flooding events.

Visitor and Resident Access and Experience

Under alternative A, the currentrisk factors affecting visitor and resident access and experience would
continue or worsen. If NC 12 continues to see overwash and damage during future storm and extreme high
tide events, residents and visitors would have limited access to the Seashore until the road is cleared and/or
repaired. Lack of access to areas of the Seashore would limit recreational and tourism opportunities during
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the closures, and potentially drive people to leave or stop coming to the Seashore. Visitation at the Seashore
in 2019 was 2.6 million, the highest in 15 years, suggesting visitation would continue to increase and,
therefore the number of visitors impacted by storm and extreme high tide events and alternative A would
increase (NPS 2019f and 2020a). During future storm and extreme high tide events, local businesses may be
inundated with storm surge, preventing viable tourism opportunities and negatively impacting visitor and
resident experience through the closure of many amenities.

Erosion rates of Seashore beaches would continue or worsen. Over time, this would result in a loss of
beach areas and recreation access, limiting areas for recreation such as sunbathing, walking,
beachcombing, picnicking, surf fishing, ORV use, and surfing. This loss would diminish the resident and
visitor experience as people may lose access to preferred beach areas and the remaining areas would
become more crowded due to the lack of other opportunities. It is likely that existing public parking lots
would see damage and overwash during future storm and extreme high tide events, which would diminish
the visitor experience due to lack of parking and closures. If damages to infrastructure during storm and
extreme high tide events occur, NPS visitor facilities may close for repairs. These closures would
adversely affect the visitor and resident experience if they are otherwise able to access some areas of the
Seashore, but not all NPS facilities.

Socioeconomics and Private Property

In 2019, 2.6 million visitors spent more than $168 million in communities within and near the Seashore.
This spending supported 2,422 jobs in the local area and had a cumulative benefit to the local economy of
$211 million (NPS 2020a). Under alternative A, the expected continuation of damage due to continued
erosion, relative sea-level rise, and future storm and extreme high tide events would have long-term
implications for the future health of the local economy. Property owners, including state and local
agencies, would be subject to economic losses resulting from future maintenance needs, costs of repairs
and temporary emergency measures, and losses in local tourism revenues.

NC 12 closures would have adverse effects on the local economy, as communities at the Seashore would
be isolated from the mainland until access is restored. As mentioned in chapter 3, the closures are
becoming more common. Most recently, this occurred after Hurricane Dorian when Ocracoke and
Hatteras Islands were inaccessible due to severe damage and closure of NC 12. Figure 20 in appendix A
shows an example of flooding experienced along NC 12, inundating utility poles. Both Hyde and Dare
Counties rely heavily on tourism activities. Such closures have interrupted and would continue to
interrupt visitation to the Seashore, and by extension, would disrupt house and lodging rentals and
business operations. If transportation routes are closed due to storm damage or chronic erosion,
communities at the Seashore, as in the past, would have to seek alternative ways of transporting materials,
goods, and services, likely by ferry or small plane. However, the existing ferry system has limited
capacity to transport visitors and materials to the Seashore. Based on an estimated cumulative benefit to
the local economy of approximately $211 million per year from visitation, each day of road closure on
Hatteras and Ocracoke Islands has a potential to severely impact business and tax revenues (NPS 2020a).

In addition to NC 12 closures, erosion and rising sea levels would continue to put private properties at
risk of flooding and damage, reducing the attraction to the area and decreasing the ability to recruit local
work force. Property damage and other access disruptions would also negatively affect revenues from the
Occupancy Tax and Food and Beverage Tax, generally used towards local services and maintenance.
Losses in revenues from the Occupancy Tax and/or Food and Beverages Tax could result in increases in
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property taxes while property values decrease or decreases in services to offset these losses, meaning both
local residents and the future health of the tourism industries would be affected. Figure 25 in appendix A
shows how beachfront erosion has affected private property at the Seashore.

Under alternative A, as erosion progresses and sufficient room to maintain protective dunes no longer exists,
the state, county and individual property owners are likely to implement more short-term emergency
measures during storm events, such as placing sand bags and pushing sand that came from the Seashore
onto private property back onto the dunes. Costs associated with future roadway, infrastructure, and
property repairs as well as the necessary emergency measures would be dependent on timing, frequency,
and severity of future storm events. Consequently, there is the potential for very high costs associated with
these needed repairs and emergency measures. Erosion and rising sea levels coupled with severe weather
events would also cause damage to developed property at the Seashore. Economic losses would result not
only from the cost of continuous property repairs, but also from depressed property values, lack of
recruitment to the labor force, and loss of tourism-based revenue.

Cumulative Impacts

Past, present, and reasonably foreseeable actions that would affect structures and infrastructure include past
beach nourishment activities, channel dredging, roadway improvements, and ORV management. Past beach
nourishment activities have added sedimentto the system. This sediment has temporarily reduced erosion
and damage on NC 12 and beach front properties through the creation of a wider beach. These beaches will
remain vulnerable to erosion over time. Past beach nourishment activities may have affected the volume and
occurrence of overwash onto NC 12. Past, present, and future dredging of Oregon Inlet has caused and may
continue to cause erosion to the south end of Bodie Island, referred to as the Bodie Island Spit. This erosion
may result in reduced recreational opportunities for visitors in this specific site. Past and future ferry channel
dredging has resulted in and may continue to result in beneficial impacts to Seashore access by improving
the reliability of ferry services to and from areas of the Seashore. Roadway improvements may continue to
result in improved access to and from the Seashore for residents and visitors. These improvements may also
allow for more efficient evacuations prior to storm and extreme high tide events and more efficient
emergency response after such events.

ORV management actions would provide expanded access for ORV use in the Seashore, which would be
both beneficial and adverse to visitors and residents. Visitors and residents using ORVs may find the
designated routes beneficial because they would be able to experience more of the Seashore via ORV. Other
visitors may find the presence of any ORV on the beach a disruption to their experience. There would likely
be no impacts on socioeconomics or private property due to ORV management. Overall, these past, present,
and reasonably foreseeable actions have and would continue to have temporary and localized beneficial
cumulative impacts on structures and infrastructure, impacting visitor experience, with some adverse
impacts occurring at certain sites such as the Bodie Island Spit.

Under alternative A, NC 12 would remain vulnerable to erosion and damage. Limited access due to this
may continue to result in adverse impacts on public health and safety if residents and visitors cannot
access hospitals, grocery stores, or other needed supplies. Over time, erosion would result in a loss of
beach areas and recreation access, which would diminish the resident and visitor experience. In addition
to NC 12 closures, continued erosion and rising sea levels may continue to put private properties at risk of
flooding and damage and decrease the ability to recruit local work force.
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When the incremental impacts of alternative A are combined with the impacts of past, present, and
reasonably foreseeable actions, the overall cumulative impacts to Seashore access would be adverse, with
the incremental impacts of alternative A contributing most of the impacts.

Conclusion

Over the life of the sediment management framework (20 years), under alternative A, the Seashore’s
vulnerability to severe weather events would continue. As relative sea-level rise continues and the
intensity of storm systems increase, it is increasingly likely that NC 12 would be inaccessible during and
after storm events due to overwash and damage. Public health and safety would continue to be at risk
during these closures because NC 12 is the only road into and out of the Seashore. Closures of NC 12
could cut off residents and visitors from important services and supplies such as hospitals and grocery
stores, depending on where the closures occur. Closures of NC 12 and limited access to the Seashore
would be detrimental to the local economy because it relies heavily on tourism. If tourists are unable to
visit areas the Seashore due to lack of access via NC 12 or due to loss of beach areas due to erosion, local
business owners would see losses in tourism revenue. Additionally, property owners and responsible
entities at the state and local level would be subject to economic losses resulting from future maintenance
needs, costs of repairs and temporary emergency measures, depressed property values, and lack of
visitors. The magnitude of these impacts would depend on the severity and intensity of future storms, and
impacts may be localized. However, it is likely that the Seashore, residents, and local economy would be
increasingly more vulnerable to major storm events under alternative A.

Alternative B (Proposed Action / Preferred Alternative)

Sediment management activities authorized by the NPS may temporarily reduce the current risk factors
affecting the Seashore (including erosion) due to the temporary widening of beaches and the stabilization
of dunes. This sediment placement may mitigate damage to NC 12 from erosion during future storm
events, which may reduce the frequency of closures. Specific beach nourishment actions permitted under
alternative B would be designed to consider relative sea-level rise and may allow the Seashore to be more
resilient during and after intense storm events. Although closures of and damage to NC 12 as a result of
storm events would not be eliminated, reduced frequency of closures and a reduction in the severity of
damage would improve the overall resiliency of the Seashore after storm events and may help restore
access for residents and visitors.

Public Health and Safety

Alternative B may reduce the frequency of road closures by protecting NC 12 from overwash and damage
during future storm and extreme high tide events; the level of protection would be dependent upon when
and where sediment management activities are conducted and the type of storm event that occurs. A
reduction in closures would allow access to hospitals, grocery stores, and other services accessed via

NC 12 to be maintained or restored more quickly after storm and extreme high tide events. Because

NC 12 would be less vulnerable to severe damage from such events, NCDOT would be better able to
clear the road of sand and debris and reopen the road more quickly when compared to alternative A. This
would allow for faster response of emergency supplies and personnel to areas in need after a major storm
or extreme high tide event. As evidenced by the 2017 Beach Restoration to Protect NC Highway 12 at
Buxton Project, the placement of nourishment projects may significantly reduce overwash and road
closures for at least a couple years following the conclusion of the project.
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Visitor and Resident Access and Experience

Over the life of alternative B, sediment placement may reduce road closures, temporarily helping to
maintain continued access to beachfront communities and beaches of the Seashore. Because NC 12 is the
only road into and out of the Seashore, reduced closures after storm events may improve overall access
for residents and visitors. Because NC 12 may temporarily be less vulnerable to severe damage from
storm events, NCDOT may be better able to clear the road of sand and debris and reopen the road more
quickly when compared to alternative A. This may allow for faster response of emergency supplies and
personnel to areas in need after a major storm event and may allow for evacuated residents to return more
quickly. Although closures of NC 12 due to storm events would not be eliminated, access to destinations,
grocery stores, and other services accessed via NC 12 may be maintained or restored more quickly after
storm events, which would be a beneficial impact on resident and visitor experience.

The sediment placement authorized under alternative B may temporarily reduce erosion rates of Seashore
beaches, thereby helping to maintain recreation access to beaches and areas for recreation such as
sunbathing, walking, beachcombing, picnicking, surf fishing, ORV use, and surfing. NPS visitor
facilities, including buildings and parking lots, may be at a reduced risk of damages related to erosion
which may reduce the frequency and duration of closures. When NPS visitor facilities can reopen more
quickly after storm events, the overall visitor experience of the Seashore would be improved when
compared to alternative A.

In the unlikely event that sediment is brought to a site by truck instead of piped directly from a dredging
operation, every million cubic yards would require approximately 65,000 15-cy dump truck loads
delivered to the project site. It is likely a trucking project would disrupt local traffic patterns around the
project site and could lead to additional wear and tear on roads within the Seashore. However, because
there are limited upland sand resources within an economical distance to the Seashore it is likely that
nearly all beach nourishment projects performed under alternatives B would be performed via dredge and
fill operations.

Although sediment placement authorized under alternative B may increase the resiliency of some
shoreline areas of the Seashore after storm events, it may also result in periodic, short-term disruptions to
access at varying locations during beach nourishment activities. During implementation of these
activities, sections of beaches actively undergoing sand placement and movement would be closed to the
public, which would disrupt the visitor experience. The active work zone would be cordoned off for
safety but sections of beach within approximately 200 ft of the work area would be free of equipment and
remain open for public use. The open section of beach would have a single pipe running the length of the
section back towards the landing pipe (from offshore). Sand ramps would be constructed across the pipe
every 100-200 ft to provide ingress and egress for equipment and the public. The presence of construction
equipment may also diminish the visitor and resident experience through visual and noise disruptions.
These closures and disruptions may only last the duration of each beach nourishment project (less than
one year) and would take place in incremental lengths of 600-800 ft (less than 0.2% of the Seashore).
Overall, the total beach area affected would be approximately 6 miles, or less than 9% of the Seashore per
year. At least 61 miles of the Seashore (91%) would remain available at any point, and of those 61 miles,
13 miles (approximately 20% of the Seashore) would be set aside as reference zones and not considered
for sediment management activities (in all cases except for emergencies). In the event of a catastrophic
event or extreme weather year, up to 12 miles of nourishment activities may take place no more
frequently than every 5 years, which would result in additional areas of beach closure; however, the
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overall beach area affected would still be relatively small at only 18% of the total Seashore and only
incremental areas being closed to access during active sand placement.

Socioeconomics and Private Property

Sediment placement along the shoreline would reduce wave runup resulting in a beneficial effect on
nearby infrastructure and NC 12. The addition of sediment at various locations along the Seashore may
temporarily benefit the local economy in Dare and Hyde Counties because, until the added sediment
erodes away, properties may experience less adverse effects from human-caused erosion and storm events
and access may be interrupted less frequently and/or for a shorter duration after storm events. The
temporary beneficial impacts would be felt region-wide because of the dependence of Dare and Hyde
Counties on tourism and access to the Seashore. NPS estimated that visitor spending at the Seashore
supports 2,422 jobs in the area (NPS 2020a). Alternative B may result in the temporary reduction of the
adverse effects of erosion, storm damage, and relative sea-level rise on these jobs (and recruitment
potential) through improved reliability of access for consumers and employees when compared to
alternative A. Because of the temporary but beneficial secondary impacts on local buildings and
infrastructure from sediment management activities under alternative B, Seashore visitation and tourism
would be less subject to interruption due to closures and damage.

Although damage to beachfront properties and infrastructure during future storm events would not be
eliminated, sediment management activities may reduce damage to these properties and infrastructure by
creating a wider beach profile and reducing wave runup, which would benefit private property. The
number of years of reduced damage from erosion and storm events would depend on the frequency and
magnitude of future storms, relative sea-level rise, and other human-caused impacts on natural shoreline
processes. Benefits to private property would last as long as the sediment remains in place, which would
vary from one location to another. However, overall, the sediment added to the Seashore under
alternative B would be expected to reduce the frequency and severity of storm and erosion damages to
buildings and infrastructure through a wider beach profile and higher dunes. It may also reduce the need
for temporary emergency measures during storm events. Overall, costs resulting from damages or
emergency protective measures and repairs may be reduced as a result of alternative B.

The magnitude of the beneficial impact would be dependent on how long any newly added sediment
remains in place. Overall, the potential economic benefits of alternative B, specifically the resulting
benefits for private properties and access along NC 12 over the life of the permitted projects, may offset
the cost of individual beach nourishment projects.

Because the sediment management activities conducted under NPS permits would require closure of
portions of Seashore beaches during such activities, there would be some limited adverse impacts to the
local economy. Businesses or rental property owners adjacent to closed beach areas may see a reduction
in tourist activity during the time of closure. However, impacts would not be widespread as only 600-800
ft of beaches (less than 0.2% of the Seashore) would be closed at any given time for each project. Overall,
the total beach area affected would be approximately 6 miles, or less than 9% of the Seashore per year
(and up to 12 miles in the event of a catastrophic event or extreme weather year — 18% of the Seashore),
as described earlier in this chapter. Therefore, alternative B would not likely deter visitors to the area.
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These localized impacts are expected to last only the duration of the sediment management activities, or
less than one year for each project. Given the limited geographic area of impact at any given time and the
limited timeframe, these impacts are not considered substantial.

Cumulative Impacts

The impacts from past, present, and reasonably foreseeable actions would be the same as those described
for alternative A. Alternative B may reduce the frequency of road closures by protecting NC 12 from
overwash and damage during future storm and extreme high tide events. The reduction in closures would
allow access to hospitals, grocery stores, and other services accessed via NC 12 to be maintained or
restored more quickly after such events. The sediment placement authorized under alternative B may
temporarily reduce erosion rates of Seashore beaches, thereby helping to maintain recreation access to
beaches. Although sediment placement under alternative B may increase the resiliency of some shoreline
areas of the Seashore after storm events, it may also result in periodic, short-term disruptions to access at
varying locations during beach nourishment activities. NC 12 and beach front properties may be
temporarily less vulnerable to erosion and damage and these benefits to private property would last as
long as the sediment remains in place, which would vary from one location to another. When the
incremental impacts of alternative B are combined with the impacts of other past, present, and reasonably
foreseeable actions, the overall cumulative impacts on structures and infrastructure would be temporary,
localized and beneficial, with the incremental impacts of alternative B contributing most of the impacts.

Conclusion

Over the life of the sediment management framework (20 years), relative sea-level rise and more intense
storm events would continue to result in erosion and overwash along the Seashore. While damages from
these events cannot be eliminated, alternative B would result in a more resilient Seashore with additional
protections for existing structures and infrastructure. These protections would primarily occur in localized
areas where NC 12 is protected from overwash and damage by wider beaches where sediment placement
is undertaken. These areas may be less subject to erosion during storm events, which may protect life and
property from storm damage within the vicinity. Because NC 12 may be less subject to overwash and
damage in these areas, emergency personnel may be able to more efficiently undertake recovery efforts,
improving overall public health and safety in the Seashore. The local economy may be able to more
quickly recover from storm events due to Seashore access via NC 12 being interrupted less frequently
and/or for a shorter duration after storm events. Alternative B would be consistent with the Seashore’s
purpose of providing for recreational use and enjoyment because the NPS could more quickly restore
access to recreational resources accessible by NC 12. The magnitude of these protections would be
dependent upon the location of sediment placement activities in relation to local infrastructure as well as
the frequency and intensity of future storm events. However, it is likely that the Seashore, residents, and
the local economy would be better able to recover from major storm events under alternative B.

Alternative C

Under alternative C, sediment placement activities authorized by the NPS may temporarily reduce the
current risk factors affecting the Seashore in the same manner as described under alternative B above.
However, the protection would be of a lesser extent than under alternative B because sediment management
activities would occur on up to 6 miles of beach every 5 years, rather than every year under alternative B. In
addition, this alternative would not incorporate a holistic framework for the Seashore.
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Public Health and Safety

Alternative C would have the same localized reduction in impacts on NC 12 from overwash and storm
damage during future storm and extreme high tide events as described under alternative B. However, the
level of protection under alternative C would be less than that of alternative B and may not reduce the
frequency and duration of closures of NC 12 due to storm and extreme high tide events when compared
with the existing conditions. Future storm and extreme high tide events would continue to result in
closures of portions of NC 12, which may temporarily cut off access to evacuation routes, hospitals,
grocery stores, and other resources for residents and visitors; the intensity, duration, and location of which
would depend on the extent and nature of the storm damage. Protection of NC 12 would be highly
localized and would only occur where nourishment projects are undertaken and would only last while the
wider beach remains in place.

Visitor and Resident Access and Experience

Alternative C would have the same localized reduction in impacts to Seashore access from road closures
as described under alternative B. However, the reduction in impacts would be to a lesser extent and would
be more localized than alternative B because the frequency of nourishment would be reduced (every 5
years). Nourishment projects authorized under alternative C may not reduce the overall frequency and
duration of closures of NC 12 due to storm and extreme high tide events when compared with the existing
conditions. In these cases, residents and visitors would have limited access to the Seashore until the road
is cleared and/or repaired. Lack of access to areas of the Seashore would limit recreational and tourism
opportunities during the closures. Protection of Seashore access via NC 12 would be highly localized and
would only occur where nourishment projects are undertaken and would only last while the wider beach
remains in place.

Sediment management activities would result in the same periodic, short-term disruptions to access at
various locations during beach nourishment activities as discussed under alternative B above. The low
possibility of traffic disruptions and wear on Seashore roads is further reduced under this alternative.
However, these disruptions to access and closure of beaches would occur in fewer areas or would occur
less frequently than under alternative B because fewer miles of nourishment projects would be undertaken
each year.

