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Science Panel

The CRC presented three tasks to the Science Panel:

1) Develop inlet shoreline change rate calculation methodology.

2) Reevaluate points along the oceanfront shoreline where inlet processes are the
dominant influence over shoreline position.

3) Present results at CRC meeting.
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Science Panel

1) Building upon prior Science Panel work and reporesfggm 5year reevaluation of Inlet
Hazard Area (IHA) methods and boundaries incorporating data collected since the 2019
study.

2) Evaluate engpoint and linear regression methods, and consider alternative methods for
calculating oceanfront shoreline change rates.

3) Present draft report(s), including proposed IHA boundaries and erosion rates, in summer
2024.

Current Science Panel Members

Dr. Reide Corbett (East Carolina University); Dr. Andrea Hawkes (University of NC at Wilmington);

Dr. Joseph Long (University of NC at Wilmington); Dr. Jesse McNinch (USACE); Dr. Laura Moore
(University of NC at Chapel Hill, Science Panel Chair); DrMBrady (Duke University); Dr.

Martin Posey (University of NC at Wilmington); Mr. Spencer Rogers (NC Sea Grant retired); and
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Executive Summary

The initial Inlet Hazard Areas in North Carolina were established in 1979, recognizing the dynamic
nature of shorelines near inlets compared to those along the oceanfront. The innovative
methodology at the time used the historical migration of iAlatingshorelines (the shorelines

f 20 0SR 0SisSSy (GKS (g2 AatlyRa 2y SAGKSNI aAl
define IHAs. Subsequent research revealed that, in addition to inlet migration, fluctuations in the

ocean shoreline position nearl@ts pose a significant threat to development. Over the past forty

years, some inlets have undergone substantial changes. Certain inlets like Mad Inlet, Old Topsail
Inlet, and New/Corncake Inlet have closed completely with little chance of reopening.sDther

such as New Topsail and Shallotte Inlets, have shifted beyond the original IHA boundaries.

In 2004, the Science Panel on Coastal Hazards initiated efforts to develop the IHA methodology,
leading to initial recommendations in 2010, followed by an update in 2019 and the current
update, which the Science Panel started working on in 2024. Eachgedpgdate incorporates

new data collected since the most recent prior study and involves review and considesftion

the prior methodology used to define IHAsith modificationsmade as deemed necessary.

Inlet shorelines and oceanfront shorelines near inlets exhibit distinct behaviors compared to
oceanfront shorelines unaffected by inlets. While inherently dynamic and characterized by local
uniqueness, inlets in North Carolina can generally be categoage€ithermigrating in the
direction of net alongshore sand transport, mon-migrating. Migrating inlets are characterized

by rapidly changing inlet shorelines, which often undergo cumulative;tilrmy change at a pace

that can be significantly faster yban order of magnitude or more) than oceanfront shorelines
distant from inlets. For instance, New Topsail Inlet has been steadily migrating southward at a
rate of approximately 90 feet per year since the 1930s. Similarly, Mason Inlet experienced a
notable southward shift of 365 feet per year before it was relocated and stabilized in 2002.

In the vicinity of both migrating and nemigrating inlets, shoreline positions exhibit pronounced
fluctuations, shifting between periods of relatively rapid erosion and accretion over timescales

of years to decades. Inlets can widen and narrow in respémsghanges in wave height and

storms, equating to fluctuations in the positions of inlet shorelines. In addition, movements in

the primary ebbtide channel across the subaqueous ebth R f RSt GF 02NJ W2 7F T
cause fluctuations on both inlet dmearinlet oceanfront shorelines. Shorelines on one side of

an inlet tend to erode while shorelines on the other side accrete, with the pattern reversing when

the ebb channel shifts from one side of the delta to the other.

Because inlets and their shorelines are highly variable through space and time as described
above, the existing vegetation line (EVL) in Haliéected areas is also highly variable through
space and time. This makes the EVL an unreliable, often misleaddigator of longterm

\Y



erosion trends and hazards in ineffected areas. Basing setbacks on the EVL inafiletted
areas, then, can lead to construction of buildings and infrastructure within the envelope of
fluctuating shoreline positions. Thug,key conclusion of this report, which is consistent with
prior recommendations of the Science Panel, is that accurately identifying hazard areas
associated with fluctuations in shoreline position near inlets requires measuring from the
landward-most posiion of all vegetations lins for the period of studyg a composite line we

call the Hybrid Vegetation Line (HVE)yather than from the EVL For this reason, the Science
Panel strongly recommends and advocates for measuring setbacks from the HVL in IHAs. The HVL
line is analogous to the Piroject Vegetation Line (formerly called Static Vegetation)Line
currently employed where beach nourishment has occurred) in that it is a fixed line and based
on an historical vegetation line.

To best capture risk associated with the rapid annual to decadal shoreline changes associated
with inlets, the Science Panel reviewed and refined the IHA Method (IHAM). This modified

F LILINR F OK SOK2Sa (KS /w/ Qa hOSIyYy 9 N®RtablisbeE S | NB
minimum and maximum setbacks and the landward extent of the OEA by measuring from either

the EVL or the preroject line. The IHAM methodology includes risk lines calculated in the same

way as the oceanfront minimum (30 times the erosion rat@) maximum (90 times the erosion

rate) setbacks, except that the risk lines are measured from the HVL instead of the EVL or Pre
Project Vegetation Line.

Because shorelines in the vicinity of inlets behave differently than shorelines farther away from
inlets, shoreline erosion rates are measured, and applied, differently near inlets:

0 The ime period for analysis selected for each inlet individually, based on the available
imageryand timing of changes to the inlet system that affect inlet dynamieduding
relevant management actions.

O«

The alongshore boundary of the IHA is identified by an increase in shoreline change
variability compared to adjacent oceanfront shoreline that is less influenced by inlets.

¢CKS YFLA Ay (GKA& NBLE2NI LINBaSyid GKS tlySfQa
developed inlets. Because inlet fluctuations make the EVL a poor indicator of future conditions,
the proposed boundaries are delineated relative to the HVL.

The Science Panel on Coastal Hazards recommends the CRC consider updating subsequent IHA
boundaries every five years, to coincide with updates to oceanfront shoreline erosion rates and
OEA boundaries. This 2025 report is submitted as an update of thea2@1P019 Science Panel
recommendations and reports.

Vi



1.0 Introduction

Tidal inlets are important and ewehanging components of barrier island coasts. They serve
various functions, including connecting the ocean to inland bodies of water, fostering habitat,
aiding navigation, enhancing water quality, and supporting recoeali activities. Inlets are
extremely dynamic,and their characteristics fluctuate over time. They may open and close,
become narrower or wider, and/or shift position over time. Inlet width, particular, can
fluctuate rapidly at daily to annual time scales. This causes inlet shorelines to change position at
much faster rates than oceanfront shorelines distant from inlets. For example, in22DT3ibbs

Inlet between Sunset Beach and Oceafe IBeach widened by a factor of three from
approximately560 feet to more than 1700 feet. The inlet has since been narrowing, moving
toward its previous width. These changes in inlets occur in response to sand supply, storms, sea
level, geological controtjdal currents, tidal channels, and shifting tidal deltas. While all inlets
possess unique characteristics that change over time, they can generally be classified based on
their dynamicssome tend to migrate in one general direction along the coastline, while others
do not exhibit a cumulative alongshore migration.

Migrating inlets Some inlets move alongshore in response to the prevailing alongshore
current and sand transport, persistently accreting on one side and forcing the opposite
inlet shoreline to erode. Inlet migration rates vary with wave conditions. Despite a
prevailingdirection of migration, in some cases, inlet migration may temporarily reverse
direction. Inlet shorelines at migrating inlets exhibit very rapid ergn change. For
example, New Topsail Inlet has been migrating soutapgtroximately90 feet per year
since the 1930s. Mason Inlet was migrating at 365 feet per year before it was relocated
and stabilized in 2002. The presence and rate of inlet migration is affected by natural
processes, inlet closures, dredging, beach nourishments, and engineered struchtres
the time of this report only Old Topsail and Drum Inlets are considered actively migrating.

Nonmigrating inlets Most of the NC inlets are not actively migrating but have fluctuated
around the same general location for decades to centuries. These inlets remain in the
same general location because: 1) the net alongshore sediment transport rate is small
relative to the rate that tidal currents transport sand; 2) a feature in the underlying
geology, such as relict river channel, limits migration; and/or 3) maintenance dredging
and engineering structures prevent inlet migration.

In addition to the rapid changes in shoreline position around inlets, the oceanfront shorelines
near inlets are subject to much higher shtetm (annual to decadal) muljiear patterns of



shoreline erosion and accretion than oceanfront shorelines more distant from inlets. These
oceanfront shorelines are inl@tfluenced,and fluctuations are most often caused by shifts in the
alignment of the main tidal channel through the eb8al delta or offshore bar. As the main tidal
channel of an inlet naturally shifts from one side of the inlet to the other, oceanfront shorelines
near the inlet erode on one side while shorelines on the opposite side build seaward. When the
channel shifts in the opgsite direction as the result of a storm or gradually over a period of years
to decades, the eroding shoreline recovers and the accumulation on the other side is lost. An
AytSiQa 2FFakKz2NB a-ket ladcrationGeatyireslalorig 2he aeadbd Sor y S | NJ
migrating inlets, the oceanfront shoreline zones experiencing-mietted fluctuations migrate
alongshore with the inlet, though the fluctuations can be less pronounced than fermgrating

inlets.

Although these fluctuations generally do not contribute to the ldagn (many decades) erosion

rate, they can pose considerable threat to coastal development because shorelines that appear
stable or accretional when development occurs can shift to aniena$ phase in subsequent
years or decades.

This report describes methods to identify areas where inlet processes are the dominant influence
on shoreline change rates due to factors like inlet migration, fluctuations in width and depth, and
nearinlet oceanfront variability.