Socioeconomics and Private Property

Alternative C would result in the same secondary impacts related to protection of shoreline buildings,
infrastructure, and NC 12 as discussed under alternative B. However, these impacts would be of a lesser
extend under alternative C than under alternative B because fewer miles of nourishment projects would
take place per year. Seashore visitation and tourism would be less subject to interruption due to closures
and damage in the areas where nourishment activities are undertaken and while the wider beach remains
in place. Similarly, increased protection of private property along the shoreline from overwash and
erosion would be expected in the nourished areas in the same manner as described under alternative B.
Under alternative C, these protections would include area of up to 6 miles of beach every 5 years, which
may not reduce the overall interruption of Seashore visitation due to closures and damage each year
compared to existing conditions.

Sediment management activities would result in the same periodic, short-term closures of portions of

Seashore beaches during beach nourishment activities as discussed under alternative B above. Businesses
or rental property owners adjacent to closed beach areas may see a reduction in tourist activity during the
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time of closure. However, these disruptions would occur in fewer areas or would occur less frequently
than under alternative B because fewer miles of nourishment projects would be undertaken each year.

As under alternative B, these localized impacts are expected to last only the duration of the sediment
management activities, or less than one year for each project. Given the limited geographic area of impact
at any given time and the limited timeframe, these impacts are not considered substantial.

Cumulative Impacts

The impacts from past, present, and reasonably foreseeable actions would be the same as those described for
alternative A. Alternative C would temporarily protect portions of NC 12 from overwash and damage during
future storm and extreme high tide events. This protection would allow access to hospitals, grocery stores,
and other services accessed via NC 12 to be maintained or restored more quickly after such events. The
sediment placement authorized under alternative C may temporarily reduce erosion rates of Seashore
beaches, thereby helping to maintain recreation access to beaches. Although sediment placement under
alternative C may improve the resiliency of some shoreline areas of the Seashore after storm events, it may
also result in periodic, short-term disruptions to access at varying locations during beach nourishment
activities. NC 12 and beach front properties where nourishment projects are undertaken may be temporarily
less vulnerable to erosion and damage and these benefits to private property would last as long as the
sediment remains in place, which would vary from one location to another. When the incremental impacts
of alternative C are combined with the impacts of other past, present, and reasonably foreseeable actions, the
overall cumulative impacts on structures and infrastructure would be temporary, localized, and beneficial,
with the incremental impacts of alternative C contributing only a portion of the impacts.

Conclusion

Over the life of the sediment management framework (20 years), relative sea-level rise and more intense
storm events would continue to result in erosion and overwash along the Seashore. While damages from
these events cannot be eliminated, alternative C would result in a more resilient Seashore with protections
for existing structures and infrastructure than alternative A. These protections would primarily occur in
localized areas where NC 12 is protected from overwash and damage by wider beaches where sediment
placement is undertaken. These areas may be less subject to erosion during storm events, which may
protect life and property from storm damage within the vicinity. However, alternative C may not reduce
the overall frequency in which NC 12 is damaged or closed due to future storm and extreme high tide
events when compared to the existing management conditions. Alternative C would be consistent with the
Seashore’s purpose of providing for recreational use and enjoyment because the NPS could continue to
work with NCDOT to restore access to recreational resources accessible by NC 12 after storm and
extreme high tide events. This may not be the case for the Pea Island NWR portion of the Seashore,
where the purpose is primarily to protect and enhance migratory waterfowl and habitats. The magnitude
of these protections would be dependent upon the location of sediment placement activities in relation to
local infrastructure as well as the frequency and intensity of future storm events.

Comparative Conclusion of Alternatives

Under all alternatives, there would be continued adverse impacts on Seashore resources, values, and
infrastructure, as well as private property and NC 12 because of the erosion resulting at least partially
from human activities, existing hardened structures along the Seashore, and storm and extreme high tide
events. Under alternative B and alternative C, these impacts would be temporarily lessened in and near
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the locations of the sediment management project, while the sediment remains in place. Alternative B
would result in the greatest reduction of impacts to structures and infrastructure.

Under all alternatives, NC 12 closures would cause residents and visitors to lose access to the Seashore,
and emergency personnel would need to rely on alternate methods of providing relief such as by
emergency ferry routes. These adverse situations may be less severe and less frequent under alternative B
and alternative C, but they would not be eliminated.

Under all alternatives, beachfront buildings and other infrastructure would continue to suffer damages,
requiring closures that would result in loss of revenue from tourism as well as costs incurred by property
owners for emergency protection measures and repairs. These adverse situations may be less severe and
less frequent under alternative B and alternative C but would not be eliminated.

Alternative B and, to a lesser extent, alternative C may result in beneficial impacts to Seashore access by
creating wider beaches. This may have secondary, temporary beneficial impacts on NC 12, other roads,
and infrastructure adjacent to the shoreline. Under alternative B and, to a lesser extent, alternative C,
access to the Seashore by residents and visitors may be maintained or restored more quickly after storm
events because NC 12 may be less vulnerable to storm damages. Emergency personnel and equipment
may be better able to access areas in need, more quickly restoring power and other vital services.
Beachfront businesses may also experience less damage, allowing them to reopen more quickly after
damage does occur, reducing their overall revenue losses. Overall, the improved access to the Seashore
may temporarily allow the tourism-based economy to be more resilient under alternative B and
alternative C compared to alternative A.

UNAVOIDABLE ADVERSE IMPACTS

The NPS is required to consider if the proposal would result in impacts that could not be fully mitigated
or avoided (NEPA section 102(2)(c)(ii)). The following discussion describes the potential unavoidable
adverse impacts by alternative.

Alternative A (No-Action Alternative)

Under alternative A there would be unavoidable adverse impacts to littoral processes and barrier island
morphology; EFH and benthic communities; sea turtles; shorebirds; and structures and infrastructure. The
occurrence of long-term unavoidable adverse impacts to littoral processes and barrier island morphology
is debated among scientists, and there are differing perspectives as to whether a highly engineered barrier
island system is preferable to one with increased erosion, island narrowing, increased overwash events,
and landward migration. Impacts include the permanent alteration of the Seashore’s footprint which could
also adversely impact its resources and associated infrastructure.

There would be long-term unavoidable impacts to certain types of EFH and benthic communities under
alternative A because unabated erosion would result in a steeper beach profile, increased sedimentation,
and recurrent inlet breaches. These changes would reduce certain types of EFH including intertidal mud
flats, SAV, and tidal marsh, and would lead to a decline in the abundance and diversity of intertidal
benthic communities.
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Long-term unavoidable impacts to sea turtles and shorebirds would occur in the form of habitat loss
where the beach cannot naturally migrate inland in response to relative sea-level rise. A long-term
increase in the frequency and intensity of storm events may also increase the overwash/inundation of sea
turtle nests and nests lost to erosion. Loss of shorebird habitat would adversely impact nesting, resting,
foraging, migrating, and wintering, and shorebirds could be misplaced elsewhere.

There would also be unavoidable adverse impacts to infrastructure, public health and safety,
socioeconomics, and visitor/resident experiences at the Seashore due to continued or worsening erosion
and severe weather events. These impacts include a loss of access to the Seashore, damage to property
and the increased cost of repairs or the resulting loss of revenue and reduced recreational opportunities.

Alternatives B and C (Action Alternatives)

Under alternatives B and C, there would be unavoidable adverse impacts to benthic organisms and EFH;
shorebirds; and structures and infrastructures at the Seashore. Sediment management activities would have
unavoidable adverse impacts on benthic communities and EFH by burying benthic organisms at the project
site and by introducing more turbidity into the water column. These adverse impacts would be direct and
short-term, anticipated to last between six months to several years. There would also be short-term adverse
impacts to shorebirds from sediment management activities due to temporary construction activity and
habitat disturbance, as well as disturbance to benthic communities vital for foraging shorebirds. These
impacts are expected to last up to several years and would be confined to less than 9% (6 miles) of the total
Seashore every year (potentially upto 18% [12 miles] of the Seashore no more frequently than every 5 years
due to catastrophic damage). At least 61 miles of the Seashore (91%) would remain available at any point,
and of those 61 miles, 13 miles (approximately 20% of the Seashore) would be set aside as references zones
and not considered for sediment management activities (in all cases except for emergencies). Impacts from
alternative C would be even less frequent and not exceed 9% of the Seashore. While long-term, unavoidable
adverse impacts to structures and infrastructure would still be expected from erosion caused partially by
human activities, existing hardened structures along the Seashore, and continued storms and extreme high
tide events, the action alternatives are expected to lessen these impacts.

SUSTAINABILITY AND LONG-TERM MANAGEMENT

The NPS is required to consider the relationship between short-term uses of the environment and the
maintenance and enhancement of long-term productivity (NEPA section 102(2)(C)(iv)). Indoing so, the
NPS considers the long-term impacts of its actions, and whether its actions involve tradeoffs between
immediate use of resources and long-term productivity and sustainability of resources.

Alternative A (No-Action Alternative)

The NPS would not permit any sediment management actions under alternative A, thereby avoiding
short-term uses of the environment. There is the possibility for sediment management project requests to
occur during this NEPA compliance process, which would be handled under current management. Long-
term productivity of the Seashore’s natural resources would remain generally intact, likely within the
range of natural variability as dynamic littoral processes continued to shape the barrier island morphology
and the ecosystems associated with this coastal system. Alternative A would not result in the long-term
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management and protection of the Seashore and associated recreational opportunities and nationally
important resources.

Alternatives B and C (Action Alternatives)

Under alternatives B and C, the NPS would permit varying levels of sediment management activities at
the Seashore. This would allow relocation of sediments from some part of the coastal system (subject to
project-specific approvals) for nourishment of portions of the Seashore, mostly along ocean-facing
beaches within high-erosion areas. The excess volume of sediment placed along beaches provides a
reservoir to accommodate average annual erosion losses for a number of years before the sediments have
been eroded away and returned to the system. Although this requires repeated short-term use of sediments
(whether dredged or sourced elsewhere), the sediments are ultimately returned to the system; therefore,
long-term sustainability of the system is not affected. The costs to repeatedly undertake these efforts may
be somewhat offset by protecting the area’s tourism-driven economic base and more reliable access via
NC 12 when compared to alternative A.

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

The agencies must consider if the effects of the alternatives cannot be changed or are permanent (that is,
the impacts are irreversible). The NPS must also consider if the impacts on park resources would mean
that once gone, the resource could not be replaced; in other words, the resource could not be restored,
replaced, or otherwise retrieved (NEPA section 102(2)(C)(v)).

Alternative A (No-Action Alternative)

Alternative A would not irreversibly nor irretrievably commitany resources. Although the islands may
narrow and migrate over the long term, there is a debate among scientists as to whether this is preferable
for the Seashore, its resources, infrastructure, and those communities within the Seashore.

Alternatives B and C (Action Alternatives)

Alternatives B and C each have the potential to result in irreversible and irretrievable commitment of
resources related to sediment management activities because operation of dredging and sediment moving
equipment would require the use of non-renewable fossil fuels. The sediments used under the action
alternatives are ultimately returned to the system; however, not in its natural function, such as an offshore
feature or biological habitat). Once the sand is dredged, that volume is typically no longer available as a
resource in offshore borrow sites, for dredging or naturally.
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CHAPTERS: CONSULTATION AND COORDINATION

PUBLIC PARTICIPATION AND SCOPING

Scoping is an essential component of the NEPA planning process. The formal scoping process for this
DEIS consisted of public scoping and consultation with federal, state, local and Tribal government
agencies. The formal NEPA process and 30-day public scoping period was initiated on April 10, 2020,
with the publication of a Notice of Intent in the Federal Register (85 FR 20298). In addition to the Notice
of Intent, preliminary information regarding the DEIS was provided to the public and other interested
parties through a press release and a public scoping newsletter. During the public scoping period, the NPS
hosted four virtual meetings and received more than 140 pieces of correspondence. Comments were
generally organized into the following topics: proposed action, no action, new alternatives, resource topic
areas, purpose and need, and suggested references.

AGENCY CONSULTATION AND COOPERATION

Agency consultation is the early involvement of federal, state, local and Tribal government agencies that
may be affected by the federal action. Similar to the public scoping process, this allows interested
agencies or tribal governments to comment and contribute early in the decision-making process and helps
NPS identify key issues or requirements to be considered in the NEPA process. During development of
the DEIS, the NPS hosted an agency scoping meeting with the regulatory and consulting agencies to seek
recommendations for streamlining regulatory requirements related to the actions being considered in this
DEIS. Alist of state and federal permits, licenses, and approvals relevant to this framework are described
in appendix B.

The following agencies accepted cooperating agency status to assist with preparation and review of this
framework and DEIS, as noted in chapter 1:
= USACE Wilmington District Regulatory and Planning Divisions
FWS
BOEM
NCDOT Ferry and Highway Divisions
NCWRC
Dare County
Hyde County

RECIPIENTS OF THE DRAFT ENVIRONMENTAL IMPACT STATEMENT

Upon publication of the notice of availability of the DEIS in the Federal Register, electronic notification
will be provided to the media, federal departments/agencies, state and county governments, elected
officials, tribal governments, organizations, businesses, and interested individuals via the NPS electronic
mailing list and the NPS Project, Environment & Public Comment (PEPC) website. Hard copies of the
DEIS will be distributed to USEPA Region 4.
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LIST OF PREPARERS

Name Title Office Location \

National Park Service

Rebecca Beavers Coastal Geology and Coastal Adaptation Coordinator, [ Washington Support Office
Geologic Resources Division/Climate Change Response
Program

Julia Brunner Policy & Regulatory Specialist, Geologic Resources Lakewood, CO
Division, Natural Resource Stewardship and Science
Directorate

Henry Crawford Geologic Hazards Scientist, Geologic Resources Lakewood, CO
Division/Environmental Stewards

Kelly Daigle Project Manager/Environmental Protection Specialist, Washington Support Office
Environmental Quality Division

Mark Dowdle Deputy Superintendent, Cape Hatteras National Cape Hatteras National
Seashore Seashore, NC

David Hallac Superintendent, Cape Hatteras National Seashore Cape Hatteras National

Seashore, NC

JamiHammond Regional Environmental Coordinator, Interior Region 2 - | Atlanta, GA
South Atlantic Gulf

Sabrina Henry Environmental Protection Specialist, Cape Hatteras Cape Hatteras National
National Seashore Seashore, NC

Meaghan Johnson Deputy Chief Resource Management and Science, Cape Hatteras National
Cape Hatteras National Seashore Seashore, NC

Monique LaFranceBartley | Marine Ecologist, Ocean and Coastal Resources Fort Collins, CO
Branch, Water Resource Division, Natural Resource
Stewardship and Science Directorate

Mike Martin Hydrologist, Water Resource Division, Natural Resource | Fort Collins, CO
Stewardship and Science Directorate

Linda York Regional Coastal Geomorphologist, Interior Region2- | Atlanta, GA
South Atlantic Gulf

Tracy Ziegler Chief of Resource Management and Science, National | Cape Hatteras National
Parks of Eastern North Carolina Seashore, NC

VHB, Inc.

Candice Andre Senior Project Planner Raleigh, NC

Margaret Beavers Environmental Scientist Williamsburg, VA

Doug DeBerry Senior Environmental Scientist Williamsburg, VA

Erin Leatherbee Preservation Planner Williamsburg, VA

Tracy Littell Environmental Planner Wiliamsburg, VA

Sean Murray Environmental Scientist Wiliamsburg, VA

Kara Opel Environmental Planner Williamsburg, VA

R. Neville Reynolds Senior Coastal Scientist Williamsburg, VA

Coastal Science and Engineering, Inc. (CSE)
Patrick Barrineau Coastal Scientist Columbia, SC
Tim Kana Senior Coastal Scientist Columbia, SC

149

Consultation and Coordination




REFERENCES

Ackerman, R.A.

1980 “Physiological and Ecological Aspects of Gas Exchange by Sea Turtle Eggs.” American
Zoologist, 20 (1980): 575-583.

Addison, D.S., M.C. Kraus, J.K. Maheuron, and D.G. Suitor
1998 “Seasonal Effects of Tropical Storms on the Hatchling Success of Loggerhead Turtle
Nests in Collier County, Florida.” In S.P. Epperly and J. Braun, compilers, Proceedings
of the 17" Annual Sea Turtle Symposium. US Department of Commerce, NOAA
Technical Memorandum NMFS-SEFSC-415, pp. 116-119.

American Bird Conservancy
2017 “Roseate Tern: bird of the week.” Accessed January 20, 2020.
https://abcbirds.org/bird/roseate-tern/

Applied Coastal Research and Engineering, Inc., Continental Shelf Associates, Inc., Barry A. Vittor &
Associates, Inc., and Germano & Associates, Inc.
2003 Final Report: Collection of Environmental Data within Sand Resource Areas Offshore
North Carolina and the Environmental Implications of Sand Removal for Coastal and
Beach Restoration — Volume I: Main Text. MMS Study 2000-056. Prepared for US
Department of the Interior Minerals Management Service. Herndon, VA: MMS.

Bagnold, R.A.
1941 The Physics of Blown Sand and Desert Dunes. Mineola: Dover Publications, Inc.

Baker, A., P. Gonzalez, R. I. G. Morrison, and B.A. Harrington
2013 “Red Knot (Calidris canutus), version 2.0.” Accessed February 13, 2020.
https://birdsna.org/Species-Account/bna/species/redkno.

Baker, J.D., C.L. Littnan, and D.W. Johnston
2006 “Potential Effects of Sea Level Rise on the Terrestrial habitats of Endangered and
Endemic Megafauna in the Northwestern Hawaiian Islands.” Endangered Species
Research, 2 (2006): 21-30.

Baptist, M.J., J.E. Tamis, B.W. Borsje, and J.J. Van der Werf

2009 Review of the Geomorphological, Benthic Ecological and Biogeomorphological Effects
of Nourishments on the Shoreface and Surf Zone of the Dutch Coast (No. C113/08)
IMARES/Deltares.

Bascom, W.N.
1954 “Characteristics of Natural Beaches.” In Proceedings 4th Conference on Coastal

Engineering, American Society of Civil Engineers, Chicago, IL.

Baskale, E. and Y. Kaska

2005 “Sea Turtle nest Conservation Techniques on Southwestern Beaches in Turkey.” Israel
Journal of Zoology, 51 (2005): 13-26.

REF-1 References


https://abcbirds.org/bird/roseate-tern/

Bergquist, D.C., S.E. Crowe, M. Levisen, and R.F. Van Dolah
2008 Change and Recovery of Physical and Biological Characteristics at Beach and Borrow
Areas Impacted by the 2005 Folly Beach Renourishment Project. South Carolina
Department of Natural Resources Marine Resources Division, Technical Report Number
102, February 2008.

Bertness, M.D.
1984 “Ribbed Mussels and Spartina alterniflora Production in a New England Salt Marsh.”
Ecology, 65 (1984): 1794-1807.

Beukema, J.J.
2002 “Expected Changes in the Benthic Fauna of Wadden Sea Tidal Flats as a Result of Sea-
Level Rise or Bottom Subsidence.” Journal of Sea Research, 47 (2002): 25-39.

Beyst, B., K. Hostens, and J. Mees
2002 “Factors Influencing the Spatial Variation in Fish and Macrocrustacean Communities in
the Surf Zone of Sandy Beaches in Belgium.” Journal of the Marine Biological
Association of the U.K., 82 (2002): 181-187.

Birchenough, S.N.R., H. Reiss, S. Degraer, N. Mieszkowska, A. Borja, et al.
2015 “Climate Change and Marine Benthos: A Review of Existing Research and Future
Directions in North America.” Wiley Interdisciplinary Reviews: Climate Change, 6
(2015): 203-223.

Birdlife International
2019a “Important Bird Areas Factsheet: Cape Hatteras National Seashore.” Accessed August
13, 2019. http://datazone.birdlife.org/site/factsheet/26141.

2019b “Species factsheet: Charadrius melodus.” Accessed November 25, 2019.
http://datazone.birdlife.org/species/factsheet/piping-plover-charadrius-melodus

Bjork, M., F. Short, E. Mcleod, and S. Beer
2008 Managing Seagrasses for Resilience to Climate Change. No. 3. IUCN.

Blanton, J.O., J. Amft,and T. Tisue
1997 “Response of a small-scale bottom-attached estuarine plume to wind and tidal
dispersion.” Journal of Coastal Research, 13 (1997): 349-362.

Booher, M. and L. Ezell
2001 Out of Harm’s Way: Moving America’s Lighthouse. Annapolis, MD: Eastwind
Publishing Company.

Boss, S.K. and C.W. Hoffman
1999 Sand Resources of the North Carolina Outer Banks 2" Interim Report: Assessment of
Buxton Study Area. Prepared for the Outer Banks Task Force and the North Carolina
Department of Transportation.

REF-2 References


http://datazone.birdlife.org/site/factsheet/26141

Briggs, J. C. and B. W. Bowen
2012 “A Realignment of Marine Biogeographic Provinces with Particular Reference to Fish
Distributions.” Department of Fisheries and Wildlife. Corvallis, OR: Oregon State
University.

Broccoli, A.J. and S. Manabe
1990 “Can Existing Climate Models Be Used to Study Anthropogenic Changes in Tropical
Cyclone Climate.” Geophysical Research Letters, 17 (1990): 1917-1920.

Brock, K.A., J.S. Reece, and L.M. Ehrhart
2009 “The Effects of Artificial Beach Nourishment on Marine Turtles: Differences between
Loggerhead and Green Turtles.” Restoration Ecology, 17 (2009): 297-307.

Browder, A.E. and R.G. Dean
2000 “Monitoring and comparison to predictive models of the Perdido Key beach nourishment
project, Florida, USA.” Coastal Engineering, 39 (2000): 173-191.

Brush, M.J. and S.W. Nixon
2002 “Direct measurements of light attenuation by epiphytes on eelgrass Zostera marina.”
Marine Ecology Progress Series, 238 (2002): 73-79.

Brutsche, K.E., P. Wang, J.D. Rosati, and T.M. Beck
2015 “Evolution of a Swash Zone Berm Nourishment and Influence of Berm Elevation on the
Performance of Beach-Nearshore Nourishments along Perdido Key, Florida, USA.”
Journal of Coastal Research, 31 (2015): 964-977.

Bureau of Ocean Energy Management (BOEM)

2013 Review of Biological and Biophysical Impacts from Dredging and Handling of Offshore
Sand. Bureau of Ocean Energy Management, Herndon, VA. OCS Study BOEM 2013-
0119.

2014 Characterization of Underwater Sounds Produced by Trailing Suction Hopper Dredges

During Sand Mining and Pump-out Operations. Bureau of Ocean Energy Management,
Herndon, Virginia. OCS Study BOEM 2014-055.

2017 Review of Sea Turtle Entrainment Risk by Trailing Suction Hopper Dredges in the US
Atlantic and Gulf of Mexico and the Development of the ASTER Decision Support Tool.
Bureau of Ocean Energy Management, Sterling, Virginia. OCS Study BOEM 2017-084.

2019a “Marine Minerals Information System (MMIS).” Accessed September 12, 2019.
https://mmis.doi.gov/BOEMMMIS/.

2019b “Building a National Offshore Sand Inventory.” Accessed August 2019.
https://www.boem.gov/marine-minerals/building-national-offshore-sand-inventory.

Burger, J., R. Gochfeld., C. D. Jenkins, and F. Lesser
2010 “Effect of Approaching Boats on Nesting Black Skimmers: Using Response Distances to
Establish Protective Buffer Zones.” Journal of Wildlife Management 74(1): 102-108.

REF-3 References


https://mmis.doi.gov/BOEMMMIS/
https://www.boem.gov/marine-minerals/building-national-offshore-sand-inventory

Butler, J. N. and A. W. Stoner
1983 “Pelagic Sargassum: has its biomass changed in the last 50 years?” Deep Sea Research
31(10): 1259-1264.

Bynum, R.
2019 “Rare Sea Turtles Smash Nesting Records in Georgia, Carolinas.” ABCNews, July 13,
2019. Accessed: January 13, 2020. https://abcnews.go.com/US/wireStory/rare-sea-turtles-
smash-nesting-records-georgia-carolinas-64312283.

Cabaco, S., O. Ferreira, and R. Santos

2010 “Population Dynamics of the Seagrass Cymodocea nodosa in Ria Formosa Lagoon
Following Inlet Artificial Relocation.” Estuarine, Coastal and Shelf Science, 87 (2010):
510-516.
Cairns, W.E.
1982 “Biology and Behavior of Breeding Piping Plovers.” The Wilson Bulletin of Ornithology.
94 (4) (1982): 531-545
Cameron, S.
2008 “Roof-Nesting Common Terns and Black Skimmers in North Carolina.” The Chat. 72 (2)

(2008): 44 - 45.

Cameron, S., Allen, D., Lyons, M., Cordes, L., and S. Maddock.
2020 “Compilation and Assessment of Piping Plover Wintering and Migratory Staging Area
Data in North Carolina.” Proceedings of the Symposium on the Wintering Ecology and
Conservation of Piping Plover. Accessed on January 28, 2020.

Caribbean Fishery Management Council (CFMC)
1981 Environmental Impact Statement/Fishery Management Plan and Regulatory Impact
Review for the Spiny Lobster Fishery of Puerto Rico and the U. S. Virgin Islands.

Carney, K.M., and W.J. Sydeman
1999 “A Review of Human Disturbance Effects on Nesting Colonial Waterbirds.” Waterbirds:
The International Journal of Waterbird Biology, 22 (1999): 68-79.

Carr, M. H. and M. A. Hixon
1997 “Artificial Reefs: The Importance of Comparisons with Natural Reefs.” Fisheries, 22
(1997): 28-33.

Casale, P. and A. D. Tucker
2017 “Caretta caretta (amended version of 2015 assessment).” The IUCN Red List of
Threatened Species 2017: €. T3897A119333622. Accessed on November 27, 2019.
http://dx.doi.org/10.2305/IUCN.UK.2017-2.RLTS.T3897A119333622.en.

Casazza, T. L. and S. W. Ross
2008 “Fishes Associated with Pelagic Sargassum and Open Water Lacking Sargassum in the
Gulf Stream off North Carolina.” Fisheries Bulletin, 108 (2008): 348-363.

REF-4 References


https://abcnews.go.com/US/wireStory/rare-sea-turtles-smash-nesting-records-georgia-carolinas-64312283
https://abcnews.go.com/US/wireStory/rare-sea-turtles-smash-nesting-records-georgia-carolinas-64312283

Cerame-Vivas, M. J. and I. E. Gray
1966 “The Distributional Pattern of Benthic Invertebrates of the Continental Shelf off North
Carolina.” Ecology, 47 (1966): 260-270.

Chesapeake Bay Program
2019 “Eastern Oyster: Crassostrea virginica.” Accessed November 26, 2019.
https://www.chesapeakebay.net/S=0/fieldguide/critter/eastern_oyster

Coastal Review Online
2019a “Dare Board Approves Dredge Contract.” Accessed August 30, 2019.
https://www.coastalreview.org/2019/05/dare-board-approves-dredge-contract/.

2019b “Emergency Ferry Channel to be Dredged.” Accessed August 30, 2019.
https://www.coastalreview.org/2019/07/emergency-ferry-channel-to-be-dredged.

Coastal Science & Engineering, Inc. (CSE)
2013a Monitoring and Analyses of the 2011 Nags Head Beach Nourishment Project: Year 1
(2012) Beach Monitoring Report for Town of Nags Head, NC. Columbia, SC: Coastal
Science and Engineering.

2013b Shoreline Erosion Assessment and Plan for Beach Restoration, Rodanthe and Buxton
Areas, Dare County, North Carolina: Feasibility Report for Dare County Board of
Commissioners. Columbia, SC: Coastal Science and Engineering.

2015 Beach Restoration to Protect NC Highway 12, Clean Water Act 404 and NPS Special
Use Permits at Buxton, Dare County, North Carolina Environmental Assessment.
Prepared for the US Army Corps of Engineers and National Park Service. Columbia, SC:
CSE.

2018 Monitoring and Analyses of the 2011 Nags Head Beach Nourishment Project. Beach
Monitoring Report Prepared for the Town of Nags Head, NC. Columbia, SC: Coastal
Science & Engineering, Inc.

2019 “Beach Maintenance at Buxton to Protect NC Hwy 12: Dare County, North Carolina.”
Presentation to NCDCM, Dare County, NC, August 22, 2019.

Coastwise Consulting, Inc.
2017 The Monitoring and Mitigation of Impacts to Protected and Endangered Species During
Hopper Dredging Projects: Dare County, NC Beach Nourishment Project. Athens, GA.

Cohen, J. B., Wunker, E. H. and J. D. Fraser
2008 “Substrate and Vegetation Selection by Nesting Piping Plovers.” The Wilson Journal of
Ornithology, 120 (2008): 404-407.

Colosio, F., M. Abbiati, and L. Airoldi
2007 “Effects of Beach Nourishment on Sediments and Benthic Assemblages.” Marine
Pollution Bulletin, 54 (2007): 1197-1206.

REF-5 References


https://www.coastalreview.org/2019/05/dare-board-approves-dredge-contract/
https://www.coastalreview.org/2019/07/emergency-ferry-channel-to-be-dredged/

Convertino, M., J.F. Donoghue, M.L. Chu-Agor, G.A. Kiker, R. Mufioz-Carpena, R.A. Fischer, I. Linkov
2018 “Anthropogenic Renourishment Feedback on Shorebirds: A Multispecies Bayesian
Perspective.” Ecological Engineering, 37 (2018): 1184-1194.

Cooper, J. A. G., A. N. Green, R. P. Meireles, A. H. F. Klein, J. G. N. de Abreu, and E. E. Toldo
2019 “Tidal Strait to Embayment: Seismic Stratigraphy and Evolution of a Rock-Bounded
Embayment in the Context of Holocene Sea Level Change.” Marine Geology, 415
(2019): 1-10.

Cooper, J. A. G., A. N. Green, R. P. Meireles, A. H. F. Klein, J. Souza, and E. E. Toldo
2016 “Sandy Barrier Overstepping and Preservation Linked to Rapid Sea Level Rise and
Geological Setting.” Marine Geology, 382 (2016): 80-91.

Cornell University
2017a “Gull-billed Tern. All About Birds.” Accessed August 15, 2019.
https://www.allaboutbirds.org/guide/Gull-billed_Tern.

2017b “Black Skimmer. All About Birds.” Accessed August 15, 2019.
https://www.allaboutbirds.org/guide/black_skimmer.

2017c “American Oystercatcher. All About Birds.” Accessed August 15, 2019.
https://www.allaboutbirds.org/guide/American_Oystercatcher/id.

2017d “American Oystercatcher, Life History.” Accessed September 30, 2019.
https://www.allaboutbirds.org/guide/ American_Qystercatcher/lifehistory.

2019 “Wilson’s Plover, Life History.” Accessed September 30, 2019.
https://www.allaboutbirds.org/guide/Wilsons_Plover/lifehistory.

Council on Environmental Quality, Executive Office of the President (CEQ)
1981 Memorandum to Agencies: Forty Most Asked Questions Concerning CEQ’s National
Environmental Policy Act Regulations. 46 Federal Register 18026, March 23, 1981. As

2005 “Guidance on the Consideration of Past Actions in Cumulative Effects Analysis.”
Memorandum. Executive Office of the President.

County of Dare North Carolina

2019 Annual Budget Fiscal Year 2020. May 2019.
Cowgill, R. W.
1989 “Nesting success of Least Terns on two South Carolina barrier islands in relation to

human disturbance.” The Chat, 53 (1989): 82-87.

Craft, C., J. Clough, J. Ehman, S. Joye, R. Park, S. Pennings, H. Guo, and M. Machmuller
2009 “Forecasting the Effects of Accelerated Sea-Level Rise on Tidal Marsh Ecosystem
Services.” Frontiers in Ecology and the Environment, 7 (2009): 73-78.

Crain, D.A., A.B. Bolten, and K.A. Bjorndal
1995 “Effects of Beach Nourishment on Sea Turtles: Review and Research Initiatives.”
Restoration Ecology, 3 (1995): 95-104.

REF-6 References


https://www.allaboutbirds.org/guide/Gull-billed_Tern
https://www.allaboutbirds.org/guide/black_skimmer
https://www.allaboutbirds.org/guide/American_Oystercatcher/id
https://www.allaboutbirds.org/guide/American_Oystercatcher/lifehistory
https://www.allaboutbirds.org/guide/Wilsons_Plover/lifehistory.

Crowe, S.E., D.C. Bergquist, D.M. Sanger, and R.F. Van Dolah
2016 “Physical and biological alterations following dredging in two beach nourishment borrow

areas in South Carolina's coastal zone.” Journal of Coastal Research, 32 (2016): 875-
889.

Culver, S.J., K.M. Farrell, D.J. Mallinson, B.P. Horton, D.A. Willard, E.R. Thieler, S.R. Riggs, S.W.
Snyder, J.F. Wehmiller, C.E. Bernhardt, and C.Hillier
2008 “Micropaleontologic record of late Pliocene and Quaternary paleoenvironments in the
northern Albemarle Embayment, North Carolina, USA” Palaeogeography,
Palaeoclimatology, Palaeoecology, vol 264 (2008): 54-77.

Culver, S.J., C.A. Grand Pre, D.J. Mallinson, S.R. Riggs, D.R. Corbett, J. Foley, M. Hale, L. Metger., J.
Ricardo, J. Rosenberger, D.G. Smith, C.W. Smith, S.W. Snyder, D. Twamley, K. Farrell, and B.P. Horton
2007 “Late Holocene Barrier Island Collapse: Outer Banks, North Carolina, USA.” The
Sedimentary Record, vol. 5: 4-8.

Cuthbert, F.J., Wires, L.R. and K. Timmerman
2003 Status Assessment and Conservation recommendations for the common tern (Sterna

hirundo) in the Great Lake’s Region. US Department of the Interior, Fish and Wildlife
Service, Ft. Snelling, MN.

CZR Incorporated (CZR) and CSE
2014 Nags Head Beach 2011 Nourishment Project: Biological Monitoring Post-Year 2 and
Final Report. Prepared for the Town of Nags Head, Dare County, NC. May 2014.

2015a Appendix B — Biological Assessment: Beach Restoration to Protect NC Highway 12 at
Buxton, Dare County, North Carolina Environmental Assessment. Prepared for the US
Army Corps of Engineers and National Park Service.

2015b Appendix D — Essential Fish Habitat Assessment: Beach Restoration to Protect NC
Highway 12 at Buxton, Dare County, North Carolina Environmental Assessment.
Prepared for the US Army Corps of Engineers and National Park Service.

Dare County News
2019 “Priority Two Reentry for Areas North of Oregon Inlet Begins Saturday at 12 Noon;
Access to Hatteras Island Remains Closed.” Accessed September 9, 2019.
https://www.darenc.com/Home/Components/News/News/5604/17.

Davidson-Arnott, R.G.D.
2010 Introduction to Coastal Processes and Geomorphology. Cambridge University Press:
New York.

REF-7 References


https://www.darenc.com/Home/Components/News/News/5604/17

Davidson-Arnott, R.G.D. and M.N. Law
1990 “Seasonal patterns and controls on sediment supply to coastal foredunes, Long Point,
Lake Erie in Coastal Dunes Form and Process” In Coastal Dunes: Form and Process,
edited by Karl Nordstrom, Norbert Psuty, and Bill Carter, 177-200. West Sussex: John
Wiley & Sons Ltd.

1996 “Measurement and Prediction of Long-Term Sediment Supply to Coastal Foredunes.”
Journal of Coastal Research, vol 12 (1996): 654-663.

Davis, Jr., R.A., M.V. FitzGerald, and J. Terry
1999 “Turtle Nesting on Adjacent Nourished Beaches with Different Construction Styles:
Pinellas County, Florida.” Journal of Coastal Research, vol 15 (1999): 111-120.

Davis, T., D. Harasti, S.D.A. Smith, and B.P. Kelaher
2016 “Using Modelling to Predict Impacts of Sea Level Rise and Increased Turbidity on
Seagrass Distributions in Estuarine Embayments.” Estuarine, Coastal and Shelf Science,
vol. 181: 294-301.

Dean, R.G.
1991 “Equilibrium Beach Profiles: Characteristics and Applications.” Journal of Coastal
Research, vol 7 (1991): 53-84.
2002 Beach Nourishment Theory and Practice. Singapore: World Scientific Publishing Co Pte

Ltd.

Dean, R.G. and T.J. Campbell
1999 Recommended Beach Nourishment Guidelines for the State of Florida and Unresolved
Related Issues. Atlantic Beach, FL: Florida Department of Environmental Protection.

Dellert, L.J., D. O’Neil, and D.L. Cassill
2014 “Effects of Beach Renourishment and Clutch Relocation on the Success of the
Loggerhead Sea Turtle (Caretta caretta) Eggs and Hatchlings.” Journal of Herpetology,
vol. 48 (2014): 186-187.

Dernie, K.M., M.J. Kaiser, and R.M. Warwick
2003 “Recovery rates of benthic communities following physical disturbance.” Journal of
Animal Ecology, vol 72 (2003): 1043-1056.

De Schipper, M.A., S. de Vries, R. Ranasinghe, A.J.H.M. Reniers, and M.J.F. Stive
2012 “Morphological developments after a beach and shoreface nourishment at Vlugtenburg
beach.” In Jubilee Conference Proceedings, pp. 115-118.

Dexter, D.M.
1969 “Structure of an Intertidal Sandy-Beach Community in North Carolina.” Chesapeake
Science, no. 2 (1969): 93-98.

REF-8 References



Dickerson, D.D. and D.A. Nelson
1989 “Recent Results on Hatchling orientation Responses to Light Wavelengths and
Intensities.” In Proceedings of the 9" Annual Workshop on Sea Turtle Conservation and
Biology, pp. 41-43.

Dinsmore, S.J., A. Collazo, and J.R. Walters
1998 “Seasonal Numbers and Distribution of Shorebirds on North Carolina's Outer Banks.”
Wilson Bulletin, vol. 110: 171-181

Dolan, R., B. Hayden, P. Riddle, and J. Ponton
1974 1973 Buxton Beach Nourishment Project Annotated Photographic Atlas. Charlottesville,
VA: Coastal Research Associates.

Drake, K. R., Thompson, J. E., and K. L. Drake
2001 “Movements, Habitat Use and Survival of Nonbreeding Piping Plovers.” The Condor,
103: 259-267.

Duarte, C.M., N. Marba, D. Krause-Jensen, and M. Sanchez-Camacho
2007 “Testing the Predictive Power of Seagrass Depth Limit Models.” Estuaries and Coasts,
vol. 30: 652-656.

Ducks Unlimited
2019 “DU Projects: Atlantic Flyway.” Accessed August 13, 2019. https://www. ducks.
org/conservation/where-ducks-unlimited-works/waterfowl-migration-flyways/du-
projects-atlantic-flyway.

Dunton, K.J., A. Jordaan, K.A. McKown, D.O. Conover, and M.G. Frisk
2010 “Abundance and Distribution of Atlantic Sturgeon (Acipenser oxyrinchus) within the
Northwest Atlantic Ocean, Determined from Five Fishery-Independent Surveys.” Fishery
Bulletin, vol. 108(4): 450-465.

Elias, S.P., Fraser,J.D., and P. A. Buckley
2000 “Piping Plover Brood Foraging Ecology on New York Barrier Islands.” The Journal of
Wildlife Management, vol. 64, No. 2: 346-354.

Elko, N.A. and P. Wang
2007 “Immediate profile and planform evolution of a beach nourishment project with hurricane
influences.” Coastal Engineering, vol 54 (2007): 49-66.

Emanuel, K.A.
1987 “The Dependence of Hurricane Intensity on Climate.” Nature, vol 326: 483-485.

Epperly, S.P.,J. Braun, A.J. Chester, F.A. Cross, J.V. Merriner, and P.A. Tester
1995 “Winter Distribution of Sea Turtles in the Vicinity of Cape Hatteras and Their

Interactions with the Summer Flounder Trawl Fishery.” Bulletin of Marine Science, vol.
56, No. 2:547-568.