One way to appreciate just how dynamic inlets are is to examine their movement through time.
While difficult to show in a print report, it is easy to visualize online using the historic inlet atlas
animation developed by North Carolina Sea Grant and dlailssing the following link:

https://ncseagrant.ncsu.edu/shiftinghorelinesinlet-atlas/

1.1 Establishment of Inlet Hazard Areas and Updates

The establishment of Areas of Environmental Concern (AECs) as authorized under the NC Coastal
Area Management Act (CAMA) of 1974 (Article 7, Pa.3 8 113A113) forms the foundation

2F O0KS Db2NIK /I NBEtAYlLF /w/ Qa LISNNAGGAY T LINRINI
the AEC, which includes three components: 1) Ocean Erodible; 2) Inlet Hazard; and 3)
Unvegetated Beach (15A NCAC 07H.0304). The IHAAERS FAY SR a t 20l GA2ya
vulnerable to erosion, flooding and other adsereffects of sand, wind, and water because of
GKSANI LINPEAYAGE (12 ReylLYAO 20S8SIy Ayf Siaove

The IHA maps in use today are based on analysis by Priddy and Carraway (1978). They utilized
aerial photographs spanning 1940 through 1977 to analyze 23 inlets, of which 19 are still active.

! North Carolina Administrative Code (NCAC), Title 15A, Chapter-Giapter H .0304(2)



https://ncseagrant.ncsu.edu/shifting-shorelines-inlet-atlas/
http://reports.oah.state.nc.us/ncac/title%2015a%20-%20environmental%20quality/chapter%2007%20-%20coastal%20management/subchapter%20h/15a%20ncac%2007h%20.0304.pdf

The number of photos at each inlet ranged from 6 to 32. Measurements were made on the
photos themselves with a spatial resolution of 300 feet alongshore. A shoreline change rate was
computed using both linear and quadratic equations to determine the-beshoreline change

rate for each inlet. A landward limit to the IHA was established at the point where the 1% chance
that shoreline position would exceed the defined hazard area at any time within the decade
(19781988). At inlets where the regression rhetls could not be used, the IHA boundaries were
established by using the methods of Fisher (1962, 1967) to map previous inlet territory. IHA
boundaries were not designated for Masonboro Inlet, Drum Inlet, the southwestern side of
Ocracoke Inlet, and Oregdnlet because they were excluded from requirements listed in the NC
Coastal Plan (NC Department of Natural Resources and Community Development, 1977). The
IHAs developed for the 19 developed inlets in the study by Priddy and Carraway were presented
to the CRC as IHA boundary recommendations and adopted in 1979. Minor amendments
followed in 1981.

In 1998, the CRC Science Panel on Coastal Hazards identified the need to update the methodology
for defining the IHA (Oct 21, 1998, Science Panel meeting minutes) and in thehteshort
recommendations to the CRC (Fisher, 1999) stated:
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erosion, flooding, and other adverse effects of sand, wind, and water because of

GKSANI LINPEAYAGRE (2 ReylFYAO GARIFE AytSiao 9l
there are distinct differences in the history and behavior of inlets in different

coastal compartments of the state. Current Inlet Hazard Areas are based upon

original studies conducted over twenty years ago. The Inlet Hazard Areas need

revision to incorporatepdated knowledge.

The Panel recommends that the delineation of the Inlet Hazard Areas be revised

after a review of sitespecific studies of each inlet by a group of experts. The hazard

zone delineation shall consider such factors as previous inlet territory, structurally

weak areas along migration pathways, unusually low and narrow sections of

barriers prone to breaching, external influences such as jetties and channelization,

YR AYyONBIF&aSR SNraAz2y SEGSYRAYy3I |ft2y3 | Rel

Later research has shown that in addition to inlet migration addressed in the original IHA analysis,
the fluctuations in the ocean shoreline adjacent to the inlet have also been a significant threat to
development (Cleary, 1999). After 46 years some ofrtets significantly changedhree of the

tidal inlets (MadOld Topsail and New/Corncake Inlets) from the 1978 study have closed
naturally, while Shallotte, New Topsail, Bear, Barden, Bogue and Hatteras Inlets have moved
significantly or completely ouide the limits of the original IHA boundaries. Little River Inlet,



located in South Carolina just over the SC/NC border has since been stabilized and no longer
requires an IHA for the NC side.

In 2004, the Science Panel on Coastal Hazards began working on revising the IHA methods leading
to initial recommendations by DCM to the CRC in 2010. This effort stalled after extensive public
comment, in part because existing IHA rules were perceivedeasy loverly restrictive in the

larger redefined areas. Public comments on the 2010 draft also questioned the increased IHA size
and raised concerns that inlet risk within the IHA varied considerably. The Science Panel, DCM
and CRC have agreed that IHA suttiould be revised to better accommodate the oceanfront
expansions proposed in the latest draft maps.

In 2010, the Panel crafted initial draft IHAs for each of the established inlets. However, public
feedback highlighted shortcomings, notably that the existing IHA regulations wststdd for

the significantly expanded delineated regions. Moreover, ¢heas no presentation of proposed
regulatory amendments to accompany the updated boundary drafts. Criticisms also arose
regarding the enlarged scope of the 2010 drafts and the notable variability in inlet risk within
these areas. By contrast, the Oceandite Area (OEA) portion of the Ocean Hazard Area (OHA),
when delineated as a simple shoreline box, resembles the IHA. Nonetheless, the erosion rates
published within the OHA pinpoint relatively heightened risks nearer to the shoreline. This
initiative was ultimately postponed as the CRC, DCM staff, and Science Panel redirected their
resources and efforts to prioritize the completion of the 2010 Terminal Groin $t@y1
Oceanfront Erosion Rate stuéi2012 NC Session Law 2eA@2 Areas of Environmental Concern
(AEC) study and the 2015 NC Sea Level Rise Study

In 2016, the Science Panel on Coastal Hazardsagas asked by the Coastal Resources
Commission to develop an updated methodology to delineate IHAs. That report presented the
new methodology, the IHA Method (IHAM), and recommended revised IHA boundaries for the
ten active and developed tidal inlets inofth Carolina. The inlets considered include Tubbs,
Shallotte, Lockwood Folly, Carolina Beach, Masonboro, Mason, Rich, New Topsail, New River, and
Bogue InletsKigure ). The Cape Fear River entrance (Cagar Inlet) and Beaufort Inlet were

not included in the 2016 study because they are separately managed in the State Ports Inlet
al ylr3asySyid !9/ o ¢KS aK2NBftAySa |Ra2lIOSyid Gz
and Oregon inlets are publicly ownedith a low potential for future development. Thus, they

were not included in this report.

22010 Coastal Resources Commission Terminal Groin,$hamgated by Session Law 20089

32011 LongTerm Average Annual Erosion Rate and Setback Factor Update Study

42014 Inlet Management Study

52016 NC Sea Level Rise Assessment Report: 2015 Update to the 2010 Report and 2012 Addendum



https://www.deq.nc.gov/about/divisions/coastal-management/coastal-resources-commission/2010-crc-terminal-groin-study
https://files.nc.gov/ncdeq/Coastal%20Management/GIS/2011_NC_Oceanfront_ErosionRate_Report.pdf
https://www.deq.nc.gov/about/divisions/coastal-management/coastal-resources-commission/inlet-management-study
https://www.deq.nc.gov/documents/pdf/science-panel/2015-nc-slr-assessment-final-report-jan-28-2016/download

It wasn't until 2019 that the CRC finally approved the Science Panel's updated report. However,
the implementation of the new boundaries faced setbacks, including prolonged public hearings,
local government workshops, and the onset of the CeGMPandemicConsequently, the 2019
update was put on hold until the CRC could resumperson meetings. As the CRC resumed
consideration of the 2019 report it was nearly time to update both inlet and oceanfront erosion
rates. In April 2022, the CRC formally reqedsthe Science Panel to collaborate with Division
Staff in updating the boundaries, incorporating new data collected since the 2019 proposal.
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Figure 1.Study areas include Tubbs, Shallotte, Lockwood Folly, Carolina Beach, Masonboro, Mason, Rich, New
Topsail, New River, and Bogue Inlets. At least one side of each inlet is developed.

A significant portion of stakeholder input regarding the 2010 IHA draft revolved around a
common question:Does the level of risk remain consistent across all areas within the designated
boundarie®" Thus, in 2016 when the Panel resumed work on updating IHAs, the Panel devised
GKS Llta G2 RStAYySIGS GKS LI! FyR SadlofArak o
risk lines are calculated like the minimum (30 times erosion rate) and maxi{@d times erosion

rate) setbacks along the oceanfront thinstead of being measured from the EVL, they were
measured from the HVL, which represents the landwauakt position of all vegetation lines for

the period of study. Unlike the oceanfront where the EVL can serve as a reliable indicator of long
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term erosion trends, fluctuations in the vegetatitine location near inlets undermines its utility

as a management tool in these areas. For this reason, the panel concluded that the EVL lacks
dependability as a feature from which setbacks can be measwed to better capture the
dynamic fluctuations near inlets should be measured from the HVL.

In November 2018, the NC CRC's Science Panel delivered revised IHA boundaries to the
Commission. Subsequently, in February 2019, the CRC approved the updated boundaries,
initiating a sequence of public hearings and workshops with local governments aeticlddrs.

This timeline underwent an extension to allow additional time for public and local government
feedback. However, the onset of the COMM®Pandemic brought all public meetings to a halt,

and the process of updating boundaries was once again tth ho

In 2019, the Science Panel also recommendegviauating boundaries and methodologies every
five years, aligning with routine updates on oceanfront erosion rates. When discussions on the
IHA were renewed in 2023, stakeholders urged the Commission to théedecommendation.

They sought an update to the 2019 proposal, considering new data and conditions, such as the
completion in April 2022 of the terminal groin at Shallotte Inlet, Ocean Isle Beach, and any
potential method adjustments deemed necessaryspite the 2019 proposal not being enacted,
DCM Staff supported the suggestion, given the unforeseen delay and upcoming oceanfront
erosion study scheduled for 202025. In April 2023, after thorough consideration, the CRC
asked the Panel to reassess bounda and methodologies in sync with the forthcoming
oceanfront erosion rate study.