REF-9 References



Ernest, R.G. and R.E. Martin
1999 Martin County Beach Nourishment Project: Sea Turtle Monitoring and Studies 1997
Annual Report and Final Assessment. Jensen Beach, FL: Florida Department of
Environmental Protection.

Essink, K.
1999 “Ecological Effects of Dumping of Dredged Sediments; Options for Management.”
Journal of Coastal Conservation, vol. 5: 69-80.
Evans, P. R.
1976 “Energy Balance and Optimal Foraging Strategies in Shorebirds: Some Implications for
Their Distributions and Movements in the Non-Breeding Season.” Ardea, 5(1-2): 117-
139.

Everts, C.H., J.P. Battley, and P.N. Gibson
1983 Shoreline Movements: Report 1: Cape Henry, Virginia, to Cape Hatteras, North
Carolina, 1849-1980.Vicksburg, MS: Coastal Engineering Research Center.

Fish, M.R., I.M. Cole, J.A. Gill, A.P. Jones, S. Renshoff, and A.R. Watkinson
2005 “Predicting the Impact of Sea-Level Rise on Caribbean Sea Turtle Nesting Habitat.”
Conservation Biology, vol. 19: 482-491.

Fisher, J.S., W. Felder, L. Gulbrandsen, and J. Ponton
1975 Cape Hatteras Nourishment Study Post-pumping Report: March 1974-February 1975.
Department of Environmental Sciences. Charlottesville, VA: University of Virginia.

Florida Audubon Society
2016 Beach Docent Resource Material.
https://fl.audubon.org/sites/default/files/audubon_beachdocentmanual_april2016.pdf.
Accessed February 12, 2020.

Frazer, N.B.
1992 “Sea Turtle Conservation and Halfway Technology.” Conservation Biology, vol. 6
(2010): 179-184.

Friess, D.A., I. Mdller, T. Spencer, G.M. Smith, A.G. Thomson, and R.A. Hill
2014 “Coastal Saltmarsh Managed Realignment Drives Rapid Breach Inlet and External Creek
Evolution, Frieston Shore (UK).” Geomorphology, vol. 208: 22-33.

Fondriest Environmental, Inc.
2014 “Turbidity, Total Suspended Solids and Water Clarity.” Fundamentals of Environmental
Measurements. Accessed June 13, 2020. https://www.fondriest.com/environmental-
measurements/parameters/water-quality/turbidity-total-suspended-solids-water-clarity/

Fuentes, M.M.P.B., M. Hamann, and C.J. Limpus
2010 “Past, Current and Future Thermal Profiles of Green Turtle Nesting Grounds:
Implications from Climate Change.” Journal of Experimental Marine Biology and
Ecology, vol. 383 (2010): 56-64.

REF-10 References


https://fl.audubon.org/sites/default/files/audubon_beachdocentmanual_april2016.pdf

Fujii, T.
2012 “Climate Change, Sea-Level Rise and Implications for Coastal and Estuarine Shoreline
Management with Particular Reference to the Ecology of Intertidal Benthic Macrofauna
in NW Europe.” Biology, vol. 1: 597-616.

Galbraith, H., R. Jones, R. Park, J. Clough, S. Herrod-Julius, B. Harrington, and G. Page
2002 “Global Climate Change and Sea Level Rise: Potential Loss of Intertidal Habitat for
Shorebirds.” Waterbirds, vol. 25: 173-183.

Gilbert, C.
1989 Species profiles: life histories and environmental requirements of coastal fishes and
invertebrates: Atlantic and Shortnose Sturgeons. Prepared for the US Army Corps of
Engineers and US Fish and Wildlife Service. Gainesville, FL: University of Florida.

Godfrey, M.H. and N. Mrosovsky
2006 “Pivotal Temperature for Green Sea Turtles, Chelonia mydas, Nesting in Suriname.”
Herpetological Journal, vol. 16 (2006): 55-61.

Godfrey, P.J.
1972 An Integrated Management Approach to Dune Stabilization Programs in the National
Recreation Areas of the United States East Coast, cited in CSE, Beach Restoration to
Protect NC Highway 12 at Buxton, Dare County, North Carolina Environmental
Assessment (Columbia, SC: CSE, 2015).

Godfrey, P.J. and M.M. Godfrey
1976 Barrier Island Ecology of Cape Lookout National Seashore and Vicinity, North Carolina.
Washington, DC: US Government Printing Office, 1976.

Greater Atlantic Regional Fisheries Office (GARFO)
2020 “Section 7 Effect Analysis: Turbidity in the Greater Atlantic Region.” Updated: January
8, 2020. Accessed: January 19, 2020. https://www.fisheries.noaa.gov/new-england-mid-
atlantic/consultations/section- 7-effect-analysis-turbidity-greater-atlantic-region

Greene, K.
2002 Beach Nourishment: A Review of the Biological and Physical Impacts. Washington, DC:
Atlantic States Marine Fisheries Commission (ASMFC).
Gregg, K.L.
2013 Literature Review and Synthesis of Land-Based Sources of Pollution Affecting Essential

Fish Habitats in Southeast Florida. Prepared for: NOAA Fisheries Southeast Region,
Habitat Conservation Division, West Palm Beach, FL.

Grippo, M.A., S. Cooper, and A.G. Massey
2007 “Effect of Beach Replenishment Projects on Waterbird and Shorebird Communities.”
Journal of Coastal Research, vol. 23: 1099-1096.

Gruchy, C.G. and B. Parker
1980 “Acipenser brevirostrum LeSueur, Shortnose Sturgeon.” Atlas of North American
Freshwater Fishes. Raleigh, NC: North Carolina State Museum of Natural History.

REF-11 References



Gutierrez, B.T., S.J. Williams, and E.R. Thieler
2009 “Coastal Sensitivity to Sea-Level Rise: A Focus on the Mid-Atlantic Region” In Coastal
Sensitivity to Sea-Level Rise: A Focus on the Mid-Atlantic Region. US Climate Change
Science Program.

Hallac, David
2019 “Superintendent David Hallac Details Damage Caused by Hurricane Dorian to Cape
Hatteras National Seashore,” Island Free Press, September 10, 2019. Accessed
September 10, 2019. https://islandfreepress.org/outer-banks-driving-on-the-
beach/superintendent-david-hallac-details-damaged-caused-by-hurricane-dorian-to-cape-
hatteras-national-seashore/.

Hapke, C.J. and R.E. Henderson
2015 Quantification of Shoreline Change Along Hatteras Island, North Carolina — Oregon
Inlet to Cape Hatteras, 1978-2002, and Associated Vector Shoreline Data. US
Geological Survey Open-File Report 2015-1002.

Havholm, K.G., D.V. Ames, G.R. Whittecar, B.A. Wenell, S.R. Riggs, H.M. Jol, G.W. Berger,
and M.A. Holmes
2004 “Stratigraphy of Back-Barrier Coastal Dunes, Northern North Carolina and Southern
Virginia.” Journal of Coastal Research, vol 20 (2004): 980-999.

Hawkes, L.A., A.C. Broderick, M.H. Godfrey, B.J. Godley
2007 “Investigating the Potential Impacts of Climate Change on a Marine Turtle Population.”
Global Change Biology, vol. 13: 923-932.

Hays, G.C., J. S. Ashworth, M. J. Barnsley, A. C. Broderick, D. R. Emery, B. J. Godley, A. Henwood,
and E. L. Jones
2001 “The importance of sand albedo for the thermal conditions on sea turtle nesting beaches.”
Oikos Journal, vol 93 (2001): 87-94.

Hays, G.C., A.D. Mazaris, and G. Schofield
2014 “Different Male vs. Female Breeding Periodicity Helps Mitigation Offspring Sex Ratio
Skews in Sea Turtles.” Frontiers in Marine Science, vol. 19: 1-9.

Hayes, M.O.
1994 “Georgia Bight,” In Geology of the Holocene Barrier Island System, edited by R.A.
Davis, Jr., 233-304. Berlin: Springer-Verlag.

Hayes, M.O. and J.C. Boothroyd
1969 “Storms as Modifying Agents in the Coastal Environment,” In Guidebook Coastal
Environments of NE Massachusetts and New Hampshire: Eastern Section. Reprinted in
Beach and Nearshore Sediments and Processes, edited by R.A. Davis, 25-39.

Hayes, M.O. and M. FitzGerald
2013 “Origin, Evolution, and Classification of Tidal Inlets.” In: Kana, T. J. Michel, and G.
Voulgaris (eds.), Proceedings, Symposium in Applied Coastal Geomorphology to Honor
Miles O. Hayes, Journal of Coastal Research, Special Issue No. 69: 14-33.

REF-12 References


https://islandfreepress.org/outer-banks-driving-on-the-beach/superintendent-david-hallac-details-damaged-caused-by-hurricane-dorian-to-cape-hatteras-national-seashore/
https://islandfreepress.org/outer-banks-driving-on-the-beach/superintendent-david-hallac-details-damaged-caused-by-hurricane-dorian-to-cape-hatteras-national-seashore/
https://islandfreepress.org/outer-banks-driving-on-the-beach/superintendent-david-hallac-details-damaged-caused-by-hurricane-dorian-to-cape-hatteras-national-seashore/

Hayes and Michel
2008 A Coast for All Seasons: a Naturalist’s Guide to the Coast of South Carolina. Columbia,
SC: Pandion Books.

HDR, Inc.
2019 “Marc Basnight Bridge (Bonner Bridge Replacement).” Accessed August 29, 2019.
https://www.hdrinc.com/portfolio/marc-basnight-bridge-bonner-bridge-replacement.

Holland, Jr., B.F.and G.F. Yelverton
1973 Distribution and Biological Studies of Anadromous Fishes Offshore North Carolina.
Prepared for the National Marine Fisheries Service. North Carolina Department of
Natural and Economic Resources.

Holloman, K.T. and M.H. Godfrey
2008 “Sea Turtle Monitoring Project Report, Bogue Banks, North Carolina 2002-2007 Final
Report.” NC Wildlife Resources Commission, March 2008.

Houser, C., C. Hapke, and S. Hamilton
2008 “Controls on Coastal Dune Morphology, Shoreline Erosion and Barrier Island Response
to Extreme Storms.” Geomorphology, vol 100: 223-240.

Houser, C. and S. Hamilton
2009 “Sensitivity of Post-Hurricane Beach and Dune Recovery to Event Frequency.” Earth
Surface Processes and Landforms, vol 34 (2009): 613-628.

Houser, C. and S. Mathew
2011 “Alongshore variation in foredune height in response to transport potential and sediment
supply: South Padre Island, Texas.” Geomorphology, vol 125 (2011): 62-72.

Inman, D. and R Dolan

1989 “The Outer Banks of North Carolina: budget of sediment and inlet dynamics along a
migrating barrier system.” Journal of Coastal Research, vol 5 (1989): 193-237.

Island Free Press
2014 “USFWS to Have Public Hearing on Listing Red Knot as Threatened.” Accessed
November 25, 2019. https://islandfreepress.org/outer-banks-driving-on-the-
beach/05282014-usfwstohavepublichearingonlistingredknotasthreatened/.

2019 “Dare Requests to Dredge Inlet Year-Round.” Accessed August 28, 2019.
https://islandfreepress.org/outer-banks-news/dare-requests-to-dredge-inlet-year-round/.

Izzo, L., and N. Kothari
2011 “Ocypode quadrata — Atlantic Ghost Crab.” Accessed August 2019.
http://animaldiversity.org/accounts/Ocypode_quadrata/.

Jackson, N.L. and K.F. Nordstrom

2011 “Aeolian sediment transport and landforms in managed coastal systems: A review.”
Aeolian Research, vol 3 (2011): 181-196.

REF-13 References


https://www.hdrinc.com/portfolio/marc-basnight-bridge-bonner-bridge-replacement
https://islandfreepress.org/outer-banks-driving-on-the-beach/05282014-usfwstohavepublichearingonlistingredknotasthreatened/
https://islandfreepress.org/outer-banks-driving-on-the-beach/05282014-usfwstohavepublichearingonlistingredknotasthreatened/
https://islandfreepress.org/outer-banks-news/dare-requests-to-dredge-inlet-year-round/

Jaramillo, E., H. Contreras, and P. Quijon
1996 “Macroinfauna and Human Disturbance in a Sandy Beach of South-Central Chile.”
Revista Chilena de Historia Natural, vol. 69: 655-663.

Johnson, R.O. and W.G. Nelson
1985 “Biological Effects of Dredging in an Offshore Borrow Area.” Florida Scientist, vol.
1985: 166-188.

Jones, D. and K. Marten
2016 “Dredging Sound Levels, Numerical Modelling and the EIA.” Terra et Aqua, vol. 144
(2016): 21-29.

Joyner, B.P., M.F. Overton, and J.S. Fisher

1999 “Post-Stabilization Morphology of Oregon Inlet, NC.” In Coastal Engineering 1998, pp.
3124-3137.
Kamphuis, J. W.
2000 Introduction to Coastal Engineering and Management. Hackensack, NJ: World Scientific
Publishing Co.
2010 Introduction to Coastal Engineering and Management. Second Edition. Hackensack, NJ:

World Scientific Publishing Co.

Kana, T.W.
2011 Coastal Erosion and Solutions: A Primer. Columbia: Coastal Science and Engineering.

Kaska, Y. and R. Downie
1999 “Embryological Development of Sea Turtles (Chelonia mydas, Caretta caretta) in the
Mediterranean.” Zoology in the Middle East, vol. 19 (1999): 55-69.

Knott, D.
2006 “Atlantic Ghost Crab, Ocypode quadrata.” Accessed August 2019.
http://www.dnr.sc.gov/cwecs/ pdf/Ghostcrab.pdf.

Koch, M.S., S.A. Schopmeyer, C. Kyhn-Hansen, C.J. Madden, and J.S. Peters
2007 “Tropical Seagrass Species Tolerance to Hypersalinity Stress.” Aquatic Botany, vol.
86(2007): 14-24.

Kocik, J., C. Lipsky, T. Miller, P. Rago, and G. Shepherd
2013 An Atlantic Sturgeon Population Index for ESA Management Analysis. US Department of
Commerce, Northeast Fisheries Science Center Reference Document 13-06; 36 pages.

Komar, P.D.
1998 Beach Processes and Sedimentation. Second Edition. Upper Saddle River, NJ: Prentice-
Hall, Inc., Simon & Schuster.

REF-14 References



Kossin, James P., Kenneth R. Knapp, Timothy L. Olander, and Christopher S. Velden
2020 “Global increase in major tropical cyclone exceedance probably over the past four
decades.” Proceedings of the National Academy of Sciences of the United States of
America. June 2, 2020. 117 (22): 11975-11980.

Kraus, N.C. and W.G. McDougal
1996 “The Effects of Seawalls on the Beach: Part I, An Updated Literature Review.” Journal
of Coastal Research, vol 125: 285-293.

Laney, R.W., J. E. Hightower, B.R. Versak, M.F. Mangold, W.W. Cole, Jr.,and S.E. Winslow
2007 “Distribution, Habitat Use, and Size of Atlantic Sturgeon Captured during Cooperative
Winter Tagging Cruises, 1988-2006.” American Fisheries Society Science Symposium,
vol. 56 (2007): 167-182.

Larson, M., H. Hanson, N. Kraus, and J. Newe
1999 “Short- and long-term responses of beach fills determined by EOF analysis.” Journal of
Waterway, Port, Coastal, and Ocean Engineering, vol 12 (1999): 691-701.

Law, K.L., S. Moret-Ferguson, N.A. Maximenko, G. Proskurowski, E.E. Peacock, J. Hafner, and C.M.
Reddy
2010 “Plastic Accumulation in the North Atlantic Subtropical Gyre.” Science, vol 329: 1185-
1188.

Leatherman, S.P., K. Zhang, and B.C. Douglas
2000 “Sea Level Rise Shown to Drive Coastal Erosion.” Eos, vol. 81: 55-57.

LeBlanc, A.M., T. Wibbels, D. Shaver, and J.S. Walker
2012 “Temperature-Dependent Sex Determination in the Kemp’s Ridley Sea Turtle: Effects of
Incubation Temperature on Sex Ratios” Endangered Species Research, vol. 19: 123-128.

Leewis, L., P.M. van Bodegom, J. Rozema, and G.M. Janssen
2012 “Does beach nourishment have long term effects on intertidal macroinvertebrate species
abundance?” Estuarine, Coastal and Shelf Science, vol. 113 (2012): 172-181.

LeGrand, H.

2020a “Wilson’s Plover - Charadrius wilsonia.” Birds of North Carolina: their Distribution and
Abundance, Accessed January 2020. http://ncbirds.carolinabirdclub.org/accounts.php.

2020b “Roseate Tern — Sterna dougallii.” Birds of North Carolina: their Distribution and
Abundance, Accessed January 2020. http://ncbirds.carolinabirdclub.org/accounts.php.

2020c “American Oystercatcher — Haematopus palliatus.” Birds of North Carolina: their
Distribution and Abundance, Accessed January 2020.
http://ncbirds.carolinabirdclub.org/accounts.php.

2020d “Common Tern — Sterna hirundo.”” Birds of North Carolina: their Distribution and

Abundance, Accessed January 2020. http://ncbirds.carolinabirdclub.org/accounts.php.

REF-15 References


http://ncbirds.carolinabirdclub.org/accounts.php
http://ncbirds.carolinabirdclub.org/accounts.php
http://ncbirds.carolinabirdclub.org/accounts.php
http://ncbirds.carolinabirdclub.org/accounts.php

Leighton, P.A., J.A. Horrocks, and D.L. Kramer
2010 “Predicting Nest Survival in Sea Turtles: When and Where Are Eggs Most Vulnerable to
Predation?” Animal Conservation, vol. 42 (2010): 1-10.

Liu, G., F. Cai, Q. Hongshuai, J. Zhu, and J. Liu
2019 “Morphodynamic Evolution and Adaptability of Nourished Beaches.” Journal of Coastal
Research, vol. 35 (2019): 737-750.

Lohrer, A.M., S.F. Thrush, J.E. Hewitt, K. Berkenbusch, M. Ahrens, V.J. Cummings
2004 “Terrestrially derived sediment: response of marine macrobenthic communities to thin
terrigenous deposits.” Marine Ecology Progress Series, vol 273 (2004): 121-138.

Luijendijk, A.P., R. Ranasinghe, M.A. de Schipper, B.A. Huisman, C.M. Swinkels, D.J.R. Walstra, and
M.J.F. Stive
2017 “The initial morphological response of the Sand Engine: A process-based modelling
study.” Coastal Engineering, vol 119 (2017): 1-14.

Lutcavage, M.E. and P.L. Lutz
1997 “Diving Physiology.” pp. 277-295 in The Biology of Sea Turtles. P.L. Lutz and J.A.
Musick, eds. CRC Press, Boca Raton, Florida

Lutz, P.L. and A. Dunbar-Cooper
1987 “Variations in the blood chemistry of the loggerhead sea turtle, Caretta caretta.” Fishery
Bulletin, vol 85: 37-43.

Machemehl, J.L.
1979 “Damage and Repairs to Coastal Structures.” In Proceedings Coastal Structures,
American Society of Civil Engineers, New York, NY.

Magliocca, N.R., D.E. McNamara, and A.B. Murray
2011 “Long-term, Large-scale Morphodynamic Effects of Artificial Dune Construction Along
a Barrier Island Coastline.” Journal of Coastal Research, vol. 27: 918-930.

Mallinson, D.J., S.J. Culver, S.R. Riggs, J.P. Walsh, D. Ames, and C.W. Smith
2008 Past, Present and Future Inlets of the Outer Banks Barrier Islands, North Carolina.
Thomas Harriot College of Arts and Sciences and Institute for Coastal Science and
Policy. Greenville, NC: East Carolina University.