In line with the findings of the 2016 study, the current Science Panel on Coastal Hazards reaffirms
the use of 30and 9G@Year Risk Lines for delineating IHAs at each inlet. Furthermore, the Panel
concludes that the EVL does not reflect the fluctuatingumatof inlet and inletadjacent
shorelines. Instead, the Panel proposes employing the HVL for setback measurements, because
it captures the landwardgnost position of the vegetation line during the period of observation,

and thus represents the landward linof the envelope across which vegetation lines fluctuate.

The HVL is a fixed line, akin to a-Preject Vegetation line, established prior to the completion

of largescale beach nourishment projects exceeding 300,000 cubic %aifse current panel

also reviewed the IHA methodology, finding previously used methods sound, and identifying an
improvement on the approach to delineating alongshore boundaries (see Methods).

® North Carolina Administrative Code (NCAC), Title 15A, Chapter-Giapter H .0305(6)



http://reports.oah.state.nc.us/ncac/title%2015a%20-%20environmental%20quality/chapter%2007%20-%20coastal%20management/subchapter%20h/15a%20ncac%2007h%20.0305.pdf

1.2 Report Organization

This report is organized into four chapters with three appendices; Chapter 1 provides an
introduction and historical perspective; Chapter 2 describes the methodology used; Chapter 3
describes the analysis and the recommended IHA for each inlet, and; Chagieovides
recommendations.

Acronyms used in the report are listed in Appendix A. Appendix B lists definitions for key terms.
Appendix C provides maps for each proposed IHA, which duplicate the IHA maps provided in
Chapter 3 but are larger (11 x 17 inch).

Two terms used frequently throughout the report that are important to highlight are:
@EAAGAY 3T =+ S 3 Sihickigdfiied fashthe Sutrentfidtietgrmined vegetation line.

Gl @0 NAR +S3S i wiickh B gefinediay tBetlandwiaddist position of all vegetation
lines throughout the study period (which varies by inlet), and serves as the reference point for
measuring the landward extent of the IHA.



2.0 Inlet Hazard Area Methodology (IHAM)

The IHAM emerged from extensive collaboration between the North Carolina Division of Coastal
Management (DCM) and the Coastal Resources Commission's (CRC) Science Panel on Coastal
Hazards. This method applies a set of statistical and analytical procddumdsfting the IHAs.

The key procedures of the IHAM:

1) Identify and collect aerial imagery that captures historic coastal conditions, selecting
images from periods not affected by recent storardeach nourishment projects.

2) Establishthe HybridVegetation Line (HVL), which represstite landwardmost position
of all vegetation lines throughout the study peridtlis critical to use the HVL instead of
the EVL (as in the OEASs) because the EVL cannot capture the variability in vegetation line,
and therefore shoreline position, that puts development at risk in Haliéécted areas.

3) Use GIS software to digitize and analyze historical shoreline positions from aerial imagery
and other geospatial datasetdpply the USGS Digital Shoreline Analysis System (DSAS)
to calculate longerm average annual shoreline change rates by establishing transects
perpendicular to the shoreline and performing statistical linear regression on multiple
shoreline datasets

4) Compute the IHA alongshore baileries.

a. Compute thestandard deviation (STD) of shoreline position,eath transect
alongshore. Uséhe IHAM from the 2010 and 2019 reports, hereafter referred to
I & eA{ytOBNE liderSify theiniti@, approximate IHA alongshore boundaries
representingthe extent of inlet influence along the shoreline. Standard deviation
in storeline position is higher nednlets andtypically decreasesoving away
from inlets.Using STincrease, the alongshore boundary of an IHA is determined
as the location where the STD starts to increase. The initial approximate IHA
alongshore boundaries identified by the Sifibrease approach are used only as
the inletward limits forcalcti F GA 2y 2F GKS WIANI YR | @SNI :
deviation, which is 15 meters (or 49.2 feet) and used in methods b and ¢ below.

b. Apply the STD Threshold Method (STD sm)5Using this approach, moving
toward each inlet, the alongshore boundary of the IHA corresponds to the transect
at which the local standard deviation first rises above the grand average standard
deviation of 15 m.



c. {¢5 {f2LIS ¢KNBaK2ftR). ThiS apgrdaeh confpdrés tha B ™
differences in standard deviation between each adjacent pair of transacts
measure of the alongshore rate of change (or slope) of standard deviation. Moving
toward each inlet, the alorghore boundary of the IHA corresponds to the first
transect at which this alongshore difference in standard deviation rises above a
value of 1 ft (0.3 m), which is the average difference between all pairs of transects
sufficiently distant from inlets foniet influences to be negligible. The idea behind
this approach is to identify the alongshore boundary of the plateau of relatively
low values typical for noinlet-influenced transects. This approach most reliably
determines the extent of shoreline wheislet influence is dominant and is the
default approach applied at most inlefablel).

5) Calculate the 30and 90Year Risk Lines by multiplying the smoothed erosion rates by 30
and 90, respectively, and measuring those distances landward from the HVL.-Yikear90
Risk Line is then used to define the landward boundary of the IHA. This metggdol
mirrors the approach used along the oceanfront within the OEA, where comparable
calculations, measured from the appropriate vegetation line, are used to determine
minimum and maximum setback distances and to delineate the landward extent of the
OEA.

6) Review draft IHA boundaries for special circumstances requiring adjustment to IHA
boundaries. As an additional check, compare the draft alongshore IHA boundaries arising
from steps 15 with imagery to identify any sitepecific factors or inlet behaviorfat
indicate the need for further consideration and adjustment.

We note that the datasets used in the analyses are in mixed units; some are in meters and others
are in feet. For this reason, when identifying thresholds, we used the nearest round number
GKSGKSNI AYy YSGSNAR 2N FS&th o0So3aods {¢5 Hmp Y Ly

Tablel lists the methods used to identify the IHA boundary for each side of each inlet.



Tablel. Methods used to identify the IHA boundary for each side of each inlet.

pe | MANSBNE | IHANSOOSI | ooy (e | Boundar S
Side) Side)
Tubbs non-migrating {¢5 4t B {¢5 4t B| 90YRL + Ripray 90-YRL
Shallotte non-migrating {¢5 4t b {¢5 4t B 90-YRL 90-YRL
Lockwood Folly non-migrating STD > 1¥n STD > 1¥n 90-YRL 90-YRL
Carolina Beach non-migrating {¢5 4t b * 90-YRL 90-YRL
Masonboro non-migrating * # 90-YRL 90-YRL
Mason non-migrating {¢5 4t B {¢5 4t B 90-YRL 90-YRL
Rich non-migrating {¢5 4t B * 90-YRL 90-YRL
New Topsail migrating * {¢5 4t B 90-YRL 90-YRL
New River non-migrating {¢5 4t B *k 90-YRL n/a
Bogue non-migrating *k {¢5 4t B n/a 90-YRL

* No alongshore boundary is identified because Masonboro anéHu&sf Islands are undeveloped, and STD is >
15 m along the entire island length, so the entire island is included in the recommended IHA.

** No alongshore boundary is identified because Onslow Beach and Bear Islands are undepeldipbdowned
lands.

# The north/east side of Masonboro Inlet features a weir jetty, operational for approximately 60 years, which
defines the alongshorgoundary (se&ection3.5for details).

2.1 Aerial Imagery Selection

Orthorectified and georeferenced imagery served as the foundation for mapping shorelines and
vegetation lines. Georeferenced imagery, like orthorectified imagery, involves the process of
aligning aerial or satellite images with reabrld geographic coolidates. However, unlike
orthorectification, which corrects for terrain relief, sensor orientation, and camera tilt,
georectification primarily focuses on aligning the image with a known map projection and
coordinate system. Georectified imagery allowsdocurate spatial referencing and integration

with other geographic data layers in GIS (Geographic Information Systems) applications, enabling
precise spatial analysis, mapping, and visualizatiope@ally for lowrelief settings, such as
along barrier island coastlines
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In selecting imagery for this study, priority was given to accessible data that had not been
affected by storm events or beach nourishment projects within one year of the photo collection
date. This approach was taken to ensure consistency and minimizntgdtoutliers in the
analysis. However, avoiding oceanfront shoretia¢gainfluenced by beach nourishment projects

is becoming particularly challenging in North Carolina, as these engineering practices have
become increasingly common and frequent in recent years. Additionallyi 976 aerial image
especially those predating Hurricane Hazel in 19&¥e notably scarcecompared to the more
abundant postl970 data. This scarcity of older imagery further complicated efforts to find
ddZA Gl ofS KAAG2NRAOFE NBFSNBYyOS LRAyida F2N GKS
(DOT) Photogrammetry Unit served as the @ynsource of imagery collected between 1970

and 2000, while pos2000 imagery originated from a variety of sources: US Army Corps of
Engineers (USACE); US Geological Survey (USGS); National Oceanic and Atmospheric
Administration (NOAA); US National Agitietal Imagery Program (NAIP); NC 911 Board coastal
imagery; or oceanfront county data (Brunswick, Dare, Onslow, Pender, and New Hanover).

2.2 Establish the HybrMegetation Line (HVL)

Currently, theEVL serves as the primary feature from which new construction setbacks are
measured. This vegetation line can be useful for assessingdomgerosion patterns along the
coastline, providing a valuable benchmark for understanding gradual changes. Hpivéalts

short in capturing the dynamic and potentially rapid fluctuations that occur near inlets. In these
areas, natural processes such as tidal currents, waves, and sediment transport, and engineering
practices can cause substantive changes in tlgetagion line on the timescale of days, months

and years, making the EVL less reliable as a sole indicator of erosional trends.

To overcome this limitation, the HVL was devised as a more reliable indicator of the range of
shott-term variation. The HVL represents the landwandst position of the vegetation line at
each inlet over the period of study and is therefore composed of segments from different
years/dateqFigures 2a & b).
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Figure 2a The Hybrie/egetation (red line) represents the landwamtst position of the vegetation line (green lines)
during the period of study and is therefore a composite line, composed of segments from different dates. This example
illustrates HVL at Lockwodblly Inlet, Holden Beach.
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Figure 2b The Hybrie/egetation (red line) at Lockwood Folly Inlet, Oak Island.

2.3 Mapping Shorelines

5/ aQa O2ylGAydzZtte IANRgAYI RIEGFolIAaS 2F 20SI y TN
majority of the shorelines used in the development of the IHA boundaries presented in this
report, were mapped using historic orthophotography (Sectidl) # digitize the wetdry line

(Figure 3. For the purposes of analyzing leteym shoreline change rates in NC, the vaey line

can be considered a useful proxy for the Mean High Water (MHW) line. Two studies carried out

by DCM (Limber et al., 2007a; 2007b) indicated that the LiflgkiRed MHW e could be used
interchangeably with the wetlry shorelines in North Carolina. Three of the shorelines included

in this study represent the location of MHW directly because they were derived from LIiDAR (1997

and 2004), or NOSSheets (either from the 193 or 1940s).

Although some shoreline data exist prior to 1970, this study focuses on the period from 1970 to
the most recent available dataset (2022). This timeframe was chosen primarily because imagery
from the North Carolina Department of Transportation (NC DORtisraely limited or absent
before 1970 at most inlet locations, making earlier shoreline positions less reliable for consistent
analysis. In addition, early shoreline positions (1:93@0) were heavily influenced by changes

13



and uncertainties in inlet hydrodynamics associated with the construction and maintenance
dredging of the Atlantic Intracoastal Waterway (AIWW), especially in the southern portion of the
State.

To reduce the effects of outliersfferts were made to avoid using shorelines derived from
imagerycollectedimmediatelyafter or within one year of major storms or beach nourishment
projects. However, it is important to acknowledge that because the scaldraqdency ofthe
beach nourishment projects in North Carolina have been steadily increasisgnareasingly
difficult to identify imagery that reflectsnnourished conditions.

Following these data selection guidelines yields3B7shoreline positions for analysis at each
inlet.

Interpreting the

“wet-dry” shoreline
using imagery

Figure 3.Interpretation of the "weidry" shoreline (black dashed line) using orthophotography.
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2.3.a Casting transects (B%eter spacing)

Shoreline positions along oceanfront areas and inlets were assessed using a series of numbered
transects perpendicular to the shore spaced atr28ter (82foot) intervals. To ensure a
consistent shorelingperpendicular orientation and spacing, transectsrevextended from an
onshore baselineFgure4). This alignment followed the overall positional trend of shoreline
locations, particularly where inlet shorelines curve away from the oceanfront. This is a
commonlyused approach that best captures shorelidgange in a consistent manner where
alongshore shoreline shape varies. At each intersection between shorelines and transects,
shoreline change rates and additional statistical measures were computed using the US
DS2ft 23A0It { dzNIISe& Q& Andlysi§ System (BSANS) AThiklér et {alk 2008 inA y
conjunction with ESRI's ArcGIS.

Legend

Transects (25-Meter)
Baseline (onshore)

——— Shorelines

2022 Imagery

$3f Somumtniy

Figure 4.This example illustrates transects (black lines) spaced 25 meters apart from an onshore baseline (red line).
The baseline aligns with the overall trend of the shorelines (indicated by blue lines), resulting in transects that are
generally perpendicular tthe shorelines.
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As in this study, future update studies should involve reassessing baselines and transects, recasting them
as needed to ensure that any newly added shorelines in subsequent asalyse

2.3.b Computing Shoreline Change Rates: Least Squares Regression

Since 1979, the Division of Coastal Management has been calculatingetongceanfront

shoreline change (erosion/accretion) rates using the-ponght method, which relies on assessing
positional rates of change between the earliest and most recent sine®ht each transect. One

shortfall associated with the erdJ2 Ay i YSGK2R A& GKIFIG AG R2SayQ
shoreline position between the beginning and ending time point. Given the rapidly fluctuating
position of inlet shorelines and oceaafit shorelines near inlets, the efbint method does not

accurately quantify longerm trends. Consequently, for this study, least squares regression, a
preferred and commonly used statistical approach to analyzing shoreline change, which
incorporates thefull range of information availabléom multiple shorelines, was employed

instead of the end point method (Thieler et al., 2009).

Least squares regression is a method of estimating the coefficients of the linear regression model.
It minimizes the sum of the squared differences (residuals) between the observed values and the
values predicted by the model. In the context of shorelif@arge analysis, regression is a
statistical method to analyze the relationship between two or more variables to better
understand how one variable such as time, affects another variable such as shoreline position or
erosion/accretion rates.

In shoreline change analysis, the objective is to find the line that best fits the data by minimizing
the sum of the squared errors, which involves fitting a straight line to the data points that

represent shoreline positions at different tinnetervals Eigure 5. This line represents the "best

fit" to the data, meaning it minimizes the differences between the observed shoreline positions

and the positions predicted by the line.
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Linear Regression Rate (LLR)
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Figure 5 Relative shoreline position as a function of time (circlé®. slope of the best fitashed black line is the

linear regression rate (LRR) of shoreline change (in this case, it is eroding at 18 feet per year). For comparison, the
solid black line illustrates the exmbint rate measured between 1970 and 2022 (eroding at 16 feet per yieath)is

example, the engboint rate does not account for the period of erosion between 1990 and 2010

Once the line is fitted to the data, various parameters can be calculated, such as the slope of the
line, which indicates the rate of change of shoreline position over time. This method allows
guantificationof trendsin shoreline change over specified periods of time.

Least squares regression is preferred in studies involving dynamic systems because it captures
the overall trend in shoreline movement over time, including gradual changes and fluctuations,
which may not be adequately captured by simpler methods like ticepoint method.

The benefits of this approach include (Dolan et al., 1991), that the method:

0 Incorporates all datasets that meet criteria for analysis

0 Accounts for and averages across changes in trend over time
0 Ispurely computational

0 Is anaccepted and widely empyed statisticalapproach

0 Iseasy to employ

Linear regression has been used in all IHA update studies (2010, 2019 and 2025). Once computed,
the least squares regression rate was then smoothed using-tahgect runningaverage
algorithm for each transect alongshore. This smooths the alongshoaivearin the shoreline
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oceanfront shoreline rate studies since 1979.

Smoothing the raw shoreline data removes higtquency variations, thereby highlighting the
underlying trends and patterns. For example, smoothing effectively filters out the influences of
short-term smaliscale phenomena such as beach cusps, small savdsyand the landward
migrating portions of offshore baystemsItigure 6.

Shoreline Change Rates: Raw vs. Smooth

25.0
20.0
15.0
10.0
5.0
0.0
50 ]

-10.0

Rate (feet/year)

-15.0
-20.0

Transects

+ Rate (raw) ===Rate (smth)

Figure 6.lllustrates raw and smoothed shoreline change rates.

Distinctive shoreline features characterized by regularly spaced protrusions and indentations
along thecoastline Figure 7, including beach cusps, can vary significantly in size, ranging from
approximately 5 feet to 5,000 feet, and their lifespan can vary from days for smaller features to
seasons or even years for larger sand waves. These variations are documented in gtidas s
those by Dolan and Ferm (1968) and Davis (1978).
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Legend

—— Transects

Figure 7.This image illustrates examples of beach cusps and nearshore sandbars telawsects.

Similarly, offshore bars are submerged or partially submerged ridges of sand or gravel that form
parallel to the shoreline. They typically extend to lengths around ~300 feet, with migration and
attachment rates varying over time, spanning from seasonsears/ (Davis, 1978). These
features influence shoreline cusping and are constantly shifting.

While smoothing effectively removes shderm variations from the data (i.e., beach cusps), it's
important to note that larger, longelived features such as capes, which may have significant
implications for coastal dynamics, are not affected by thixpss. These details underscore the
importance of understanding the specific characteristics and behaviors of different shoreline
features when analyzing oceanfront and inlet data.

The procedure for spatially smoothing shoreline change rate data is a simple moving average, or
NHzy yAYy3 YSIYy (GSOKyYyAljdzS RSAaONAROGSR opdintfuhniddh & 6 md
2N Y2Q0AYy3 | SN IS¢ GKAA G Sriréngektdj (dppfroxinatghdORB 0 & 2 1
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algorithm nears the last transect within an inlet, the number of transects used in the average is
decreased by two (droppg one from each side of the centered transect calculation) until the

last transect is reached. The last value is calculated by taking the weighted average using the last
two transects.

R=2xT+T)/3

Rs = smoothed rate
T1 = erosion rate at last transect adjacent to the inlet

T, = erosion rate at second to last transect adjacent to inlet

This methodology is consistent with methods used in each oceanfront shoreline change analysis
since 1979. The use of smoothed data ensures a more uniform representation of shoreline
conditions at the scale of interest.

2.4 Using Standard Deviation (STD) of Shoreline Position to Identify the Alongshore
IHA Boundary

The alongshore IHA boundary marks the point along the oceanfront shoreline whereeiialketd
processes exert more influence on shoreline position relative to processes influencing oceanfront
shorelines more distant from inlets. Because shorelines nelatsirtend to exhibit greater
dynamism compared to more distant stretches, delineating this boundary necessitates a nuanced
approach. The approach described here relies primarily on analyzing the standard deviation of
shorelinepositions Figure §, whichoffers insights into the magnitude of shorelinariability,
essentially, the degree of baekd-forth movementat each transectThis methodology provides

a comprehensive assessment of how inleliated processes influence the coastal landscape and
identifies the transition zone where the impact of an inlet becomes increasingly dominant.

In the 2019 update study, the Panel recommended that future studies continue evaluating the
Llta YR O2yaARSNI LI2aaArotsS ftGaGSNYIFGAGS I LILINEI
STFSOUAPSYySaad ¢KAA NBO2YYSyYyRI ( Rahgl. Ihatditiany Of dzR S
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public comments following the 2019 study brought to light concerns that the prior standard
deviation method, while useful for identifying where inlets begin to influence shoreline position,

falls short in delineating where inlet influence on shoreline dyits is dominant. Concerns were

also expressed regarding possible subjectivity in the process of selecting the alongshore transect
RSaA3IYyII ISR a GKS LI! o62dzyREFNE® ¢2 | RRNFaa (K
concerns, the current Scienétanel evaluated a variety of alternative approaches to using the
increase in standard deviation (Sifi@rease) to identify the alongshore IHA boundary.