Mallinson, D., S. Riggs, E.R. Thieler, S. Culver, K. Farrell, D.S. Foster, D.R. Corbett, B. Horton, and J.F.
Wehmiller
2005 “Late Neogene and Quaternary evolution of the northern Albemarle Embayment (mid-
Atlantic continental margin, USA).” Marine Geology, vol 217 (2005): 97-117.

Management Analysis, Incorporated (MAI)
2015 Visitor Survey 2014-2015: The Outer Banks Visitors Bureau Volume 1 Visitor Survey
Report. Manteo, NC: The Outer Banks Visitors Bureau.

REF-16 References



Mann, T.M.
1978 “Impact of Developed Coastline on Nesting and Hatchling Sea Turtles in Southeastern
Florida.” Florida Marine Research Publications, vol 33 (1978): 53-55.

Manning, L.M., C.H. Peterson, and M.J. Bishop

2014 “Dominant Macrobenthic Populations Experience Sustained Impacts from Annual
Disposal of Fine Sediments on Sandy Beaches.” Marine Ecology Progress Series, vol.
508: 1-15.
Manning, L.M., C.H. Peterson, and S.R. Fegley
2013 “Degradation of Surf-Fish Foraging Habitat Driven by Persistent Sedimentological
Modifications Caused by Beach Nourishment.” Bulletin of Marine Science, vol 89: 83-
106.

Maurer, D., R.T. Keck, J.C. Tinsman, W.A. Leathem, and C.A. Wethe
1978 Vertical Migration of Benthos in Simulated Dredged Material Overburdens. Volume 1.
Marine Benthos. Delaware University, Lewes College of Marine Studies.

Mazaris, A.D., G. Matsinos, and J.D. Pantis
2009 “Evaluating the Impacts of Coastal Squeeze on Sea Turtle Nesting.” Ocean and Coastal
Management, vol. 52 (2009): 139-145.

Mazaris, A.D., G. Schofield, C. Gkazinou, V. Almpanidou, and G.C. Hays
2017 “Global Sea Turtle Conservation Successes.” Science Advances, 2017; 3:21600730.

McBride, R.A. and M.R. Byrnes
1997 “Regional variations in shore response along barrier island systems of the Mississippi

River delta: historical change and future prediction.” Journal of Coastal Research, vol.
13 (1997): 628-655.

McClellan, C.M.
2009 Behavior, Ecology, and Conservation of Sea Turtles in the North Atlantic Ocean.
Doctoral dissertation, Duke University.

McLachlan, A.
1996 “Physical factors in benthic ecology: effects of changing sand particle size on beach
fauna.” Marine Ecology Progress Series, vol. 131 (1996): 205-217.

McNinch, J.E., K.L. Brodie, H.M. Wadman, K.K. Hathaway, R.K. Slocum, R.P. Mulligan, J.L. Hanson,
and W.A. Birkemeier
2012 “Observations of Wave Runup, Shoreline Hotspot Erosion, and Sound-side Seiching
During Hurricane Irene at the Field Research Facility.” Shore & Beach, vol. 80 (2012):
19-37.

Michener, W.K., E.R. Blood, K.L. Bildstein, M.M. Brinson, and L.R. Gardner
1997 “Climate Change, Hurricanes and Tropical Storms, and Rising Sea Level in Coastal
Wetlands.” Ecological Applications, vol. 7: 770-801.

REF-17 References



Mid-Atlantic Fishery Management Council (MAFMC)

1987 “Fishery Management Plan for the Summer Flounder Fishery.” Accessed: August 9,
2019.
https://staticl.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/53e2905ce4b05bc6d
a0e2623/1407357020535/SFSCBSB__FMP .pdf.

1996 “Amendment 8 to the Fishery Management Plan for the Summer Flounder Fishery:
Fishery Management Plan and Final Environmental Impact Statement for the Scup
Fishery.” Accessed August 9, 2019.
https://staticl.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/53e3a0ede4b018c6h
df86ef6/1407426797884/SFSCBSB_Amend_8. pdf.

2014 “Amendment 3 to the Spiny Dogfish Fishery Management Plan.” Accessed August 9,
20109.

https://staticl.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/54e79dace4b021b68
2bc8984/1424465324916/Spiny+Dogfish+Amd+3.pdf.

Mid-Atlantic Fishery Management Council (MAFMC) and Atlantic States Marine Fisheries Commission
(ASMFC)
1999 “Amendment 1 to the Bluefish Fishery Management Plan (FMP).” Accessed August 9,
2019. http://www.asmfc.org/uploads/file/bluefishAmendment1Voll.pdf

Mid-Atlantic Fishery Management Council (MAFMC) and National Oceanographic and Atmospheric
Administration Fisheries (NOAA Fisheries)

2011 Amendment 11 to the Atlantic Mackerel, Squid, and Butterfish (MSB) Fishery
Management Plan (FMP). Accessed August 9, 20109.
https://staticl.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/518968c5e4b0884a6
5fe5067/1367959749407/Amendment+11+FEIS++FINAL 2011 05 12. pdf.

Milton, S.L., S. Leone-Kabler, A.A. Schulman, and P.L. Lutz
1994 “Effects of Hurricane Andrew on the Sea Turtle Nesting Beaches of South Florida.”
Bulletin of Marine Science, vol. 54: 974-981.

Miller, J.D., C.J. Limpus, and M.H. Godfrey
2003 “Nest Site Selection, Oviposition, Eggs, Development, Hatching, and Emergence of
Loggerhead Turtles.” In Loggerhead Sea Turtles, ed. A.B. Bolten and B.E. Witherington,
125-143. Washington, D.C.: Smithsonian Books.

Miller, D.C., C.L. Muir, and O.A. Hauser
2002 “Detrimental Effects of Sedimentation on Marine Benthos: What Can Be Learned from
Natural Processes and Rates?” Ecological Engineering, vol. 19: 211-232.

Milton, S.L., S. Leone-Kabler, A.A. Schulman, and P.L. Lutz
1994 “Effects of Hurricane Andrew on the Sea Turtle Nesting Beaches of South Florida.”
Bulletin of Marine Science, vol. 54: 974-981.

REF-18 References



Moffett, M.D., A. McLachlan, P.E.D. Winter, and A.M.C. De Ruyck
1998 “Impact of Trampling on Sandy Beach Macrofauna.” Journal of Coastal Conservation,
vol. 4: 87-90.

Molina, K. C., R. M. Erwin, E. Palacios, E. Mellink, and N. W. H. Seto
2010 “Status Review and Conservation Recommendations for the Gull-Billed Tern
(Gelochelidon nilotica) in North America.” U. S. Fish and Wildlife Service Biological
Technical Publication: BTP-R1013-2010

Moorhead, K.K. and M.M. Brinson
1995 “Response of Wetlands to Rising Sea Level in the Lower Coastal Plain of North
Carolina.” Ecological Applications, vol. 5: 261-271.

Moore, L.J., J.H. List, S.J. Williams, and D. Stolper
2007 Modeling Barrier Island Response to Sea-level Rise in the Outer Banks, North Carolina.
American Society of Civil Engineers.

2010 “Complexities in barrier island response to sea level rise: Insights from numerical model
experiments, North Carolina Outer Banks.” Journal of Geophysical Research, vol 115
(2010): 1-27.

Morris, J.T., P.V. Sundareshwar, C.T. Nietch, B. Kjerfve, and D.T. Cahoon
2002 “Responses of Coastal Wetlands to Rising Sea Level.” Ecology, vol. 83: 2869-2877.

Mortimer, J. A. and M. Donnelly
2008 “Eretmochelys imbricata.” The IUCN Red List of Threatened Species 2008:
e.T8005A12881238. Accessed November 27, 2019.
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T8005A12881238.en.

Morton, R.A.
2002 “Factors Controlling Storm Impacts on Coastal Barriers and Beaches - A Preliminary
Basis for Near Real-Time Forecasting.” Journal of Coastal Research, vol 18 (2002): 486-
501.
Mosier, A.E. and B.E. Witherington
2000 “Documented Effects of Coastal Armoring Structures on Sea Turtle Nesting Behavior.”
Proceedings of the 20" Annual Symposium on Sea Turtle Biology and Conservation. pp.
304-306.

Mrosovsky, N. and C.L. Yntema
1980 “Temperature Dependence of Sexual Differentiation in Sea Turtles: Implications for
Conservation Practices.” Biological Conservation, vol. 18: 271-280.

Munk, P., M. M. Hansen, G. E. Maes, T. G. Nielsen, M. Castonguay, L. Riemann, H. Sparholt, T. D. Als,
K. Aarestrup, N. G. Andersen, and M. Bachler
2010 “Oceanic fronts in the Sargasso Sea Control the Early Life and Drift of Atlantic Eels.”
Proceedings of the Royal Society, vol. 277 (2010): 3593-3599.

REF-19 References


http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T8005A12881238.en

National Audubon Society

2019

“Least Tern, Sternula antillarum.” Accessed September 30, 2019.
https://www.audubon.orgffield-guide/bird/least-tern.

National Marine Fisheries Service (NMFS)

1984a

1984b

1995

2003

2010

2012

2013

2018

2019a

2019b

2019c

2020a

A Temporal and Spatial Study of Invertebrate Communities Associated with Hard
Bottom- Habitats in the South Atlantic Bight. National Oceanic and Atmospheric
Administration (NOAA) Technical Report National Marine Fisheries Service (NMFS).

NOAA Technical Report NMFS-14: Synopsis of Biological Data on Shortnose Sturgeon,
Acipenser brevirostrum LeSueur 1818.

South Atlantic Regional Biological Opinion (SARBO) on the Hopper Dredging of
Channels and Beach Nourishment Activities in the Southeastern United States from North
Carolina through Florida East Coast. Silver Spring, MD. National Marine Fisheries
Service.

Non-Fishing Impacts to Essential Fish Habitat and Recommended Conservation
Measures. Silver Spring, MD. National Marine Fisheries Service.

Biological Assessment of Shortnose Sturgeon Acipenser brevirostrum.

Biological Opinion for the Shoreline Restoration and Protection Project - Joint
Expeditionary Base Little Creek/Fort Story. Gloucester, MA: National Marine Fisheries
Service.

Biological Report on the Designation of Marine Critical Habitat for the Loggerhead Sea
Turtle, Caretta caretta. St. Petersburg, FL: National Marine Fisheries Service.

Appendix B — Biological Opinion for the Bogue Banks Master Beach Nourishment Plan.
National Marine Fisheries Service, Southeast Regional Office, Protected Resources
Division, St. Petersburg, Florida.

Fin Whale (Balaenoptera physalis) 5-Year Review: Summary and Evaluation. Silver
Spring, MD: Office of Protect Resources.

“North Carolina, Threatened and Endangered Species and Critical Habitats Under NOAA
Fisheries Jurisdiction.” Accessed: August 21, 2019.
https://www.fisheries.noaa.gov/southeast/consultations/north-carolina.

“NOAA Fisheries West Coast Region: Marine Mammal Acoustic Thresholds.” Accessed:
August 21, 2019.
https://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold
guidance.html.

“EFH Mapper.” Accessed: January 20, 2020.
https://www. habitat.noaa.gov/application/efhmapper/index.htmi

REF-20 References


https://www.audubon.org/field-guide/bird/least-tern
https://www.fisheries.noaa.gov/southeast/consultations/north-carolina
https://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html
https://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html
https://www.habitat.noaa.gov/application/efhmapper/index.html

2020b South Atlantic Regional Biological Opinion for Dredging and Material Placement
Activities in the Southeast United States (2020 SARBO). Consultation Number SERO-

2019-03111.
National Marine Fisheries Service (NMFS) and US Fish and Wildlife Service (FWS)
1991 Recovery Plan for US Population of Atlantic Green Turtle. National Marine Fisheries
Service, Washington, D.C., and US Fish and Wildlife Service, Southeast Region, Atlanta,
Georgia.
1992 Recovery Plan for Leatherback Turtles in the US Caribbean, Atlantic and Gulf of

Mexico. National Marine Fisheries Service, Washington, D.C.

1993 Recovery Plan for Hawksbill Turtle (Eretmochelys imbricata) in the US Caribbean,
Atlantic, and Gulf of Mexico. National Marine Fisheries Service, St. Petersburg, FL.

1996 “Policy Regarding the Recognition of Distinct Vertebrate Population Segments under the
Endangered Species Act.” Federal Register 61(26):4722-4725, February 7, 1996.

2007a Loggerhead Sea Turtle (Caretta caretta) 5-Year Review: Summary and Evaluation.
National Marine Fisheries Service, Silver Spring, Maryland, and US Fish and Wildlife
Service, Jacksonville, Florida.

2007b Green Sea Turtle (Chelonia mydas) 5-Year Review: Summary and Evaluation. National
Marine Fisheries Service, Silver Spring, Maryland, and US Fish and Wildlife Service,
Southeast Region, Jacksonville Ecological Services Field Office, Jacksonville, Florida.

2008 Recovery Plan for the Northwest Atlantic Population of the Loggerhead Sea Turtle
(Caretta caretta), Second Revision. National Marine Fisheries Service, Silver Spring,
Maryland, and US Fish and Wildlife Service, Southeast Region, Jacksonville Ecological
Services Field Office, Jacksonville, FL.

2015 Kemp’s Ridley Sea Turtle (Lepidochelys kempii) 5-Year Review: Summary and
Evaluation. National Marine Fisheries Service, Silver Spring, Maryland, and US Fish and
Wildlife Service, Southwest Region, Albuquerque, New Mexico.

National Marine Fisheries Service (NMFS), US Fish and Wildlife Service (FWS), and the Secretary of
Environment and Natural Resources, Mexico (SEMARNAT)
2011 Bi-national Recovery Plan for the Kemp’s Ridley Sea Turtle (Lepidochelys kempii).
Second Revision. National Marine Fisheries Service, Silver Spring, Maryland, and US
Fish and Wildlife Service, Southwest Region, Albuquerque, New Mexico.

National Oceanic and Atmospheric Administration (NOAA)
2007 Magnuson-Stevens Fishery Conservation and Management Act As Amended Through
January 12, 2007. Sec. 305. National Marine Fisheries Service.

2014 “Endangered and Threatened Species: Critical Habitat for the Northwest Atlantic Ocean
Loggerhead Sea Turtle Distinct Population Segment (DPS) and Determination Regarding
Critical Habitat for the North Pacific Ocean Loggerhead DPS.” Federal Register 79:
39289-39952. National Oceanic and Atmospheric Administration.

REF-21 References



2018

2019a

2019b

2019c

2019d

2019e

2019f

2020a

2020b

“Coastal Zone Management Act: Federal Consistency Requirements.” Accessed
September 17, 2019. https://coast.noaa.gov/data/czm/consistency/media/federal-
consistency-quick-reference. pdf.

“Tides and Currents. Oregon Inlet Marina Station, Oregon Inlet NC Station 8652587.”
Accessed August 5, 2019.
https://tidesandcurrents.noaa.gov/stationhome.html?id=8652587

2018 State of US High Tide Flooding with a 2019 Outlook. NOAA Technical Report
NOS CO-OPS 090. Washington, DC: US Department of Commerce.

“About the National Coastal Zone Management Program.” Accessed September 16,
2019. https://coast.noaa.gov/czm/about/.

“Applying Federal Consistency.” Accessed September 17, 2019.
https://coast.noaa.gov/czm/consistency/applying/.

“Marine Mammal Protection Act.” Accessed September 18, 2019.
https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-
protection-act.

“Consultations.” Accessed September 18, 20109.
https://www.fisheries.noaa.gov/topic/consultations#endangered-species-act-consultations.

“Tides and Currents. Oregon Inlet Marina Station, Oregon Inlet NC Station 8652587.”
Accessed February 2020.
https://tidesandcurrents.noaa.gov/stationhome.html?id=8652587

“Relative Sea Level Trend. 8652587 Oregon Inlet Marina, North Carolina.” Accessed
June 10, 2020.
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtmI?id=8652587

National Oceanographic and Atmospheric Administration Fisheries (NOAA Fisheries)

2017

2018

2019

2020

Final Amendment 10 to the 2006 Consolidated Atlantic Highly Migratory Species
Fishery Management Plan: Essential Fish Habitat and Environmental Assessment.
Office of Sustainable Fisheries — Atlantic Highly Migratory Species Management
Division.

“Habitat Areas of Particular Concern within Essential Fish Habitat.” Accessed August 9,
2019. https://www.fisheries.noaa.gov/news/habitat-areas-particular-concern-within-
essential-fish-habitat.

“Green Turtle.” Accessed November 27, 2019.
https://www.fisheries.noaa.gov/species/green-turtle

“Section 7: Consultation Technical Guidance in the Greater Atlantic Region.” Accessed
June 21, 2020. https://www.fisheries.noaa.gov/species/green-turtle

REF-22 References


https://coast.noaa.gov/data/czm/consistency/media/federal-consistency-quick-reference.pdf
https://coast.noaa.gov/data/czm/consistency/media/federal-consistency-quick-reference.pdf
https://coast.noaa.gov/czm/about/
https://coast.noaa.gov/czm/consistency/applying/
https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-protection-act
https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-protection-act
https://tidesandcurrents.noaa.gov/stationhome.html?id=8652587
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8652587

National Park Service (NPS)

1972

1977

1980

2003

2006

2007

2010a

2010b

2012

2013

2014

2015a

2015b

2015¢c

2016a

Man’s Impact on the Outer Banks of North Carolina: Dune Stabilization Study, Report
No. 3. Washington, DC: Office of Natural Science.

Environmental Assessment: Buxton to Avon Waterline: Cape Hatteras National
Seashore, Dare County, North Carolina.

Cape Hatteras Lighthouse, Buxton, North Carolina.

Finding of No Significant Impact: Emergency Dredging to Fill Breach on NC Highway
12 Caused by Hurricane Isabel.

Management Policies 2006. The Guide to Managing the National Park System.
Washington, D.C.: US Government Printing Office.

“The Creation and Establishment of Cape Hatteras National Seashore.” Southeast
Regional Office, Cultural Resource Division. Washington, DC: National Park Service.

Final Cape Hatteras National Seashore Off-Road Vehicle Management
Plan/Environmental Impact Statement. Cape Hatteras National Seashore, Manteo, NC.

Record of Decision for the Cape Hatteras National Seashore Off-Road Vehicle
Management Plan/Final Environmental Impact Statement. Cape Hatteras National
Seashore, Manteo, NC.

National Park Service Beach Nourishment Guidance. Natural Resources Technical
Report. Fort Collins, CO: National Park Service.

Inventory of coastal engineering projects in Cape Hatteras National Seashore. Natural
Resource Technical Report. Fort Collins, CO: National Park Service.

Vegetation Mapping at Cape Hatteras National Seashore. Natural Resources Data Series
NPS/SECN/NRR—2014/710. Fort Collins, Colorado: National Park Service.

Review and Adjustment of Wildlife Protection Buffers Environmental Assessment. Cape
Hatteras National Seashore, Manteo, North Carolina.

Finding of No Significant Impact for the Review and Adjustment of Wildlife Protection
Buffers at Cape Hatteras National Seashore. Cape Hatteras National Seashore, Manteo,
North Carolina.

Cape Hatteras National Seashore: Geologic Resources Inventory Report. Natural
Resource Report NPS/NRSS/GRD/NRR - 2015/964. Fort Collins, CO: National Park
Service.

State of the Park Report for Cape Hatteras National Seashore. State of the Park Series
No. 33. National Park Service, Washington, DC.

REF-23 References



2016b Cape Hatteras National Seashore Consideration of Modifications to the Final Rule for
ORV Management Environmental Assessment. Cape Hatteras National Seashore, Manteo,
NC.

2016¢ Coastal Adaptation Strategies Handbook. Washington, DC: National Park Service.

2017a “2014 Piping Plover Annual Report Cape Hatteras.” Accessed September 27, 2019.
https://www.nps.gov/articles/caha_pipl2014.htm. Updated December 19, 2017.

2017b 2015 Piping Plover Annual Report Cape Hatteras.” Accessed September 27, 2019.
https://www.nps.gov/articles/caha_pipl2015.htm. Updated December 11, 2017.