When considering modifications to the methodology, the Panel had two main objectives. First,

G2 RS@OSt2L)J | NBFAYSR YSGK2R 0KIFdG NBfAlFLoft& ARS
shoreline position, effectively filtering out variability arisingm oceanfront influences. Second,

to develop a refined methodology that ensures identification of alongshore boundaries relies as
exclusively as possible on computational analyses with limited subjectivity or dependence on the
choice of parameters usdd the analysis technique.

In the following three subsections we describe the refined approach used to identify the IHA
boundaries presented in this report. The refined approach involves identifying initial,
approximate IHA boundaries using the 2019 approach, and then refining bioeswlaries using

two new approaches that also rely on the standard deviation in shoreline position.
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Figure 8.This map highlights the greater variability in shoreline position near inlets compared to farther away.

2.4.a Using the Standard Deviation (STD) to Identify Initial, Approximate
Alongshore IHBoundariesSTBincrease

Below, weuse Figure 9to illustrate the approach (STidcrease) to identifying IHA boundaries
used in the 2019 report, which is used herein to identify initial, approximate location where inlet
influence becomes dominantigure 9is a plot of the alongshore variation in the standard
deviation spanning the length of an island, with inlets located on both the left and right sides and
the oceanfront in between. For each inlet, a plot such as this, along with the actua(Tddiie

2), served as the starting point for identifying where the transition from oceanfront to inlet begins
when approaching an inlet.

In Figure 9 transects 27 an@96 (marked by vertical dashed red lines) indicate where the trend

in standard deviation starts to consistently increase as one moves toward the inlet. To the left of

transect 27 and right of transect 296, shoreline processes are influenced by the witketgas

the area between these transects tends to be dominated by oceanfront processes. The 2010 and
2019 IHA studies used this technique as the primary method for identifying the alongshore IHA
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boundary, except where the Science Panel agreed to modifications based on specific criteria
(such as engineering practices or underlying geology) that justified a shift in boundary location.

Standard Deviation (STD) of Relative Shoreline Position
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Figure 9.This graph illustrates an example of the standard deviation of shoreline position plotted relative to the
transect numbers. The vertical dashed lines at transect 27 (left) and transect 296 (right) show where standard
deviation starts to increase approanlgi the inlet. For the purposes of this study, the area between the transects is
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Table2. This table illustrates an example of using the increase in standard deviatiom(3&#se) to define the IHA
alongshore boundary. Moving from the oceanfront towards the inlet, standard deviation starts to consistently
increase at transect 296, definirigas the IHA alongshore boundary. It should be noted that transect 295 is
technically where the increase starts, however, this is the end of a decrease, which is why transect 296 marks the
beginning of the continual increase.

Transect ID STD
289 14.87
290 14.70 .
291 14.65 S
292 14.61 I
293 14.48 3
294 14.24 O
295 | 1389~
296 14.12 )
297 45|
298 14.99
299 15.42
300 15.76
301 16.47
302 17.49
303 18.49
304 19.46
305 20.37
306 21.25
307 22.04
308 22.94 o
309 23.82 =
310 24.75
311 25.57

2.4.b Using Standard Deviation (STD) of Shoreline Position to Identify the
Alongshore IHA Boundaries: STD > 15 m

To apply the STD threshold approach, we first compute an oceanfront grand average standard
deviation (14.7 meters) and a grand median standard deviation (15.01 meters) across all
shorelines outside of the initial, approximate IHA boundaries identifiedgu#iie approach
described in 2.4a. Given that the mean and the median are similar, we rounded thiscvalue
hereafter referred to as the STD threshajdo 15 meters (49.2 feet). Where the standard
deviation first exceeds this threshold of 15 meters apploag an inlet, the variability in
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shoreline position exceeds the typical variability in shoreline position in adjacent oceanfront
areas, suggesting that inlet processes are the dominant influence on shoreline p{Eétma3).

The first transect where STD exceeds 15 meters (STD > 15 m) approaching an inlet from the
oceanfront is then identified as the IHA boundary where this approach is applied.

Table3. This table illustrates an example of using theM Standard deviation (STD) threshold method to define
the IHA alongshore boundary. Moving from the oceanfront towards the inlet, timeetér threshold is exceeded at
transect216; thus, defining it as thilA alongshore boundary.

Transect ID STD
204 12.78
205 12.66 o
206 12.55 3
207 1252 g
208 1286 | S
209 12.91 -
210 13.31
211 13.27
212 13.28
213 13.78
214 14.21
215 :
216 [ 15.05
217 :
218 16.07
219 16.63 =
220 17.46 o
221 18.64

Although this modification to the 2019 methodology is easily automated, the output still requires
expert interpretation of the results and an understanding of the data and inlet processes that are
unique at each location, which can affect each data senlike the strict application of the
standard deviation method as described in Section&.th which the area on the plot can
generally be identified, this modified method does not always result in a clear visual
interpretation of the standard deviation.
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2.4.c Using Standard Deviation (STD) of Shoreline Position to Identify the
{2y 3aK2NB LI! . 2dzyRFENMSAY {f2LIS ¢ KNBAK

The STD Slope (or RIS NRA @I G A BSTUO{ &YBSUGK2B BYLX 2ea f2y3atl
between consecutive points (neighboring transects). This more nuanced approach identifies the
location where the standard deviation starts to increase substantialgtive to the oceanfront
AK2NBtAYS RAAGIYd FTNRY AyftSGace ¢KS INIYR | @SNI
inlets (defined as those outside of the initial, approximate IHA described in Sectiaj) iB.the

studied regions is 0.94 ft, hich is rounded to 1 ft. Moving alongshore toward an inlet, the
GNFyaSOid 6KSNB np TANBRG SEOSSR&a mMFl A& ARSYGAT
GKAA& FLIWNRIOK® / 2YLI NBR (2 (KfSmethadSnvolgasphe ¥ Y S i
following adlitional steps:

1./ £ OdzAk S GKS @SN 3IS 20SIHYFNRyYyG adl yRINR
all oceanfront shoreline areas outside of the initial, approximate IHA alongshore
boundaries.

2. Smooth the raw standard deviation data using gpbint running average using the same
procedure applied in the smoothing of the shoreline change data. (Smoothing improves
GKS FoAfAGeE (2 ARSY(OGATFEe GKS f20F0AB® 6 KSNB
AYONBI 4SS adezmadlydAlrtte NBfIFIOGABS G2 GKS 20S

3. Calculate the standard deviation differences, jorat®etween neighboring transects
starting ateachA & f  YRQ& YARglI & LR AY (ateéitfeRendr2 Ay 3 {2 ¢

4. Moving from the middle of each island toward the inlet, identify the first transect for

whichthe standard deviatiomlifferenceS EOS SR & w dfth. Thisipdicates whefg ™
shoreline position variability starts to increassubstantially relative to average

oceanfront shoreline variabilitgTable4). This transectwhere STln FANBR (G SEOSSR:
identified as the alongshore boundary of the IHA when applying this approach.
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Table4. This table illustrates an example of using the STD Slope Threshbld ( 4ft) nfgthad to define the IHA
alongshore boundary. Moving from the oceanfront towards the inlet, the threshold value of 1.0 is exceeded at
transect296, defining it as the IHA alongshore boundary.

Transect ID STD {¢5
289 50.51 -0.59
290 49.92 -0.43
291 49.49 -0.27
292 49.22 -0.02
293 49.20 0.28
294 49.48 0.52
295 50.00 .
296 50.78 1.03 >
297 51.82 ,
298 53.05 1.42
299 54.46 1.60
300 56.06 1.78
301 57.84 1.98
302 59.82 2.19
303 62.01 2.43
304 64.44 2.78
305 67.22 3.06
306 70.28 3.30
307 73.58 3.58
308 77.16 3.84
309 81.01 4.00
310 85.01 4.09
311 89.10 4.12

Oceanfront

This method is easily automated and quantitatively objective. For this reason, the Panel used
this as the default method for identifying alongshore IHA boundaries.

2.4.d Using STD Approaches in Combination to Identify the Final Alongshore IHA

Boundaries

The current study uses the methodology applied in the 2010 and 2019 studies (now referred to
as the STincrease method) as the initial step in applying two new methtus STD Threshold

YR GKS
alongshore locations where inlet processes begin to dominantly influence shoreline position. The

YSGK2R 6{¢5 B mMp YO

{ ¢-8), tof ifedtifd3he ¢ K NI & f
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yS6 YSUK2RA | OKAS@®S (GKS tlyStQa (2 202S0OGAQ
analysisparameter choices) in boundary selection and relying more on computational outputs
that can be easily automated. In some locations, two of the methods idedtiie same transect.

¢ KS { ¢ 5t mpthodserves as the primary approach for identifying the alongshore IHA
02dzy RI NASa LINSBASYGSR Ay GKAA NBLRZNIO® fdeS (o2 |
explained and justified in the text provided in the inlet sectidrite report. As with previous

studies, no computational method can completely eliminate the need for adjustments based on
special circumstances (e.g., presence of an engineered structure).

2.5 The 30and 90QYear Risk Lines

The hazard risk varies within the IHA. To identify areas at greater risk, te@®0Year Risk
Lines were developed based on the ir$#ioreline erosion rates. It should be noted that these
lines are calculated no differently than how current oceanfrand inlet minimum and maximum
setbacks are determined, or how the landward boundary of the OEA is calcutaégblying 30

and 90 times the erosion setback factor based on shoreline change rates, with a minimum rate
of change of 2 feet of erosion/yeafrhe only difference between them is that the IHA boundary

is measured from the HVL, while setbacks and the OEA boundary are not.

The 90Year Risk Line defines the landward extent of the IHA. It is measured landward from the
HVL along each transect. The line is calculated as 90 times the shoreline erosion rate (LRR), with
a minimum applied rate o feet per year if the shorelins eroding at a lower rate or accreting.

The 30Year Risk Line is an intermediate line that defines a higher level of risk closer to the
shoreline. It is computed similarly to the X®ar Risk Line, but by using a multiplier of 30 and
measured relative tohe HVL.
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2.6 Refining the Draft IHA Boundaries

In most cases, the methods described above worked well, requiring no additional modifications.
However, as Priddy and Carraway (1978) and Overton and Fisher (2004) found in their studies,
defining an IHA for some inlets may potentially require additioefshements based on how well

the computed IHA fits the unique character of an inlet. This is not surprising considering that the

STD Threshold and STD Slope Threshold methods are based only on historic shoreline positions,

assume uniformly erodible mated and assume that past shoreline changes can be used to
estimate future shoreline behaviors. These are usually, but not always, good assumptions. Some
of the issues considered in this, and previous studies are:

O«

the stabilizing impact of engineering activities including the AIWW;

areas with low measured erosion due to local geomorphology and underlying geology;
locations within an inlet where the minimum erosion rate of 2 feet per year was
considered unrealistic (i.e., due to sandbag structures);

migrating, lowelevation, ephemeral swash bars, which overly magnify the dynamic
nature of the inlet and unrealistically impact the-3hd 90Year Risk Lines, and;

0 instances where the break in the standard deviation separating inlet influence from the
oceanfront was not clear or occurred too close to the inlet based on other observations
of coastal change (i.e., Masonboro and {ta#aff Islands).

O¢ O«

O«

After the computed draft alongshore IHA boundaries were refined to address issues such as those
listed above, a working grodpf the Science Panel visually compared the full suite of computed
and refined draft IHA boundaries with the tirseries of satellite imagery and aerial photography
available on Google Earth. In this review step, the working group sought to identifytany si
specific factors or inlet behaviors indicating the need for further consideration and possible
adjustment. As a result of this process, changes to the Mason Inlet and Rich Inlet IHA boundaries
were identified as necessary and incorporated into the freglort (see individual inlet sections

for detalils).

"TW23S8LK 20 [2y3dr tKP 55 {LISYOSNI w23ISNESZ DNBI awdzRAé
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3.0 Inlet Hazard Area Recommendations

This chapter delineates the IHA recommendations for each inlet. In each section, the history of

the inlet is first briefly described. The relevant analysis details of the IHAM amdbdifigations

FNBE (GKSy 2dzif AyYSR FT2NJ SI OK aARS 2F GKS AyfSiao
side of the inlet are presented. Larger scale copies of these maps can be fAppdndixC, and

online atthe NC Division of Coastal Managemembsite (nccoastalmanagement.net)in

addition, historic inlet change videos can be accessed via the Shifting Shoreline: Inlet Atlas
(https:/Incseagrant.ncsu.edu/shiftirshorelinesinlet-atlas)), via the timelapse tool
(https://earthengine.google.comifnelapse), or by site specific inlet
(https://www.youtube.com/playlist?list=PLsJngra3Sf4GLh2FmMBRRUAUPmM3GJfsOXc

3.1 Tubbs Inlet

¢dzooa LyftSd Aa I NBtFdIA@Ste avlftf YAINIGAyYy3
Throughout much of its early history the inlet migrated westward along an @@Cpathway,

at a rate between 50 and 65 feet per year. The inlet was closed @ 49 then in January 1970
reopened 3,200 feet further eastward to a position that approximated its 1688tion Figure

10). Following relocation, the inlet began migrating eastward toward Ocean Isle, but the rate of
migration has varied.
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— Roads
== HA (2024) - Alongshore Boundary
IHA (1979) - Current Boundary
1970 Imagery . . 0.5 Miles

Map Image: NC DCM 2024

Figure 10This map illustrates conditions at Sunset Beach (Tubbs Inlet) in 1970 relative to the current IHA (est. 1979),
the 2024 IHA alongshore boundary limit (red line) at tran24&, and Old Tubbs Inlet (left) and relocated Tubbs Inlet
(right). This map imagprovided for reference purposes only as 1970 data were not used in this analysis.

Causes of the migration reversal are complex, making the inlet difficult to predict. Around the time
of relocation feeder channels behind both sides of the inlet were altered by dredging for land
development. Other sections of the channels connecting &0 AWW shoaled and became
KE@RNJ dzZ AOFffe fSaa STFTAOASYyGd az2NB NBOSyilft e
construction of the dual navigation jetties at Little River Inlet, then 4 miles to the southwest, and
the natural closing of Mad Etlin 1997, then 3 miles to the southwest. The inlet shoreline can be
considered at least widely fluctuating and may be establishing a migration to the northeast.

When the existing IHA boundary was established in 1979, shortly after the inlet was relocated,
there was not enough data at the time to forecast how natural processes and adjacent shorelines
g2dZ R NBaLRyR (2 (KS Ayt Si QEmpiNBdpmedtb énsotngaZds a 2
both the new and former locations of the inlet that were identified through historical imagery
(https://ncseagrant.ncsu.edu/shiftirghorelinesinlet-atlas).
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3.1.a Sunset Beach side of Tubbs Inlet

Tubbs and Mad Inlets were presumed to have had a combined influence on making Sunset Beach
one of a few accreting islands in North Carolina (Cleary & Marden, 1999). The northeastward
migrating spit on Sunset Beach retreated 1,100 feet around 2013 but wekly recovering by

2017. In the area near the inlet at the end of East Main Street and Canal Drive, continual
accretion, erosion, and shoaling occur. Erosion control structures such as sandbags, riprap, and
bulkheads are used to harden the shoreline fbe purpose of protecting infrastructure and
property. Currently, there are no oceanfront erosion control structures, and no history of beach
nourishment at Sunset Beach.

Because of the relocation and the dredging of feeder channels behind both Sunset Beach and
Ocean Isle for land development around the time of the inlet relocation, 1970 and 1971 data
were excluded, and only shoreline data after 1971 (starting with 1984&)daére used in the
analysesKigure 1). The HVL at Sunset Beach is determined using 1981, 1993, 1998, 2003 and
2004 vegetation linedgure 4).

LI @Ay3 GKS {¢5 p B M GKNBaK2f R A RByigwer A Sa
13). The landward IHA boundary was defined using th&/88r Risk Line starting at trans@d

and moving in the direction of the inlet until reaching trans2®; where the boundary is then
extended from the 90rear Risk Line approximately 300 feet to the riprap along the backbarrier
shoreline where erosion has been persistent and is influenced by inlet processes and the
hydrodynamic fluctuations between Jinkseek and the inletRigurel5).
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Sunset Beach at Tubbs Inlet

Transect - Measured Accretion
— Transect - Measured Erosion
Shorelines (Tubbs Inlet at Sunset Beach)

2023 Imagery 0.5Miles

Map Image: NC DCM 2024

Figure 1. Tubbs Inlet at Sunset Beach. Shorelines included in the analysis: 1981, 1992, 1993, 1997, 1998, 2003,
2004, 2006, 2008, 2009, 2010, 2012, 2016, 2020, 2022 shown relative to transects used to measure shoreline change

rates.
Shoreline Change Rates (1981-2022)
Sunset Beach

10.0 -
=
2
@
&

-10.0 |

Transects
= Rate (ft/yr) Tubbs Inlet

Figure 2. Shoreline change rates (ft/yr) at Sunset Beach from 1981 to 2022: Negative values indicate erosion,

while positive values indicate accretion.
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Standard Deviation (STD) of Relative Shoreline Position (1981-2020data)
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Figure B. Using the standard deviation of relative shoreline position data at TubbsSnletet Beach and applying
GKS {¢5 np B m {KNZELE Ked poit) i¥iedtiKezl Bsihe &ldhbshose3HA boundary. This transect
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Sunset Beach at Tubbs Inlet -
Legend

Hybrid-Vegetation (Raw)

Vegetation Lines

2023 Imagery

Map Image: NC DCM 2024

QNI yas

Figure 4. Tubbs Inlet at Sunset Beach. Vegetation Lines mapped: 1981, 1992, 1993, 1998, 2003, 2004, 2009, 2010,
2012, 2016, 2020, 2022. Vegetation line segments making up the HVL within the updated IHA: 1981, 1993, 1998,

2003, 2004.
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Tubbs Inlet - Sunset Beach

Legend
90-Year Risk Line

® 30-Year Risk Line
— Hybrid-Vegetation Line
2025 Proposed IHA Alongshore BND
Inlet Hazard Area (2025 Update) ¢ g 0.5 Miles

2 Inlet Hazard Area (1979) Current

2024 Imagery NC Division of Coastal Management |  07/16/2025 | Ken Richardson

Figurel5. Tubbs Inlet at Sunset Beach: Updated IHA boundary in relation to tr&is@longshore IHA boundary),
HVL, 30and 90Year Risk Lines, and current (1979) IHA boundary.

3.1.b Ocean Isle side of Tubbs Inlet

Since relocation, Tubbs Inlet has been migrating toward Ocean Isle at a highly irregular rate. The
inlet shoreline has been armored with sandbags, which have served to temporarily reduce erosion
rates and limit further structural damage and loss of propétarther to the northeast, the ocean
shoreline has accreted following the relocatibiggresl7 and18). The shoreline and vegetation

data for Ocean Isle at Tubbs inlet are showFigaresl6 and19.

The HVL within the 2024 IHA includes 1980, 1981, and 1993 vegetatioRitinesl0). Applying

GKS {¢5 p B m GKNBakKz2fRZI ARSY(AFIKFigurel8l KiBe I f 2y 3
landward IHA boundary was defined using théf8@r Risk Line starting at trans2¢tand moving

in the direction of the inletRigure20).
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@Cean Isle at Tubbs Inlety 2023

Legend
— Transect - Measured Accretion
Transect - Measured Erosion

Shorelines
2023 Imagery x
r Map Image: NC DCM 2024

0.3 Miles

Figure 16.Tubbs Inlet at Ocean Isle. Shorelines included in the analysis: 1970, 1971, 1974, 1975, 1980, 1981, 1987,
1990, 1992, 1993, 1997, 1998, 2000, 2001, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016, 2020, 2022 shown

relative to transects used to measure silime change rates.