2017c “Cape Hatteras National Seashore Natural Resources 2016 Annual Report.” Accessed
September 27, 2019. https://www.nps.gov/articles/upload/2016-Annual-Reports-FINAL-
03-09-2017-508.pdf

2017d 2014 Colonial Waterbirds Annual Report Cape Hatteras.” Accessed September 27,
2019. https://www.nps.gov/articles/caha_cwb2014.htm. Updated December 20, 2017.

2017e “2015 Colonial Waterbirds Annual Report Cape Hatteras.” Accessed September 27,
2019. https://www.nps.gov/articles/caha_cwb2015.htm. Updated December 11, 2017.

2017f “Sea Turtles.” Accessed January 4, 2020.
https://www.nps.gov/caha/learn/nature/seaturtles.htm

20179 “2015 American Oystercatcher Annual Report Cape Hatteras.” Accessed September 27,
2019. https://www.nps.gov/articles/caha_amoy2015.htm. Updated December 11, 2017.

2017h 2014 Wilson’s Plover Annual Report Cape Hatteras.” Accessed September 27, 2019.
https://www.nps.gov/articles/caha_wipl2014.htm

2017i #2015 Wilson’s Plover Annual Report Cape Hatteras.” Accessed September 27, 2019.
https://www.nps.gov/articles/caha_wipl2015.htm

2017j “2014 Sea Turtle Annual Report Cape Hatteras.” Accessed September 27, 2019.
https://www.nps.gov/articles/caha_st2014.htm. Updated December 19, 2017.

2017k “2015 Sea Turtle Annual Report Cape Hatteras.” Accessed September 27, 2019.
https://www.nps.gov/articles/caha_st2015.htm. Updated December 11, 2017.

20171 2015 Seabeach Amaranth Annual Report Cape Hatteras.

2018a Cape Hatteras National Seashore Pre-NEPA for Beach Nourishment Literature Review.
December 2018.

2018b “Off-Road Vehicle Access.” Accessed August 22, 2019.

https://www.nps.gov/caha/planyourvisit/images/2018-CAHA-ORV-BeachAccessMap-
Final-600dpi-20180402_2.jpg?maxwidth=1200&maxheight=1200&autorotate=false

REF-24 References


https://www.nps.gov/articles/caha_pipl2015.htm
https://www.nps.gov/articles/caha_cwb2014.htm
https://www.nps.gov/articles/caha_cwb2015.htm
https://www.nps.gov/caha/learn/nature/seaturtles.htm
https://www.nps.gov/articles/caha_amoy2015.htm
https://www.nps.gov/articles/caha_st2014.htm
https://www.nps.gov/articles/caha_st2015.htm

2018c

2018d

2018e

2018f

2018¢g

2018h

2018i

2019a

2019b

2019c

2019d

2019e

2019f

2020a

Shorebird Monitoring and Management at Cape Hatteras National Seashore: 2017
Annual Report. Fort Collins, CO: National Park Service.

Sea Turtle Monitoring and Management at Cape Hatteras National Seashore: 2017
Annual Report — Natural Resource Report. Fort Collins, CO: National Park Service.

2017 Summary Report: Red Knot (Calidris canatus rufa) Monitoring at Cape Lookout
National Seashore. Harkers Island, NC: National Park Service.

Vegetation Mapping at Cape Hatteras National Seashore. Natural Resources Data Series
NPS/SECN/NRR—2018/1630. National Park Service, Fort Collins, Colorado.

“2014 American Oystercatcher Annual Report Cape Hatteras.” Accessed September 27,
2019. https://www.nps.gov/articles/caha_amoy2014.htm. Updated January 6, 2018.

Coastal Species of Concern Predation Management Plan and Programmatic
Environmental Assessment. National Park Service, Southeast Regional Office.

Cape Hatteras National Seashore Marine Mammal Strandings and Seal Sightings: 2017
Summary. Fort Collins, CO: National Park Service.

“Cape Hatteras National Seashore Annual Park Recreation Visitation (1904-Last
Calendar Year).” Accessed August 18, 2019.
https://irma.nps.gov/Stats/SSRSReports/Park%20Specific%20Reports/Annual%20Park%
20Recreation%20Visitation%20(1904%20-
%20Last%20Calendar%20Year)?Park=CAHA

Finding of No Significant Impact, Coastal Species of Concern Predation Management
Plan and Programmatic Environmental Assessment. Southeast Regional Office.

Shorebird Monitoring and Management at Cape Hatteras National Seashore: 2018
Annual Report. Fort Collins, CO: National Park Service.

Cape Hatteras National Seashore Sea Turtle Monitoring and Management Program:
2018 Annual Report. Fort Collins, CO: National Park Service.

Email message from Meaghan Johnson, Deputy Chief of Resource Management and
Science, to Kelly Daigle, NPS Environmental Protection Specialist, October 30, 2019,
regarding nesting seasons for threatened and endangered species at Cape Hatteras
National Seashore.

2018 National Park Visitor Spending Effects, Economic Contributions to Local
Communities, States, and the Nation Natural Resource Report. Fort Collins, CO:
National Park Service.

2019 National Park Visitor Spending Effects: Economic Contributions to Local
Communities, States, and the Nation Natural Resource Report. Fort Collins, CO:
National Park Service.

REF-25 References


https://www.nps.gov/articles/caha_amoy2014.htm

2020b Email message from Sabrina Henry, Environmental Protection Specialist, to Kelly
Daigle, NPS Environmental Protection Specialist, May 29, 2020, regarding NCDOT ferry
emergency operations during island breaches.

2020c Finding of No Significant Impact: Dredging of Oregon Inlet with Dare County Dredge.
Cape Hatteras National Seashore, North Carolina.

National Research Council (NRC)
1988 Saving Cape Hatteras Lighthouse from the Sea: Options and Policy Implications.
Committee on Options for Preserving Cape Hatteras Lighthouse. Washington, DC:
National Academy Press.

1995 Beach Nourishment and Protection. Committee on Beach Nourishment and Protection,
Marine Board, Commission on Engineering and Technical Systems, NRC. Washington,
D.C.: National Academy Press, National Academy of Sciences.

National Wildlife Federation
n.d. “Showcase Species: Southeast; Piping Plover in the Southeast.” Fair Funding for Wildlife
Report.

Nelson, D.A. and B. Blihovde
1998 “Nesting Sea Turtle Response to Beach Scarps.” In Proceedings of the Sixteenth Annual
Symposium on Sea Turtle Biology and Conservation, March 1998, pp. 113.

Nelson, D.A. and D.D. Dickerson
1987 “Correlation of Loggerhead Turtle Nest Digging Times with Beach Sand Consistency.”
In abstract of the 7th Annual Workshop on Sea Turtle Conservation and Biology, cited in
FWS, North Carolina Beach Sand Placement, Statewide Programmatic Biological
Opinion (Raleigh, NC: FWS, 2017).

Nelson, K.A., R. Trindell, B. Morford, B. Witherington, D. Arnold, and K. Moody
2000 “An Analysis of Reported Disorientation Events in the State of Florida.” In Twentieth
Annual Symposium on Sea Turtle Biology and Conservation, pp. 295-298.

New England Fishery Management Council (NEFMC)
2016 “Omnibus Essential Fish Habitat Amendment 2. Volume 2. EFH and HAPC Designation
Alternatives and Environmental Impacts.” Accessed August 9, 2019. https://www.
habitat. noaa. gov/application/efhmapper/oa2_efh_hapc. pdf#page=86.

Nordstrom, K., R. Lampe, and L. Vandemark
2000 “Reestablishing Naturally Functioning Dunes on Developed Coasts.” Environmental
Management, 25 (2000): 37-51.

North Carolina Coastal Resources Law, Planning and Policy Center and NCDCM
2009 Developing a Management Strategy for North Carolina’s Coastal Ocean. Prepared for
the North Carolina Coastal Resource Commission.

North Carolina Department of Coastal Management (NCDCM)
2014 CAMA Handbook for Coastal Development. Morehead City, NC.

REF-26 References



2020

“Oceanfront Shorelines and Setback Mapper.” Accessed February 2020.
https://ncdenr.maps.arcgis.com/apps/webappviewer/index.htm|?id=f5e463a929ed430095
e0al7ff803e156.

North Carolina Department of Environment and Natural Resources (NCDENR)

2012

2020

North Carolina 2011 Long-term Average Annual Oceanfront Erosion Rate Update Study
Methods Report. Raleigh, NC: NC Division of Coastal Management.

“Swim Advisories.” Accessed January 21, 2020. http://portal.ncdenr.org/web/mf/rwg-
swim-advisories-current

North Carolina Department of Environmental Quality (NCDEQ)

2016

2018

2019a

2019b

North Carolina Coastal Habitat Protection Plan. Morehead City, NC: Division of
Marine Fisheries.

“2018 North Carolina Division of Marine Fisheries Stock Status Overview-State
Managed Species.” July 2018. Morehead City, NC: Division of Marine Fisheries.

“North Carolina Coastal Habitats: Hard Bottom.” Accessed November 26, 2019.
http://portal.ncdenr.orghveb/mf/habitat/hard-bottom

“Frequently Asked Questions.” Accessed September 17, 2019.
https://deq.nc.gov/about/divisions/water-resources/water-quality-permitting/401-buffer-
permitting-branch/frequently.

North Carolina Department of Transportation (NCDOT)

1999

2008

2018

2019a

2019b

2019c

2019d

Memorandum from J.A. Corbett, JR., Division Right of Way Agent, to D.R. Conner,
P.E., Division Engineer — Division One, June 11, 1999, regarding NC 12 From Oregon
Inlet to Ocracoke, Cedar Island Ferry Terminal — Dare and Hyde Counties.

Final Environmental Impact Statement and Section 4(f) evaluation: NC 12 replacement
of Herbert C Bonner Bridge - Volume 1. Raleigh, NC: NCDOT.

“Project Highlights.” Accessed August 29, 2019. https://www.ncdot.gov/projects/nc-12-
rodanthe/Pages/project-highlights.aspx.

“Ferry Service to Ocracoke Limited to Emergency Responders.” Accessed September 9,
2019. https://www.ncdot.gov/news/press-releases/Pages/2019/2019-09-07-ferry-
ocracoke.aspx/.

“Schedule Expands for Hatteras-Ocracoke Silver Lake Emergency Ferry Route.”
Accessed September 10, 2019. https://www.ncdot.gov/news/press-
releases/Pages/2019/2019-09-08-emergency-ferry-service.aspx.

“N.C. 12 Rodanthe Bridge.” Accessed August 29, 20109.
https://www.ncdot.gov/projects/nc-12-rodanthe/Pages/default.aspx.

North Carolina 2020-2029 State Transportation Improvement Program. September 2019.

REF-27 References


https://deq.nc.gov/about/divisions/water-resources/water-quality-permitting/401-buffer-permitting-branch/frequently
https://deq.nc.gov/about/divisions/water-resources/water-quality-permitting/401-buffer-permitting-branch/frequently
https://www.ncdot.gov/projects/nc-12-rodanthe/Pages/project-highlights.aspx
https://www.ncdot.gov/projects/nc-12-rodanthe/Pages/project-highlights.aspx
https://www.ncdot.gov/projects/nc-12-rodanthe/Pages/default.aspx

2020 Email message from Paul Williams, Division Environmental Officer, to Sabrina Henry,
NPS Environmental Protection Specialist, August 5, 2020, regarding road closures along
NC 12.

North Carolina Office of Administrative Hearings (OAH)
1998 “15A NCAC 07H.0206 Estuarine Waters.” North Carolina Administrative Code.
Amended effective August 1998.

2006 “15A NCAC 07H.0207 Public Trust Areas.” North Carolina Administrative Code.
Amended effective February 2006.

2012 “15A NCAC 07H.0208 Use Standards.” North Carolina Administrative Code. Amended
effective August 2012.

2014 “15A NCAC 07H.0312 Technical Standards for Beach Fill Projects.” North Carolina

Administrative Code. Amended effective August 2014.

2016 “15A NCAC 07H.0205 Coastal Wetlands.” North Carolina Administrative Code.
Amended effective September 2016.

North Carolina State University
2016 Dare County 2020 Economic Development & Diversification Strategic Plan. Prepared for
Dare County Board of Commissioners.

North Carolina Wildlife Resources Commission (NCWRC)
2006 Handbook for Sea Turtle Volunteers in North Carolina. North Carolina Wildlife
Resources Commission, Coast Faunal Diversity Program. Raleigh, NC.

Operations and Dredging Endangered Species System (ODESS)
2020 “ODESS. Regional Biological Opinion. South Atlantic Region.” Accessed January 8,
2020. https://dgm.usace.army.mil/odess/#/regionalBiologicalOp

Osmond, D.L., D.E. Line, J.A. Gale, R.W. Gannon, C.B. Knott, K.A. Bartenhagen, M.H. Turner, S.W.
Coffey, J. Spooner, J. Wells, J.C. Walker, L.L. Hargrove, M.A. Foster, P.D. Robillard, and D.W. Lehning
1995 “Turbidity.” WATERSHEDSS: Water, Soil and Hydro-Environmental Decision Support.
Accessed June 14, 2020. http://www.water.ncsu.eduiwatershedss/info/turbid. html

The Outer Banks Voice
2019 “Update: Rebuilding Nags Head’s Beach May Run into September.” Accessed August
30, 2019. https://outerbanksvoice.com/2019/05/24/update-rebuilding-nags-heads-beach-
may-run-into-september/.

Paerl, H.W. and B.L. Peierls
2008 “Ecological Responses of the Neuse River-Pamlico Sound Estuarine Comtinuum to a
Period of Elevated Hurricane Activity: Impacts of Individual Storms and Longer-Term
Trends.” American Fisheries Society Symposium, vol. 64: 101-116.

REF-28 References


http://www.water.ncsu.edu/watershedss/info/turbid.html
https://outerbanksvoice.com/2019/05/24/update-rebuilding-nags-heads-beach-may-run-into-september/
https://outerbanksvoice.com/2019/05/24/update-rebuilding-nags-heads-beach-may-run-into-september/

Parsons Brinckerhoff
2008 Final Environmental Impact Statement: Citizen’s Summary and User Guide: NC 12
Bonner Bridge Replacement Project. Prepared for NCDOT. Raleigh, NC: Federal
Highway Administration and NCDOT.

Partners in Flight
2019 “Partners in Flight (PIF) databases.” Accessed November 25, 2019.
http://pif.birdconservancy.org/

Pearson, W.H., J.R. Skalski, and C.1. Malme
1992 “Effects of Sounds from a Geophysical Survey Device on Behavior of Captive Rockfish
(Sebastes spp.).” Canadian Journal of Fish Aquatic Science, vol. 49: 1343-1356.

Peterson, C.H., D.H.M. Hickerson, and G.G. Johnson
2000 “Short-Term Consequences of Nourishment and Bulldozing on the Dominant large
Invertebrates of a Sandy Beach.” Journal of Coastal Research, vol. 16: 368-378.

Peterson, C.H. and L.M. Manning
2001 “How Beach Nourishment Affects the Habitat Value of Intertidal Beach Prey for Surf
Fish and Shorebirds and Why Uncertainty Still Exists.” In Proceedings of the Coastal
Ecosystems and Federal Activities Technical Training Symposium (pp. 1-2). US Fish and
Wildlife Service, Atlanta, GA.

Peterson, C.H., M.J. Bishop, G.A. Johnson, L.M. D’ Anna, and L.M. Manning
2006 “Exploiting Beach Filling as an Unaffordable Experiment.” Journal of Experimental
Marine Biology and Ecology, vol. 338 (2006): 205-221.

Pike, D.A. and J.C. Stiner
2007 “Sea Turtle Species Vary in Their Susceptibility to Tropical Cyclones.” Oecologia, vol.
153: 471-478.

Posey, M.H. and T.D. Alphin
2002 “Resilience and Stability in an Offshore Benthic Community: Responses to Sediment
Borrow Activities.” Journal of Coastal Research, vol. 18: 685-697.

Posey, M.H., T.D. Alphin, L.B. Cahoon, D.G. Lindquist, M.A. Mallin, and M.B. Nevers
2002 “Top-down Versus Bottom-up Limitation in Benthic Infaunal Communities: Direct and
Indirect Effects.” Estuaries, vol. 25: 999-1014.

Pye, K.
1983 “Coastal dunes.” Progress in Physical Geography, vol 7 (1983): 531-557.

Rakocinski, C.F., R.W. Heard, S.E. LeCroy, J.A. McLelland, and T. Simons
1996 “Responses by Macrobenthic Assemblages to Extensive Beach Restoration at Perdido
Key, Florida, USA” Journal of Coastal Research, vol. 12: 326-353.

Ralph, P.J., M.J. Durako, S. Enriquez, C.J. Collier,and M.A. Doblin
2007 “Impact of Light Limitation on Seagrasses.” Journal of Experimental Marine Biology
and Ecology, vol. 350: 176-193.

REF-29 References



Reece, J.S., D. Passeri, L. Ehrhart, S.C. Hagen, A. Hays, C. Long, R.F. Noss, M. Bilskie, C. Sanchez,
M.V. Schwoerer, B. Von Holle, J. Weishampel, and S. Wolf
2013 “Sea Level Rise, Land Use, and Climate Change Influence the Distribution of
Loggerhead Turtle Nests at the Largest USA Rookery (Melbourne Beach, Florida).”
America’s Most Vulnerable Coastal Communities: 43-72.

Reef, Koen R.G., P.C. Roos, T.E. Andringa, A. Dastgheib, and S.J.M.H Hulscher

2020 “The Impact of Storm-Induced Breaches on Barrier Coast Systems Subject to Climate
Change — A Stochastic Modelling Study.” Journal of Marine Science and Engineering,
vol. 8.

Reilly, Jr., F.J. and V.J. Bellis
1983 The Ecological Impact of Beach Nourishment with Dredged Materials on the Intertidal
Zone at Bogue Banks, North Carolina. Coastal Engineering Research Center, US Army
Corp of Engineers, Fort Belvoir, VA.

Reise, K. and J.E.E. van Beusekom
2008 “Interactive Effects of Global and Regional Change on a Coastal Ecosystem.” Helgoland
Marine Research, vol. 62: 85-91.

Reneker, J.L. and S.J. Kamel
2016 “Climate Change Increases the Production of Female Hatchlings at a Northern Sea Turtle
Rookery. Ecology, vol. 97: 3257-3264.

Rice, T.M.
2009 “Best Management Practices for Shoreline Stabilization to Avoid and Minimize Adverse
Environmental Impacts.” Prepared for the USFWS, Panama City Ecological Services
Field Office, Florida

Riggs, S.R. and D.V. Ames
2003 Drowning the North Carolina coast: Sea-level Rise and Estuarine Dynamics. Prepared
for the North Carolina Department of Environment and Natural Resources. Raleigh, NC:
North Carolina Sea Grant.

Riggs, S.R., D.V. Ames, S.J. Culver, D.J. Mallinson
2011 Battle for North Carolina’s Coast: Evolutionary History, Present Crisis, and Vision for
the Future. Chapel Hill, NC: University of North Carolina Press.

Riggs, S.R., D.V. Ames, S.J. Culver, D.J. Mallinson, D.R. Corbett, and J.P. Walsh
2009 “Eye of a Human Hurricane: Pea Island, Oregon Inlet, and Bodie Island, northern Quter
Banks, North Carolina.” America’s Most Vulnerable Coastal Communities: 43-72.

Riggs, S.R., W.J. Cleary, and S.W. Snyder
1995 “Influence of Inherited Geologic Framework on Barrier Shoreface Morphology and
Dynamics.” Marine Geology, vol. 26 (1995): 213-234.

REF-30 References



Robinson, S., Fraser, J., Catlin, D., Altman, J., Boettcher, R., Holcomb, K., Huber, C., Hunt, K., and A.
Wilke
2019 “Irruptions: evidence for breeding season habitat limitation in Piping Plover (Charadrius
melodus).” Avian Conservation and Ecology 14(1):19.

Roche, E. A., Arnold, T. W., and F. J. Cuthbert
2010 “Apparent Nest Abandonment as Evidence of Breeding Season Mortality in Great Lakes
Piping Plovers (Charadrius Melodus).” The Auk, 127(2): 402-410.