Shoreline Change Rates (1970-2022)

Ocean Isle
10.0
5.0
— 00
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Tubbs Inlet e Rate (ftfyr) Shallotte Inlet

Figure 17 Shoreline change rates (ft/yr) at Ocean Isle from 1970 to 2022: Negative values indicate erosion, while
positive values indicate accretion.
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Figure 18.Using the standard deviation of relative shoreline position data at TubbsOrkxn Isle and applying the

M U KNEB a K2Z {réf pond is Kiehtried agi thel alorigsh@él IHA boundary. This transect is
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in yellow indicates location of larggcale beach nourishmenhd subsequent maintenance projects.
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@Cean Isle at Tubbs Inlety 2023

Legend
Hybrid-Vegetation Line

Vegetation Lines
0.3 Miles

2023 Imagery
Map Image: NC DCM 2024

Figure 19.Tubbs Inlet at Ocean Isle. Vegetation Lines mapped: 1970, 1971, 1974, 1975, 1980, 1981, 1987, 1990,

1992, 1993, 1998, 2000, 2001, 2003, 2004, 2009, 2010, 2012, 2016, 2020, 2022. Vegetation line segments making
up the HVL within the updated IHA: 1980, 19B993.
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Figure 20.Tubbs Inlet at Ocean Isle: Updated IHA boundary in relation to tra@3e@longshore IHA boundary),
HVL, 30and 90Year Risk Lines, and current (1979) IHA boundary.

3.2 Shallotte Inlet

Shallotte Inlet, charted as early as 1672, has fluctuating inlet shorelines. Seismic data from the
nearshore area indicates the inlet is a permanent feature related to the petl@onel of the
ancestral Shallotte River. Since 1938 the throat position efehb (main) channel has shifted
within a 900 feet wide corridor. Although the position of the ebb channel within the throat has
not changed appreciably, its seaward portion across the-tetdl delta has shifted widely,
approximately 13,000 feet acrossetoffshore shoal.

The historic reorientation and repositioning of the outer bar channel from the southwest to the
southeast facilitated changes in the shape of the tidbl delta and its effect on the adjacent
20SIYTNRY(G aK2NBtAYySao { Ay 6 §endiakydbeeh align&d invabc n Q a
SEESE direction, which has favored the accretion along the Holden Beach shoulder that has led

to the bulbous shape of the western end of the island. By contrast, during the same interval, the
Ocean Isle oceanfront shorelil@s experienced chronic losigrm erosion.
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When the Shallotte Inlet ebb channel orientation is positioned towards Holden Beach, the updrift
shoulder of Ocean Isle experiences erosion (and vice versa). The bulbous shape of Holden Beach
shoreline has been present since 1974. If the ebb channel bexonuoee westerly, then this
accreted sand is expected to erode. Ocean Isle had the same bulbous shape between 1938 and
1958 before the ebb channel shifted and caused erosion at the eastern end of Ocean Isle. If the
ebb channel once again q@ients itself bward Ocean Isle, the bulbous shape will return to
Ocean Isle, and Holden Beach will erode.

In 2001, the US Army Corps of Engineers constructed a beach nourishment project along 17,000
feet of Ocean Isle Beach extending west from Shallotte Boulevard. Material used to construct the
project was obtained from a borrow area in Shallotte Inlet thatarded from near the AIWW,

seaward to approximately the oot depth contour. In essence, the borrow area created a new

ebb channel oriented perpendicular to the adjacent shorelines. The location of the Shallotte Inlet
channel was based on historicpogity & YR Ff A3yYSyida 2F (GKS AyfS
seemed to have positive impact on the east end of Ocean Isle Beach. The Shallotte Inlet borrow
area has been used to provide sand for periodic nourishment of Ocean Isle.

3.2.a Ocean Isle Beach side of Shallotte Inlet

Among the inlets analyzed in this study, the east end of Ocean Isle at Shallotte Inlet and within
the limits of the 2024 IHA has experienced the greatest loss of property (approximately 286
platted lots), fiftyeight (58) homes and approximatelynile of surfaced road due to persistent
erosion between 1970 and 202Bigures 21 and 22

lf 0 K2dzZAK GKS OKIFyyStQa YARLERAYyG KIFIa 0SSy NBf
Ocean Isle Beach and Holden Beach have experienced lengthy cycles of erosion and accretion.
The impact of Hurricane Hazel in 1954 caused the reorientation ofhtéwenel to move in a more

easterly direction, which made Ocean Isle Beach experience accelerated erosion, and since the
MPT N QAT SNRAA2Y KlFa NBYFAYSR LISNBRAaAGSY(HO®
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Inlet Hazard Area (2024) Update Structure Assessment (within 2024 IHA)

Inlet Hazard Area (1979) Current * Existing Structures as of 2023
| = Parcels (Brunswick County) Lost Between 1970 & 2023
1970 Imagery Lost Infrastruture (Roads)

0.5 Miles

Map Image: NC DCM 2024

Figure 21. This map illustrates existing structures (green dots), and structures lost to erosion (houses indicated by
red xmarks and roads indicated by red lines) relative to conditions in 1970. Based on an inventory between 1970
and 2023, 58 structures and appimately 286 platted parcels and one mile of surfaced road within the 2024 IHA
have been lost or relocated because of erosion.

41



Legend
Inlet Hazard Area (2024) Update Structure Assessment (within 2024 IHA)
Inlet Hazard Area (1979) Current = Existing Structures as of 2023

[ Parcels (Brunswick County) < Lost Between 1970 & 2023

0.5 Miles
2023 Imagery Lost Infrastruture (Roads)

Map Image: NC DCM 2024

Figure 22. This map illustrates existing structures (green dots), and structures lost to erosion (houses indicated by
red xmarks and roads indicated by red lines) relative to conditions in 2023. Based on an inventory for the period
between 1970 and 2023, 58 sttupes and approximately 286 platted parcels and one mile of surfaced road within
the 2024 IHA have been lost or relocated as a result of erosion. Currently, there are 185 structures within the 2024
IHA.

Over the years, various strategies have been employed to combat the erosion at Shallotte Inlet
(Figures23 and 24). Efforts included beach nourishment projects, where large amounts of sand
were placed on the beach in hopes of restoring the shoreline and providing a buffer against
further erosion. However, the temporary nature of this solution became apparent aseiwyn
added sand was quickly eroded away.
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Legend
Inlet Hazard Area (2024) Update  Erosion Control Structures
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=

1970 Imagery

Map Image: NC DCM 2024

Figure 23.This map illustrates conditions in 1970 relative to the variety of erosion control structures applied in efforts

to stabilize the shoreline. Small temporary groins (stmEgendicular yellow lines) were installed before 1992
followed by sandbag structas (green dotted line) over the course of time, until construction of the terminal groin

(red line) was completed in 2022.
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Legend
Inlet Hazard Area (2024) Update  Erosion Control Structures
Inlet Hazard Area (1979) Current = Groins (temporary)
3 Parcels (Brunswick County) *—= Sandbag Structures
2023 Imagery Terminal Groin (2022) : 5 0.5 Miles

Map Image: NC DCM 2024

Figure 24.This map illustrates conditions in 2023 relative to the variety of erosion control structures applied in
efforts to stabilize the shoreline. Small temporary groins (sperpendicular yellow lines) were installed before
1992 followed by sandbag struects (green dotted line) over the course of time, until construction of the terminal
groin (red line) was completed in 2022.

While not intended to be a lonterm solution, a series of temporary groins were constructed
before 1992 to trap sand and help stabilize the shoreline. These structures ultimately proved to
be ineffective and sho#ived. For property owners adjacent tch&élotte Inlet, sandbag
structures have historically become the last line of defense, providing $&ort protection.
Numerous sandbag revetments have been constructed along the 5,000 feet of developed
shoreline adjacent to the inlet. Closest to the inleé beach road is now™Street, F through

3 Streets having been eroded.

Recognizing the need for a more permanent solution, the Town Ocean Isle Beach completed
construction of a 50doot granite boulder terminal groin. The groin was designed to serve as a
longlasting barrier to erosion, with hopes of holding the shorelinplace and protecting the
vulnerable east end of Ocean Isle. While the terminal groin represents an ambitious and costly
effort, its effectiveness remains to be seen, as more time is needed to fully assess its impact on
erosion patterns and shorelingabilty (Figures 25 and 26
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TG 2-23-23 (2)

Figure 25. This image captures the inlet shoreline at the terminal groin as it appeared on February 23, 2023. Post
construction, the inlet beach is wide, and the terminal groin, located in the middle left of the photo, is mostly covered.
A newly built road and ongag construction are visible in the raiénter of the image. Photo source: Town of Ocean
Isle Beach, NC.
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Figure 26.This image captures the inlet shoreline at the terminal groin as it appeared on June 25, 2024. Since 2023
(Figure 35), erosion on the inlet side of the groin has resulted in continued landward movement of the shoreline,
SELRA&AY 3T (KS 3 Nmoachifgithe lvefalekich kront of tRe new development. Photo source: NC
DCM and DWR.

The terminal groin is expected to affect shoreline stability immediately to its west by eventually
reducing erosion and retaining sediment; however, the eastern side, adjacent to the inlet, will
continue to be significantly influenced by the dynamic preessof the inlet. This area will likely
experience varying degrees of erosion and sediment deposition, making it challenging to predict
longterm outcomes. Therefore, a longer period of observation is necessary to fully assess the
overall performance andftectiveness of the structure in stabilizing the shoreline. Additionally,
ongoing, detailed monitoring is crucial, especially at the landward terminus of the structure,
where persistent shoreline erosion continues to be a concern.

LILE @Ay3 GKS {¢5 p B M GKNBAK2f R A RSigwer A Sa
29). The landward IHA boundary was defined using th&8@r Risk Line starting at trans@66

and moving in the direction of the inleFigure30). After the 90Year Risk line intersects the
Atlantic Intracoastal Waterway (hereafter referred to as the Intracoastal Waterway, or ICW), the
IHA stays within the ICW and incorporates the adjacent spit.
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Figure 27. Shallotte Inlet at Ocean Isle. Shorelines included in the analysis: 1970, 1971, 1974, 1975, 1980, 1981,
1987, 1990, 1992, 1993, 1997, 1998, 2000, 2001, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016, 2020, 2022 shown

relative to transects used to measugieoreline change rates.

Shoreline Change Rates (1970-2022)
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Figure 28. Shoreline change rates (ft/yr) at Ocean Isle from 1970 to 2022: Negative values indicate erosion, while
positive values indicate accretion.