Rodriguez, A.B., F.J. Fodrie, J.T. Ridge, N.L. Lindquist, E.J. Theuerkauf, S.E. Coleman, et al.

2014 “Qyster Reefs Can Outpace Sea-Level Rise.” Nature Climate Change, vol. 4: 493-497.
Roman-Sierra, J., M. Navarro, J.J. Mufioz-Perez, and G. Gomez-Pina
2011 “Turbidity and Other Effects Resulting from Trafalgar Sandbank Dredging and Palmar
Beach Nourishment.” Journal of Waterway, Port, Coastal, and Ocean Engineering, vol.
137: 332-343.
Rosati, J.D.
2005 “Concepts in Sediment Budgets.” Journal of Coastal Research, vol. 21 (2005): 307-322.

Rosati, J.D., R.G. Dean, and T.L. Walton
2013 “The modified Bruun rule extended for landward transport.” Journal of Marine Geology,
vol. 340 (2013): 71-81.

Rosov, B., S. Bush, T. Roberts Briggs, and N. Elko
2016 “The state of understanding the impacts of beach nourishment activities on infaunal
communities.” Shore and Beach, vol. 84 (2016): 51-55.

Rumbold, D.G., P.W. Davis, and C. Perretta
2001 “Estimating the Effects of Beach Nourishment on (Caretta caretta) Loggerhead Sea
Turtle Nesting.” Restoration Ecology, vol. 9: 304-310.

Sallenger, A.H.
2000 “Storm Impact Scale for Barrier Islands” Journal of Coastal Research, vol. 16 (2000):
890-895.
Saltonstall, K.
2002 “Cryptic Invasion by a Non-Native Genotype of the Common Reed, Phragmites

australis, into North America.” Proceedings of the National Academy of Sciences, vol.
99: 2445-2449.

Sanchez-Moyano, J.E., F.J. Estacio, E.M. Garcia-Adiego, and J.C. Garcia-Gomez
2004 “Dredging Impact on the Benthic Community of an Unaltered Inlet in Southern Spain.”
Helgoland Marine Research, vol. 58: 32-39.

Saunders, M.1., J. Leon, S.R. Phinn, D.P. Callaghan, K.R. O’Brien, C.M. Roelfsema, C.E. Lovelock,
M.B. Lyons, and P.J. Mumby
2013 “Coastal Retreat and Improved Water Quality Mitigate Losses of Seagrass from Sea
Level Rise.” Global Change Biology, vol. 19: 2569-2583.

REF-31 References



Saye, S.E., D. van der Wal, K. Pye, and S.J. Blott
2005 “Beach—dune morphological relationships and erosion/accretion: An investigation at five
sites in England and Wales using LIDAR data.” Geomorphology, vol 72 (2005): 128-155.

Schile, L.M., J.C. Callaway, J.T. Morris, D. Stralberg, V.T. Parker, and M. Kelly
2014 “Modeling Tidal Marsh Distribution with Sea-Level Rise: Evaluating the Role of
Vegetation, Sediment, and Upland Habitat in Marsh Resiliency.” PLoS One, vol. 9:
€88760. doi:10.1371/journal.pone.0083760.

Schlacher, T.A., S. Lucrezi, R. M. Connolly, C. H. Peterson, B. L. Gilby, B. Maslo, A. D. Olds, S. J.
Walker, J. X. Leon, C.M. Huijbers, M.A. Weston, A. Turra, G.A. Hyndes, R.A. Holt, and D.S. Schoeman
2016 “Human Threats to Sandy Beaches: A Meta-analysis of Ghost Crabs Illustrates Global

Anthropogenic Impacts.” Estuarine, Coastal, and Shelf Science, vol.169 (2016): 56-73.

Schneider, D. C., and Harrington, B. A.,
1981 “Timing of Shorebird Migration in Relation to Prey Depletion.” The Auk, vol. 98: 801-
811

Schofield, G., V.J. Hobson, M.K.S. Lilley, K.A. Katselidis, C.M. Bishop, P. Brown, and G.C. Hays
2010 “Inter-Annual Variability in the Home Range of Breeding Turtles: Implications for

Current and Future Conservation Management.” Biological Conservation, vol. 143
(2010): 722-730.

Schulte, A. S. and Simons, T. R.
2016 "Hurricane Disturbance Benefits Nesting American Oystercatchers (Haematopus
palliatus)," Waterbirds 39(4), 327-337

Sciaudone, E., L. Velasquez-Montoya, E.A. Smyre, and M.F. Overton
2016 “Spatial and Temporal Variability in Dune Field: Pea Island, North Carolina.” Shore and
Beach, vol. 84 (2016): 49-58.

Seaturtle.org
2020 “Sea Turtle Nest Monitoring System. North Carolina WRC Sea Turtle Project: Cape
Hatteras NS.” Accessed January 7, 2020.
http://www.seaturtle.org/nestdb/index.shtml?view_beach=2&year=2019

Seavey, J. R., Gilmer, B., and K. M. McGarigal
2010 “Effect of Sea Level Rise on Piping Plover (Charaadrius melodus) Breeding Habitat.”
Biological Conservation, doi:10.1016/j.biocon.2010.09.017

Seelig, W.N. and R.M. Sorensen
1974 “Factors controlling changes to an open coast beach.” In Proceedings 14t Conference on
Coastal Engineering, American Society of Civil Engineers, New York, NY.

Seminoff, J. A.
2004 “Chelonia mydas.” The IUCN Red List of Threatened Species 2004: e. T4615A11037468.
Accessed November 27, 2019.
http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T4615A11037468.en.

REF-32 References


http://www.seaturtle.org/nestdb/index.shtml?view_beach=2&year=2019

Seyfried, C.
2017

“Evaluating Sampling Technigues for Measuring Ghost Crab (Ocypode quadrata)
Burrow Density.” Undergraduate Honors Thesis, UNC Chapel Hill.

Shaugnessy, F.J., W. Gilkerson, J.M. Black, D.H. Ward, and M. Petrie

2012

Shepard, F.P.
1950

“Predicted Eelgrass Response to Sea Level Rise and Its Availability to Foraging Black
Brant in Pacific Coast Estuaries.” Ecological Applications, vol. 22: 1743-1761.

“Beach Cycles in Southern California. Technical Memorandum No 21.” Beach Erosion
Board, United States Army Corps of Engineers, Washington, DC.

Short, A.D. and P.A. Hesp

1982

“Wave, Beach and Dune Interactions in Southeastern Australia.” Marine Geology, vol 48
(1982): 259-284.

Smith, C.G., S.J. Culver, S.R. Riggs, D. Ames, D.R. Corbett, and D. Mallinson

2008

“Geospatial analysis of barrier island width of two segments of the Outer Banks, North
Carolina, USA: anthropogenic curtailment of natural self-sustaining processes.” Journal
of Coastal Research, vol. 24 (2008): 70-83.

Solow, A.R., K.A. Bjorndal, and A.B. Bolten

2002

“Annual Variation in Nesting Numbers of Marine Turtles: the Effect of Sea Surface
Temperature on Re-Migration Intervals.” Ecology Letters, vol. 5: 742-746.

South Atlantic Fishery Management Council (SAFMC)

1983

1993

1998

2002

2003

2009a

Fishery Management Plan, Regulatory Impact Review, and Final Environmental Impact
Statement for the Snapper -Grouper Fishery of the South Atlantic Region. Accessed
August 9, 2019. http://cdnl.safmc.net/Library/pdf/SnapGroupFMP .pdf.

FMP for the Shrimp Fishery of the South Atlantic Region. Accessed August 9, 2019.
https://safmc.net/wp-content/uploads/2016/06/Shrimp20FMP.pdf.

Habitat Plan for the South Atlantic Region: Essential Fish Habitat Requirements for
Fishery Management Plans of the South Atlantic Fishery Management Council,
Amendment 10 to the FMP for the Coastal Migratory Pelagic Resources. Accessed
August 9, 2019. https://safmc.net/habitat-protection/final-essential-habitat-plan/.

Fishery Management Plan for Pelagic Sargassum Habitat of the South Atlantic Region.
Accessed August 9, 2019. https://safmc.net/wp-content/uploads/2016/06/SargFMP-1.
pdf.

Fishery Management Plan for the Dolphin and Wahoo Fishery of the Atlantic. Accessed:
August 9, 2019. https://safmc.net/wp-content/uploads/2016/06/DolphinWahooFMP .pdf.

Fishery Ecosystem Plan of the South Atlantic Region, Volume I1: South Atlantic Habitats
and Species. April 2009. Accessed November 26, 2019.
https://safmc.net/download/VVolume-11-Habitats-and-SpeciesApril09Final.pdf#page=39

REF-33 References


http://cdn1.safmc.net/Library/pdf/SnapGroupFMP.pdf
https://safmc.net/wp-content/uploads/2016/06/Shrimp20FMP.pdf
https://safmc.net/wp-content/uploads/2016/06/SargFMP-1.pdf
https://safmc.net/wp-content/uploads/2016/06/SargFMP-1.pdf
https://safmc.net/wp-content/uploads/2016/06/DolphinWahooFMP.pdf

2009b Fishery Ecosystem Plan of the South Atlantic Region, Volume 1V: Threats to the South
Atlantic Ecosystem and Recommendations. April 2009. Accessed January 20, 2020.
https://safmc.net/wp-content/uploads/2017/07/\VolIV-Intro-and-Non-Fishing-impacts. pdf

2013 “SAFMC Policy for Protection and Enhancement of Estuarine and Marine Submerged
Aquatic Vegetation (SAV) Habitat.” September 2013. Accessed November 26, 2019.
https://safmc.net/wp-
content/uploads/2016/06/Attach4a_SAFMCSAVPolicyReDraftOct13.pdf

2016 Users Guide to Essential Fish Habitat Designations by the South Atlantic Fishery
Management Council. Accessed August 15, 2019. https://safmc.
net/download/SAFMCEFHUsersGuideFinalNov16. pdf.

2018 Fishery Ecosystem Plan I1: Live/Hardbottom Habitat. March 2018. Accessed August 9,
2019. https://safmc. net/uncategorized/fepii-live-hardbottom-habitat_march-2018/.

Speybroeck, J., D. Bonte, W. Courtens, T. Gerskiere, P. Groutaert, J. Maelfait, M. Mathys, S. Provoost,
D. Sabbe, E.W.M. Stienen, V. Van Lancker, M. Vincx, and S. Degraer
2006 “Beach Nourishment: An Ecologically Sound Coastal Defence Alternative? A Review.”
Aquatic Conservation: Marine and Freshwater Ecosystems, vol. 16: 419-435.

Stauble, D.K.
2005 A Review of the Role of Grain Size in Beach Nourishment Projects. Vicksburg, MS: US
Army Engineer Research and Development Center.

Steinitz, M.J., M. Salmon, and J. Wyneken
1998 “Beach Renourishment and Loggerhead Turtle Reproduction: A Seven Year Study at
Jupiter Island, Florida.” Journal of Coastal Research, vol. 14: 1000-1013.

Stratton, A.C.
1943 “Reclaiming the North Carolina Banks.” Shore & Beach, vol. 1 (1943): 25-27, 32.

1957 “Beach erosion control in the Cape Hatteras National Seashore recreational area.” Shore
& Beach, vol. 25 (1957): 4-8.

Swift, D.J.P.
1975 “Barrier Island Genesis: Evidence from the Central Atlantic Shelf, Eastern USA.”
Sedimentary Geology, vol. 14 (1975): 1-43.

Thieler, E.R. and R.S. Young
1991 “Quantitative Evaluation of Coastal Geomorphological Changes in South Carolina After
Hurricane Hugo.” Journal of Coastal Research, (1991): 187-200.

Tiwari, M. K.A. Bjorndal, A.B. Bolten, and B.M. Bolker
2006 “Evaluation of Density-Dependent Processes and Green Turtle Chelonia mydas hatchling
production at Tortuguero, Costa Rica.” Marine Ecology Progress Series, vol. 326: 283-
293.

REF-34 References


https://safmc.net/download/SAFMCEFHUsersGuideFinalNov16.pdf
https://safmc.net/download/SAFMCEFHUsersGuideFinalNov16.pdf
https://safmc.net/uncategorized/fepii-live-hardbottom-habitat_march-2018/

Tomillo, P.S., L. Fonseca, F.V. Paladino, J.R. Spotila, and D. Oro
2017 “Are Thermal Barriers “Higher” in Deep Sea Turtle Nests.” PLOS One, vol. 12(5):
e0177256. https://doi.org/10.1371/journal. pone.0177256

Torio, D.D. and G.L. Chmura
2013 “Impacts of Sea Level Rise on Marsh as Fish Habitat.” Estuaries and Coasts, vol. 38:
1288-1303.

Triessnig, P., A. Roetzer, and M. Stachowitsch
2012 “Beach Condition and Marine Debris: New Hurdles for Sea Turtle Hatchling Survival.”
Chelonian Conservation and Biology, vol. 11: 68-77.

Udouj, Tina
2007 Final Report: Deepwater Habitat Mapping Project Phase 111. Prepared for the South
Atlantic Fishery Management Council. St. Petersburg, FL: Fish and Wildlife Research
Institute.

US Army Corps of Engineers (USACE)
1963 Report on Operation Five High, Appendices 6-19: After Action Report on Public Law
875 Activities, Closure of Buxton Inlet, North Carolina.

1984 Shore Protection Manual 4™ Edition. Coastal Engineering Research Center. Waterways

1988a Life History and Environmental Requirements of Loggerhead Turtles: US Fish and
Wildlife Service Biological Report. US Army Corps of Engineers.

1988b “Effects of Beach Nourishment on Sea Turtles,” In Proceedings of the 1988 Beach
Preservation Technology Conference, Florida Shore & Beach Preservation Association,
Inc., edited by L.S. Tait, Tallahassee, Florida.

1996a Cape Hatteras Lighthouse, North Carolina, Fourth Groin Alternative: Design Report and
Environmental Assessment. Wilmington, NC: National Park Service and USACE.

1996b Annual data summary for 1994 CERC Field Research Facility (2 volumes). Tech Rept.
CERC-96-6, United States Army Corps of Engineers-Waterways Experiment Station,
Coastal Engineering Research Center.

1998 Estimation of uncertainty in coastal sediment budgets at inlets. Coastal Engineering
Technical Note CETN-1V-16, United States Army Corps of Engineers Waterways
Experiment Station, Coastal and Hydraulics Laboratory.

2001a The New York District’s Biological Monitoring Program for the Atlantic Coast of New
Jersey, Asbury Park to Manasquan Section Beach Erosion Control Project: Final Report.
Vicksburg, MS: US Army Engineer Research and Development Center.

2001b “Characterization of Underwater Sounds Produced by Bucket Dredging Operations.”
DOER Technical Notes Collection (ERDC TN-DOER-E14). Vicksburg, MS: US Army
Engineer Research and Development Center.

REF-35 References



2005

2010

2015

2016

2017

2018

2019

2020a

2020b

2020c

2020d

US Code
1973

Coastal Barrier Island Breaching, Part 2: Mechanical Breaching and Breach Closure.
ERDC/CHL CHETN-IV-65.

Hatteras Breach, North Carolina. ERDC Technical Note CHETN-VI-43. Vicksburg, MS:
US Army Corps of Engineers.

Dredging and Dredged Material Management. US Army Corps of Engineers,
Washington, D.C.

Fire Island Inlet to Montauk Point Draft EIS, Appendix I: Breach Response Protocols.

“Mobile District Starts First Phase of $249 million Coastal Island Restoration Project.”

Accessed: February 12, 2020. https://www.usace.army.mil/Media/News-Archive/Story-
Article-View/Article/1404634/mobile-district-starts-first-phase-of-349-million-coastal-
island-restoration-pr/

Final Environmental Impact Statement. Bogue Bank Master Beach Nourishment Plan.
Wilmington, NC: USACE, Wilmington District and Dial Cordy and Associates, Inc.

“Section 10 of the Rivers and Harbors Act.” Accessed September 17, 2019.
https://www.spl.usace.army.mil/Missions/Regulatory/Jurisdictional-
Determination/Section-10-of-the-Rivers-Harbors-Act/.

“South Atlantic Coastal Study.” Accessed June 17, 2020.
https://www.sad.usace.army.mil/SACS/

“SAND Stakeholder Workshop Wilmington District.” South Atlantic Coastal Study. June
11, 2020.

“USACE Permit Finder: Oregon Inlet/IP.” Accessed June 18, 2020.
https://permits.ops.usace.army.mil/orm-public

Email message from Emily Hughes, USACE to Sabrina Henry, NPS Environmental
Protection Specialist, July 2020, regarding channel dredging and dredge disposal projects
at Cape Hatteras National Seashore.

Endangered Species Act of 1973, as Amended through the 100" Congress. Sec.
1532(5)(A). US Department of the Interior.

US Environmental Protection Agency (EPA)

1986

2006

Quality Criteria for Water, 1986. Office of Water Regulations and Standards, US
Environmental Protection Agency, Washington, DC.

National Estuary Program Coastal Condition Report. Office of Water/Office of Research
and Development, US Environmental Protection Agency, Washington, DC. EPA-842/B-
06/001.

US Fish and Wildlife Service (FWS)

1993

Recovery Plan for the Caribbean Roseate Tern (Sterna dougallii). Atlanta, GA: FWS.

REF-36 References


https://www.usace.army.mil/Media/News-Archive/Story-Article-View/Article/1404634/mobile-district-starts-first-phase-of-349-million-coastal-island-restoration-pr/
https://www.usace.army.mil/Media/News-Archive/Story-Article-View/Article/1404634/mobile-district-starts-first-phase-of-349-million-coastal-island-restoration-pr/
https://www.usace.army.mil/Media/News-Archive/Story-Article-View/Article/1404634/mobile-district-starts-first-phase-of-349-million-coastal-island-restoration-pr/
https://www.spl.usace.army.mil/Missions/Regulatory/Jurisdictional-Determination/Section-10-of-the-Rivers-Harbors-Act/
https://www.spl.usace.army.mil/Missions/Regulatory/Jurisdictional-Determination/Section-10-of-the-Rivers-Harbors-Act/
https://www.sad.usace.army.mil/SACS/
https://permits.ops.usace.army.mil/orm-public

1996a

1996b

1998

2001

2003a

2003b

2010

2011

2013a

2013b

2014

2017

2019a

2019b

2020

Piping Plover (Charadrius melodus), Atlantic Coast Population, Revised Recovery Plan.
Hadley, MA: FWS, Northeast Region.

Recovery Plan for Seabeach Amaranth (Amaranthus pumilus). Atlanta, GA: FWS,
Southeast Region.

Roseate Tern (Sterna dougallii) Recovery Plan—Northeast Population, first update.
Hadley, MA: FWS, Northeast Region.

Endangered and Threatened Wildlife and Plants: Final Determination of Critical Habitat
for Wintering Piping Plovers. 66 FR 36037. August 9, 2001.

Recovery Plan for the Great Lakes Piping Plover (Charadrius melodus). Fort Snelling,
MN: FWS.

Guidelines for Avoiding Impacts to the West Indian Manatee: Precautionary Measures
for Construction Activities in North Carolina Waters. Raleigh, NC: FWS, Raleigh Field
Office.

Status Review and Conservation Recommendations for the Gull-billed Tern
(Gelochelidon nilotica) in North America. Biological Technical Publication.

“Roseate Tern: North American Subspecies.” Hadley, MA: FWS.

“Endangered and Threatened Wildlife and Plants: Threatened Status for the Rufa Red
Knot (Calidris canutus rufa).” Accessed January, 2020.
https://www.regulations.gov/document?D=FWS-R5-ES-2013-0097-0001

“Rufa Red Knot, Calidris canutus rufa.” Hadley, MA: Northeast Region.

“News Release: Service Protects Red Knot as Threatened Under the Endangered Species
Act.” Accessed August 15, 2019. https://www. fws. gov/mountain-
prairie/pressrel/2014/12092014 ServiceProtectsRedKnotThreatenedUnderESA. php.

North Carolina Beach Sand Placement, Statewide Programmatic Biological Opinion.
Raleigh, NC: US Department of the Interior, FWS.

Recovery Outline for the Rufa Red Knot (Calidris canutus rufa). March 2019. Hadley
MA: FWS, Northeast Region.

“Consultations — Frequently Asked Questions.” Accessed September 17, 2019.
https://www.fws.gov/endangered/iwhat-we-do/fag.html.

“Eastern black rail.” Accessed June 16, 2020.
https://www.fws.gov/southeast/wildlife/birds/eastern-black-rail/.

US Geological Survey (USGS)

1986

The Outer Banks of North Carolina: Professional Paper 1177-B. Denver, CO: US
Geological Survey in cooperation with National Park Service.

REF-37 References


https://www.regulations.gov/document?D=FWS-R5-ES-2013-0097-0001
https://www.fws.gov/mountain-prairie/pressrel/2014/12092014_ServiceProtectsRedKnotThreatenedUnderESA.php
https://www.fws.gov/mountain-prairie/pressrel/2014/12092014_ServiceProtectsRedKnotThreatenedUnderESA.php
https://www.fws.gov/endangered/what-we-do/faq.html
https://www.fws.gov/southeast/wildlife/birds/eastern-black-rail/

1992 “Barrier Island Erosion and Wetland Loss in Louisiana.” Louisiana Barrier Island
Erosion Study—Atlas of Barrier Shoreline Changes in Louisiana from 1853 to 1989. US
Geological Survey.

2004 Coastal Vulnerability Assessment of Cape Hatteras National Seashore (CAHA) to Sea-
Level Rise, Open-File Report 2004-1064. Reston, VA: USGS.

2005 National Assessment of Shoreline Change: Part 2 — Historical Shoreline Changes and
Associated Coastal Land Loss Along the US Southeast Atlantic Coast. Center for Coastal
and Watershed Studies. St. Petersburg, FL: US Geological Survey.

2007 Effects of Storms on Barrier Island Dynamics, Core Banks, Cape Lookout National
Seashore, North Carolina, 1960-2001. Science Investigations Report 2006-5309. Reston,
VA: USGS.

Valle, M., G. Chust, A. del Campo, M.S. Wisz, S.M. Olsen, J.M. Garmendia, and A. Borja
2014 “Projecting Future Distribution of the Seagrass Zostera noltii under Global Warming and
Sea Level Rise.” Biological Conservation, vol. 170: 74-85.

Van Dolah, R.F., D.R. Calder, and D.M. Knott
1984 “Effects of Dredging and Open-Water Disposal on Benthic Macroinvertebrates in a South
Carolina Estuary.” Estuaries, vol. 7: 28-37.

Van Dolah, R.F., M.W. Colgan, M.R. Devoe, P. Donovan-Ealy, P.T. Gayes, M.P. Katuna, and S. Padgett
1994 An Evaluation of Sand, Mineral and Hard-Bottom Resources on the Coastal Ocean Shelf
off South Carolina. South Carolina Task Force on Offshore Resources.

Van Dolah, R.F., B.J. Digre, P.T. Gayes, P. Donovan-Ealy, and M.W. Dowd
1998 An Evaluation of Physical Recovery Rates in Sand Borrow Sites Used for Beach
Nourishment Projects in South Carolina. Prepared for The South Carolina Task Force on
Offshore Resources and the Minerals Management Service — Office of International
Activities and Marine Minerals. Herndon, VA.

Van Dolah, R.F., P.H. Wendt, R.M. Martore, M.V. Levisen, and W.A. Roumillat
1992 A Physical and Biological Monitoring Study of the Hilton Head Beach Nourishment
Project. Final Report prepared by the South Carolina Marine Resources Research
Institute, SC Marine Resources Division for the Town of Hilton Head Island and the
South Carolina Coastal Council. 159 pp.

Van Houtan, K.S. and O.L. Bass
2007 “Stormy Oceans Are Associated with Declines in Sea Turtle Hatching.” Current Biology,
vol. 17: R590-R591.

Van Katwijk, M.M., G.H.W. Schmitz, A.P. Gasseling, and P.H. van Avesaath
1999 “Effects of Salinity and Nutrient Load and Their Interaction on Zostera marina.” Marine
Ecological Progress Series, vol. 190: 155-165.

Viola, S.M., D.M. Hubbard, J.E. Dugan, and N.K. Schooler
2014 “Burrowing inhibition by fine textured beach fill: Implications for recovery of beach
ecosystems.” Estuarine, Coastal & Shelf Science, vol. 150: 142-148.

REF-38 References



Visit North Carolina
2019 “Economic Impact Studies.” Accessed August 2019.
https://partners.visitnc.com/economic-impact-studies.

Voss, C.M., R.R. Christian, and J.T. Morris
2013 “Marsh Macrophyte Responses to Inundation Anticipate Impacts of Sea-Level Rise and
Indicate Ongoing Drowning of North Carolina Marshes.” Marine Biology, vol. 160: 181-
194.

Wabnitz, C. and W.J. Nichols
2010 “Editorial: Plastic Pollution: An Ocean Emergency.” Marine Turtle Newsletter, no. 1: 1-4.

Wallace, B.P., M. Tiwari, and M. Girondot
2013 “Dermochelys coriacea.” The IUCN Red List of Threatened Species 2019:
e.T6494A43526147. Accessed November 27, 2019.
http://dx.doi.org/10.2305/IUCN.UK.2013-2.RLTS.T6494A43526147.en.

Wamsley, T.V. and Hathaway, K.K.

2004 “Monitoring Morphology and Currents at the Hatteras Breach.” Shore and Beach, vol.
72:9-12.
Weidensaul, S.
2018 “Losing Ground: What’s Behind the Worldwide Decline of Shorebirds.” Cornell Lab of

Ornithology: Living Bird, Accessed February 13, 2020.
https://www.allaboutbirds.org/news/losing-ground-whats-behind-the-worldwide-decline-
of-shorebirds/

Weithman, C.E, D. Gibson, and K.M. Walker
2018 “Discovery of an Important Stopover Location for Migratory Piping Plovers (Charadrius
melodus) on South Point, Ocracoke Island, North Carolina, USA.” Accessed January 9,
2020. https://doi.org/10.1675/063.041.0107.

Wells, J.T. and S. Kim
1989 “Sedimentation in the Albemarle-Pamlico Lagoonal System: Synthesis and Hypotheses.”
Marine Geology, vol 88 (1989): 263-284.

Western Carolina University (WCU)
2019 “Beach Nourishment Viewer. Program for the Study of Developed Shorelines.” Accessed
August 2019. http://beachnourishment.wcu.edu.

Wibbels, T. and E. Bevan
2019 “Lepidochelys kempii.” The IUCN Red List of Threatened Species 2019:
E.T11533A142050590. Accessed November 27, 2019.
http://dx.doi.org/10.2305/IUCN.UK.2019-2.RLTS.T11533A142050590.en.

Wicks, E.C.
2005 The Effect of Sea Level Rise on Seagrasses: Is Sediment Adjacent to Retreating Marshes
Suitable for Seagrass Growth? PhD Dissertation.

REF-39 References


https://doi.org/10.1675/063.041.0107

Wilber, D.H. and D.G. Clarke
2001 “Biological Effects of Suspended Sediments: A Review of Suspended Sediment Impacts
on Fish and Shellfish with Relation to Dredging Activities in Estuaries.” North American
Journal of Fisheries Management, vol. 21: 855-875.

2007 “Defining and Assessing Benthic Recovery Following Dredging and Dredged Material
Disposal.” Proceedings XXV11 World Dredging Congress, vol. 2007: 603-618.

Wilber, D.H., D.G. Clarke, and M.H. Burlas
2006 “Suspended Sediment Concentrations Associated with a Beach Nourishment Project on
the Northern Coast of New Jersey.” Journal of Coastal Research, vol. 22: 1035-1042.

Wilber, D.H., D.G. Clarke, G.L. Ray, and M. Burlas
2003 “Response of Surf Zone Fish to Beach Nourishment Operations on the Northern Coast of
New Jersey, USA.” Marine Ecology Progress Series, vol. 250: 231-246.

Wilber, D.H., D.G. Clarke, G.L. Ray, and R. Van Dolah
2009 “Lessons Learned from Biological Monitoring of Beach Nourishment Projects.” In

Proceedings of the Western Dredging Association’s Twenty-Ninth Technical Conference,
vol. 2009: 262-274.

Witherington, B.E.
1992 “Behavioral Responses of Nesting Sea Turtles to Artificial Lighting.” Herpetologica, vol.
48: 31-39.

Witherington, B.E. and K.A. Bjorndal
1991 “Influences of Artificial Lighting on the Seaward Orientation of Hatchling Loggerhead
Turtles Caretta.” Biological Conservation, vol. 55 (1991): 139-149.

Witherington, B.E. and R.E. Martin

2000 Understanding, Assessing, and Resolving Light-Pollution Problems on Sea Turtle
Nesting Beaches, 2"d ed. rev. Florida Marine Research Institute Technical Report TR-2.
73 pp.
Wolff, W.J.
1971 “Changes in Intertidal Benthos Communities after an Increase in Salinity.” Thalassia

Jugoslavica, vol. 7: 429-434.

Wooldridge, T., H. J. Henter, and J. R. Kohn
2016 “Effects of beach replenishment on intertidal invertebrates: A 15-month, eight beach
study.” Estuarine, Coastal and Shelf Science, vol. 175 (2016): 24-33.

World Health Organization (WHO)
2020 Fact Sheet 2.33: Turbidity Measurement. In Fact sheets on environmental sanitation.
Accessed June 12, 2020.
http://www.who.int/water_sanitation_health/hygiene/emergencies/fs2_33.pdf

Wutkowski, M.
2004 “Hatteras Breach Closure.” Shore & Beach, vol. 72 (2004): 20-24.

REF-40 References


http://www.who.int/water_sanitation_health/hygiene/emergencies/fs2_33.pdf

Wyneken, J., T.J. Burke, M. Salmon, and D.K. Pedersen
1988 “Egg Failure in Natural and Relocated Sea Turtle Nests.” Journal of Herpetology, vol.
22: 88-96.

Yamanaka, T., D. Raffaelli, and P.C. White
2013 “Non-Linear Interactions Determine the Impact of Sea Level Rise on Estuarine Benthic
Biodiversity and Ecosystem Processes.” PLOS One, vol. 8(7): €68160.
doi:10.1371/journal.pone.0068160

REF-41 References



INDEX

anthropogenic or human-caused activities or issues, i,
i, vii, x, 1, 2,3, 5,34, 43, 48, 49, 54, 59, 60,
62, 66, 68, 69, 70, 71, 96, 110, 125, 126, 129,
141,144,146,C-4

areasoffrequenterosion,i,2,19,B-6

climate change, vi, vii, 41,48,50,62,68, 73,87, 88,
89,91,93,107,109,111,114,120,123,131

criticalhabitat, 7,51, 64, 68,111,119, 120, 123, 124,
125,126,131,132,B-6

dredging, i, ii, iii, iv, v, vii, 1,2,3,7,8,9,11,12,13,
14,15,16,19,22,23,24,25,26,27,28, 30,32,
33,34,37,38,42,43,45,47,48,49,51,55,62,
64,70,72,77,78,79,83,84,86,87,91,94,95,
96,98,103,104,105,106,107,109,110,113,
114,115,118,119,120,121,122,123,126,127,
138,140,147,B-3,B-4,B-5,B-6,B-7,C-4

endangered species, xv,4,7,12,14,15,18,29,51,

62,68,69,70,72,111,113,119,120,125,B-4,B-6

framework, i, ii, v, vi, viii, ix, 2, 3,4, 8,9, 13,14, 16,
19,24,28,29,30,31,32,33,35,36,77,81,83,
86,88,90,91,92,95,99,107,111,118,121,
125,127,131,132,134,135,139,142,144,148,
B-3,B-4,B-5, B- 6,B-7

habitatarea of particular concern, vii, viii, xiv, xv, 6,
42,43,44,46,47,48,50,90,91,92,93,94, 95,
96,100,101,102,103,105,106,107,108, 109,
110,111

mitigation measures, i,v, ix, 2, 15,16,29,103,113,
121,122,123,124,131,132,B-3

REF-42

oceanside, iii, iv, 7,11,14,15,21, 26, 32, 33, 34, 36,
40,41,42,44,45,50,51,57,62,74,77,81,82,
87,90,91,92,93,97,101,102

outer continentalshelf, v, xv, 4, 13,27,47,119, B-5

recreation, i, iv, 8, 25, 31, 137, 138, 140, 142, 144

relative sea-levelrise, i, vi, vii, viii, 1, 3,6, 31, 34,
36,41,54,55,66,73,80,81,82,83,85,87, 88,
89,90,91,92,93,95,96,102,106,107,108, 109,
110,111,112,113,114,124,125,126,127,131,
135,136,137,139,141,142,144,146

sound side, iii, vi, vii, viii, ix, 5, 6,7, 8,10,11,12,
14,17,21,23,24,25,26,28,30,32,33,34, 36,
41,42,44,45,48,49,50,64,77,78,81,82,85,
86, 87, 88, 89, 90, 92, 93, 94, 97, 101, 102,
110,111,125,135,B-7

specialuse permit, i, i, iii, xv, 2,3, 15, 20,21, 29,
30,77,79,132,B-3,B-5,B-7,C-4
storms, i, iii, iv, v, vii, viii, X,xiv, 1,6, 8,11,13,16,

17,18,21,22,24,26,27,28,33,34,35,37, 39,40,
41,48,49,50,51,59,60,61,64,69,71,73,76,79,
81,82,83,84,85,87,88,89,93,94,97,107,109,
110,111,112,114,118,120,123,124,125,127,
129,130,131,133,134,135,136,137,138,139,
140,141,142,143,144,145,146,B-3,C-3
turbidity, vii,xv,6,7,8,10,11,12,13,41,50,92,
94,95,97,98,100,101,102,104,105,106, 108,
109,110,113,119,123,146

Index



GLOSSARY

accretion —The natural increase of land by accumulation of sediment, usually a gradual buildup over time.
alongshore — Along the shore or coast.

alternative — An option for addressing the issues and meeting the goals articulated in the purpose and
need for action.

anthropogenic — Resulting from the influence or actions of human beings.

barrier island — A long, narrow island, parallel to the coastline that is built up by waves, currents,
and winds and that protects the shore from the effects of the ocean.

beach nourishment — A process by which sediment, usually sand, lost through longshore drift or
erosion is replaced from other sources.

benthic organisms — Organisms living on, or in, the bottom sediments.

borrow area — An area where material (e.g., sand) is removed for use at another location.

breach — Channels connecting the ocean to a bay, which typically form during powerful storms.
critical habitat — Specific areas occupied by the species at the time it is listed on the Endangered
Species list, which contain physical or biological features essential to the conservation of the species
and which may require special management considerations or protection.

critical wintering habitat — Wintering areas that are critical to the recovery of a species, the loss of
which could hinder recovery of the species.

clutch — The number of eggs in a sea turtle’s nest.

depredation — To prey upon.

distinct population segment — A portion of a species’ or subspecies’ population or range, usually
described geographically rather than biologically.

dredging — The removal of sediments and debris from the bottom of lakes, rivers, harbors, and other
water bodies.

dune — A mound or ridge of sand or other loose sediment formed by the wind along the sea coast.
ecosystem — A biological community of interacting organisms and their physical environment.
erosion — Removal of surface material from the earth’s crust, primarily sediment and rock debris, and
the transportation of the eroded materials by natural agencies from the point of removal.
escarpment — A transition zone between different areas that involves a sharp, steep elevation
differential, characterized by a cliff or steep slope.

essential fish habitat (EFH) - Includes all waters and substrates needed for the spawning, breeding,
foraging, and growth of species managed under the Magnuson-Stevens Act.

REF-43 Glossary



estuarine — Referring to the area of a water passage where the tide meets a river current; especially
an arm of the sea at the lower end of ariver.

false crawl — An aborted nesting attempt (emergence onto a beach by a sea turtle).

forage — To search widely for food.

foredune — A dune ridge that runs parallel to the shore. Foredunes consist of sand deposited by wind
on a vegetated part of the shore.

framework — A set of procedures and guidelines that supports a particular approach to meeting
established objectives or goals.

groin — A type of hardened structure installed with the intent to capture sediment locally to stabilize
shorelines. They are typically installed perpendicularly to the shoreline and can be constructed of
materials such as sheet piles or stones.

habitat area of particular concern (HAPC) — A designation that encompasses discrete subsets of
essential fish habitat, which provide extremely important ecological functions or are especially
vulnerable to degradation. The purpose of HAPCs is to focus increased scrutiny, study, or mitigation
planning compared to surrounding areas because they represent high priority areas for conservation,
management, or research and are necessary for healthy ecosystems and sustainable fisheries.

impact topic — Specific resources that would be affected by a proposed action or alternatives,
including the alternative A, under consideration for implementation.

inlet — A narrow body of water between islands or leading inland from a larger body of water, often
leading to an enclosed body of water, such as a sound, bay, lagoon or marsh. In sea coasts an inlet
usually refers to the actual connection between a bay and the ocean and is often called an “entrance”
or arecession in the shore of a sea, lake, or river.

intertidal — The area that is exposed to the air at low tide and underwater at high tide (for example,
the area between tide marks).

issue topic — Problems, concerns, conflicts, obstacles, or benefits that may occur if the proposed
action or alternatives, including the no action alternatives, are implemented.

jetty — A hardened structure, similar to groins, that are usually associated with protecting harbors or
inlets.

littoral zone — The part of a sea, lake, or river that is close to the shore. In coastal environments, the
littoral zone extends from the high water mark, which is rarely inundated, to shoreline areas that are
permanently submerged.

outer continental shelf — The nearshore (near the shore or coast) zone that extends from three miles
seaward of State coastline boundaries to 200 miles offshore.
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overwash — Areas where water has transported sediment through a break in the dunes, or crested a
berm or other structure, and does not flow directly back to the ocean.

pelagic — Fish inhabiting the upper layers of the open sea.

proposed action — The initial proposal to address a purpose and need.

relative sea-level rise — The height of the ocean rising or falling relative to the land at a particular
location.

revetment — A sloping structure placed on banks or cliffs in such a way as to absorb the energy of
incoming water.

sand placement — An element of beach nourishment, sand placement is the process of depositing
sediment dredged from offshore or other sources to the study area.

sediment — Particles that can be transported by fluid flow and which are eventually deposited as a
layer of solid particles on the bottom of a body of water.

sediment management actions/activities — The suite of activities proposed under the action
alternatives, which includes: sound side and ocean side beach nourishment, dune restoration, filling
island breaches, and habitat restoration.

sediment/sand budget — A sediment transport volume balance for a selected segment of the coast;
refers to the sediment added to and removed from the coastal system.

Special Use Permit — A permit allowing activities to take place in a park area that requires written
authorization and some degree of management control from the NPS in order to protect park
resources and the public interest.

spit — An extended stretch of beach material that projects out to sea and is joined to the mainland at
one end.

submerged aquatic vegetation — A diverse group of plants that lives entirely beneath the water
surface.

substrate — An underlying layer of sediment or rock.

subtidal beach — An area of the beach most often submerged, exposed only briefly during extreme
low tides around full and new moon events. This zone provides habitat to a diversity of plants and
animals in contrast to the other zones.

swash zone — The zone of wave action on the beach, which moves as water levels vary. The zone is
characterized by a turbulent layer of water that washes up on the beach after an incoming wave has
broken.

turbidity — The measure of relative clarity of a liquid, caused by the presence of suspended
particulates. Turbidity is a key test of water quality.

upland — An area of high land.
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wave refraction — The bending of a wave as it spreads over different depths. Asawave moving in
shallow water approaches the shore at an angle, it tends to be turned from its original direction. The
part of the wave advancing in shallower water moves more slowly than the part still advancing in

deeper water, causing the wave crest to bend toward parallel alignment with the shoreline.
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