47



Standard Deviation (STD) of Relative Shoreline Position (1970-2022)
Shallotte Inlet at Ocean Isle
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Figure 29.Using the standard deviation of relative shoreline position data at TubbsOrkxn Isle and applying the

{¢5 n
6 KSNB

B modn i KNB 296 ZrddRoiny S ilean@iéd Rs tieMibngsh@edHA boundary. This transect is
i KS R Aaweeh BelgBbyriogtrarsgets exée&ds 1.0 moving towards the inlet. The area highlighted

in yellow indicates location of larggeale beach nourishment and subsequent maintenance projects.
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Figure 30.Shallotte Inlet at Ocean Isl¢egetation Lines mapped: 1970, 1974, 1975, 1980, 1981, 1987, 1990, 1992,
1993, 1998, 2000, 2001, 2003, 2004, 2008, 2009, 2010, 2012, 2016, 2020, 2022. Vegetation line segments making
up the HVL: 2000, 2001, 2003, 2004, 2008, 2009, 2010, 2012, 2020, 2022.
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Figure31. Shallotte Inlet at Ocean Isle: Updated IHA boundary in relation to tra@8écfalongshore IHA
boundary), HVL, 3@&nd 90Year Risk Lines, and current (1979) IHA boundary.

3.2.b Holden Beach side of Shallotte Inlet

The Holden Beach side of Shallotte Inlet has experienced overall length accretion with some
episodic shorterm erosion. The extreme swing in the offshore ebb chamseilted in the net

accretion along more than a mile of nealet shoreline on Holden Beach. For property owners,

this has resulted in no need for costly interventions to stabilize the shoreline or experience loss of
properties due to erosion. Thisacdre2 y I f LIKI &S 6S3aFy Ay GKS wmdtna
aligned closer to the HoldeBeach shoreline, which could be attributed to a possible

dzy RSNBAGAYIIGAZ2Y 2F (GKS LI!' Q& fFyRglINR o02dzyRI N
This prolonged cycle underscores the intricate and dynamic interaction between natural processes

and theevolving morphology of the inlet, where consistent sediment deposition has gradually
pushed the shoreline seaward.

The observed changes are significant because they occurred well before any human interventions
(beach nourishment) were implemented. Aerial imagery from the 1970s to the early 2000s vividly
captures this natural accretion process, offeringaclear isBaD2 NR 2 F (G KS &dK2 NBft A
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dynamic nature, where natural forces have favored accretion over erosion for an extended period.

The implications of this trend are profound, as they suggéstith G KS Ay f S Qa OdzNNEB
product of longstanding natural inlet cycles rather than more recent human interventions.

In 2002, to offset coastal erosion along its oceanfront shoreline, the Town of Holden Beach
completed its first major beach nourishment project, subsequently followed by six additional
projects over the next thirteen years (Holden Beach, 2015). Thests eferye strategically aimed

at stabilizing the shoreline while affording added protection against storm damage. However, it's
important to note that none of these projects were conducted within the area identified by the
Panel's 2024 IHA boundary propog§ale to the ongoing accretion that began nearly thirty years
0STF2NBE 06SIOK y2dNRAKYSY(d LINI OGAOSa aidl NISRx
nourishment. The fact that this area has never been nourished is crucial for understanding the
longterm sediment dynamics and shoreline stability near the inlet, and that this gain over time
began long before beach nourishment practices.

Sediment transport within inlet areas is subject to continuous and unpredictable changes due to
the complex interaction of wave energy, wind direction, tidal fluctuations, and the constantly
shifting bathymetric and hydrographic features of the inlet. Maikes sediment transport highly
variable and difficult to predict with accuracy. Initial studies by the USACE in 1973 indicated that
the net longshore sediment transport around Holden Beach predominantly moved from west to
east, reflecting the prevailingave and current patterns of that period. However, later studies
starting in the early 1980s, such as those by Miller (1983), suggest a shift, with net longshore
sediment movement now occurring from east to west.

The Panel agreed that the current lengthy cycle of accretion along thedelah shoreline within

the proposed IHA is largely driven by inlet dynamics rather than being an isolated result of
alongshore sediment transport from areas that have undergoreehbaourishment. Aerial
imagery analysis provides compelling evidence of this, showing accretion occurring between 1970
and pre2002, before beach nourishment efforts began. In contrast,-p@80 imagery reveals

that the more recent realignment of the ebbhannel, those accretion areas have been eroding.

It is important to recognize that these accretional gains are very likely not permanent, based on
the fluctuations observed on oceanfront shorelines adjacent to other North Carolina inlets and an
understanding of inlet processes. The dynamic nature ahteemeans that a reversal, initiating

a cycle of erosion, is an inevitable part of the natural process. Although the reach of inlet
AYyFtdzSyOSa 2y (KS AK2NBfAySQa LRaradrazy Oly oS
occur and forecastma timeline of accreticerosion cycles is far more complex.

The shoreline and vegetation data for the Holden Beach side of Shallotte Inlet are dhigures
32 and 35. The HVL within the IHA is a composite of 1970, 1981, 1992, 1993 vegetation lines.
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34). The landward IHA boundary was defined using thée20 Risk Line starting at transgét

and moving in the direction of the inlet. Where the end of the HVL intersects the marsh (landward
side of Holden Beach), the IHA boundary is extended across the marsh to intersect(fFiguea/N

36).
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Figure32. Shallotte Inlet at Holden Beach. Shorelines included in the analysis: 1970, 1981, 1992, 1993, 1997, 1998,

2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016, 2020, 2022.
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Shoreline Change Rates (1970-2022)
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Figure33. Shoreline change rates (ft/yr) at Holden Beach from 1970 to 2022. Negative values indicate erosion, while
positive values indicate accretion.
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Figure34. Using the standard deviation of relative shoreline position data at Shallotte Hiolelen Beach and

FLILX @eAy3a GKS {¢5 n B wmadkn(redfinSsiidestifieR asYhs dldagshoke IHANaugdans O i
CKAZ GN}yasSoOd Aa 6KSNB GKS &0FyRINR RSOAFGAZY RATFFSNB
towards the inlet. The area highlighted in yellow indicates location of {scgébeach nourishment and subsequent
maintenance projects.
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Figure35. Shallotte Inlet at Holden Beach. Vegetation Lines mapped: 1970, 1981, 1992, 1993, 1998, 2003, 2004,
2008, 2009, 2010, 2012, 2016, 2020, 2022. Vegetation line segments making up the HVL: 1970, 1981, 1992, 1993.
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Figure 36 Shallotte Inlet at Holden Beach: Updated IHA boundary in relation to trahdddtalongshore IHA
boundary), HVL, 3@&nd 90Year Risk Lines, and current (1979) IHA boundary.

3.3 Lockwood Folly Inlet

The oceanfront shorelines adjacent to Lockwood Folly Inlet, like those of nearby Shallotte Inlet,
experience wide swings in position. Lockwood Folley Inlet was charted as early as 1672. Seismic
data from the innefrcontinental shelf suggests the inlet igparmanent feature related to the
paleochannel of the ancestral Lockwood Folly River that extends across the hard bottom
dominated shoreface. Since 1938 the throat position of the ebb channel has shifted east and
west within a 420 feet wide corridor. Altligh the throat segment of the ebb channel has been
confined to a relatively narrow zone, the outer segment of the channel has migrated to the
southwest and the southeast across a 7,250 feet wide length of the oceanfront shorelines.
Because of the complexatiern of movement of the ebb channel across the outer bar, the
symmetry of the ebb delta has continually been altered as has the protective-sfaltering

effect of the shoals on the ocean shorelines.

The contrasting patterns of change along the Holden Beach and Oak Island oceanfront shorelines
RANBOGf&@ NBTESOG (GKS AyFfdzSyOS 2F GKS So006 OKI
changes of the eblidal delta. In general, the predominantstoric southeasterly alignment of
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the ebb channel has promoted much of the lelggm chronic erosion along Holden Beach
involving hundreds of feet of shoreline retreat and by contrast the hundreds of feet of
progradation along Oak Island.

Lockwood Folly Inlet is an authorized Federal shatoaft navigation project. The navigation
channel is periodically maintained by dredging.

3.3.a Holden Beach side of Lockwood Folly Inlet

Shoreline and vegetation data between 1971 and 2022 illustrate the effects on the shoreline of
low-elevation swash bars consistently welding onto the ocean shoreline near the inlet. The
shoreline more distant from the inlet has been erodifggures37 and 38. Sandbag revetments

have been installed to armor roads and houses along 2,000 feet of developed shoreline adjacent
to the inlet.

The shoreline and vegetation data for the Holden Beach side of Lockwood Folly Inlet are shown
in Figures37and40. TheHVL is comprised of vegetation lines from 1993, 1998, 2003, 2004, 2008,
2009, 2010, 2012, 2020, 20Hiduredod @ . SOl dzaS GKS {¢5 n B ™M 0 2dzy
area where homes were lost as recently as the early 90s (as well as in 70s and 80s), the boundary
identified with the STD > 3% boundary is used instead. This yields an alongshore IHA boundary
at transect478 Figure39). Notably this is the same transect that would have been identified
using the previously applied STD increase approach, lending further confidence to this transect
as the most appropriate boundary. The landward IHA boundary was defined using-¥ea®0
RiskLine starting at transecet78 and moving in the direction of the inlet. Where the HVL ends
and at the last 9¢vear Risk Line point adjacent to the inlet, the IHA boundary is extended across
approximately 250 feet to intersect the ICWidure41l).
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Figure37. Lockwood Folly Inlet at Holden Beach. Shorelines included: 1971, 1978, 1988, 1993, 1997, 1998, 2003,
2004, 2006, 2008, 2009, 2010, 2012, 2016, 2020, 2021, 2022.
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Figure38. Shoreline change rates (ft/yr) at Ocean Isle from 1971 to 2022: Negative values indicate erosion, while
positive values indicate accretion.
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Figure39. Using the standard deviation of relative shoreline position data at Lockwood FolAtitktn Beach and
applying the STD 4% threshold method, transeet78 (red point) is identified as the alongshore IHA boundary. This
transect is where the STD exceddsmeters moving towards the inlet. The area highlighted in yellow indicates
location of largescale beach nourishment and subsequent maintenance projects.

58













































































































































































































































