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Science Panel:

The CRC presented three tasks to the Science Panel:

1) Developinlet shoreline change rate calculation methodology

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

3) Present results at CRC meeting



Executive Summary

The first North Carolinanlet Hazard Areas (IHA) were developed in 1978 to recognize that
shorelines adjac# to inlets are more dynamic than those along the oceanfréthe time, the

novel shoreline analysis methodology used the historic migration of inlet shorelines along the
coast to define IHASSince that time, research has shown that in addition tetinhigration, the
oscillations of ocean shoreline adjacent to the inlet are also a significant threat to development.
Forty years latersome of the inlets have significantthanged.Several inlets (Mad Inlet, Old
Topsail Inlet, and New/Corncake Inlet)vieaclosed completely with little chance of reopening.
Others (New Topsail and Shallotte Inlets) have moved outside the limits of the original IHA
boundaries. In 2004, the ®cice Panel on Coastal Hazards began working on revising the IHA
methodology whichled to initial recommendations in 201040st recently in 2016, the Panel
was retasked by thdlorth CarolinaCoastal Resources Commission to develop an inlet shoreline
changerate calculation methodology and update the IHAs.

Inlet shorelines behave diffently than oceanfront shorelines not influenced by inl&&hough
dynamic and locally unique, most inlets can be classified as eitiggatingin the net longshore
sand tansport directionpscillatingaround a general locatigor both. The shorelinesmside the
inlet, between the two islands, can migrate much faster than most other landfdxies. Topsail
Inlet has been moving south approximately 90 feet per year sincd #3€s.Mason Inlet was
moving at 365 feet per year before it was relocated arabsgized.

Inlet oscillations occur both directly on the inlet shoreline, between the two islands, and on the
ocean shorelines near the inlethe locations of the inlet shelines and the width of the inlet

are constantly modified by changes in wave h&jrection, storms and other factorsln 2013

2014, Tubbs Inlet between Sunset Beach and Ocean Isle Beach widened from around 560 feet to
more than1700 feet, widening by factor of 3 in less thaByears.The inlet width has since been
narrowing and is likely to return to its previous width.

Oceanfront shorelines near inlets have letegm erosion rates approximately 5 times greater
than other oceanfront shorelinesluchlarger oscillations in the oceanfront shoreline near inlets
can also occur over several yeamsdecades.These fluctuations are most often caused by
movements in the primary ebb channd#roughthe offshore barAs the channel moves closer
to one ishnd, sections of that shoreline accrete while the other island erodes near the inlet.
When the channel shifts by natural processes or dredging, the oceanfront process reVéses.
island previously losing then gains, while the other side of the inleslodet it previously gained
and sometimes moreThe oscillations may not contribute to the lotgrm erosion rate but can

be a shoriterm threat to coastal development.

In 2010, the Panel developed draft IHAs for each of the developed ifetdic commats

criticized the effort in part becausthen-present IHA rulesvere not appropriate for the much
larger redefined areas Alsq no proposed rule changesere presentedto accompany draft
boundary updatesThe2010drafts were also criticized because oétimaeased size of the draft
IHAs and the fact that inlet risk within the areas varied consideralhycomparison, when



defined as a simple box along the shoreline, the Ocean Erodible Area (OEA) component of the
Ocean Hazard Area (OHA) is like the Hi@dwe\er, the published erosion rates within the OHA
identify the relatively higher risk closer to the shoreline.

In response to the public comments on tB@10IHA drafs, the panel developed the Inlet Hazard
Area Method (IHAM) to define the IHA and temdify two risk lines that are calculated similarly
G2 GKS [/ w/ Qawak fioin inl¥ts, thit éXisfiry ®egetation line can be a useful indicator
of the longterm erosion trend offering several advantages in defining the Ocean Hazard Area.
However, themigrations andbscillations near the inlets makbke vegetation line too volatiléo

be an effectivemanagement toolA primary finding of tis report is thatthe vegetation line is
not a reliable reference feature focertain management purpsesnear inlets The dynamic
oscillations near inlets were found to be better represented by a fixbdyridVegetation Line
based on the most landward limits of all vegetation lines over the study péerlagScience Panel
recommends iked IHAdevelopmentboundaries, ke the Static Vegetation and Development
lines used fotarge-scale (>300,000 cubic yardsach nourishment projects

The IHAM defines the landward limit of the IHA by multiplyingy®@&xstimes the annual inlet
shoreline erosion ratemeasired landward fom the HybridVegetation LineThis calculation is

like that already applied in defining the landward limit of the Ocean Erodible Area and Ocean
Hazard Area outside the IHA.second line, the 3¥ear Risk Lindas been mappedimilarly to

the minimum oeanfront setback distance of 3iines the erosion ratéor identifying highe#risk
areas. Because inlet shorelines behave differently than #maet areas, there are several
important differences in how the erosion rates are measured and how they areeappli
mapping compared to the nemlet shorelines:

1 The alonghore boundary of the IHA is identified by an increase in shoreline change
variability compared to adjacent shorelitigat isnot influenced by the inlets.

1 The erosion rates were analyzed uslimgar regression, a statistical method that takes
advantageof the growing database of North Carolina shorelines @ad better reflects
the dynamic nature of inlets (rather than the endpoint method used in the OEA).

1 Time periods for analysis were seledton an inletby-inlet basis, based on the available
shorelne images that best represented the recent history of the inlet shoreline.

1 The IHAM assumes homogeneous, erodible sedimdmtgeas where the IHAM does not
reflect the influence of underlying eplogy and dune topography, the Panel used
professional judgment and their knowledge of each inlet to aid in the delineation of the
landward IHA boundary.

¢CKS YILA Ay (GKAA NBLEZ2NI LINBaSyd GKS tlyStQa
shorelhes where the inlet risk is equd or more important than e longterm erosion and

storm impacts Because inlet oscillations make the existing vegetation line a poor indicator of
future conditions, the proposed boundaries are fixed relative toltybrid-Vegetation LineThe
Science Panel on Coastal Hazards renends that the CRC considgodatingsubsequent IHA
boundaies every five years, to coincide witlpdates tooceanfront erosion rate and Ocean
Erodible Area bounda@s. This2019report is subnited as a replacement for the 2010 report on
thepl y S Qrimend@icha



1.0Introduction

Ocean and inlet shorelines represent the dynamic interface between sea and ldet
shorelines are constantly movinmder the combined and powerful influence$ nature (tide,
wind, current and waves) anéngineering practices (dredging, beach nourishment, inlet
closure/relocation, erosion control structureg)idal inlets are an importarsinddynamic feature

of barrier island coasts. Thegonnect ocean to soundpromote habitat, facilitate navigation,
improve water qualityand support recreation. Inlets may opeand close or migrate with the
alongshoresedimenttransport Althoughinlets areeachlocally uniquethey can be separated
based on dynamics some inéts migratealongthe coastwhile others oscillate back and forth
around a central positianin someinstances,an inletwill oscillate over the shosterm as it
migrates over the longerm.

1 Migrating Inkts move alongshore with the prevailing longshorarent and sand
transport, persistentlyaccretingon one side andorcing the other inlet shoreline to
erode. Migration rate will vary with the conditions and may reverse in direction

1 Oscillating Inletsan be identified by a muHyear reversing patterof erosion on one side
and accretion on the othelOver a period of yearsr decades the erosion patterns may
reverse.What was previously eroding recovers while the previous accretion disappears.
Oscillatiors are most often caused by shifts in the alignntef the channel through the
offshore bar as it naturally oscillates from one side of the inlet to the otherOscillating
Inlet remains irthe same generdbcationbecause of various reasagnshich may include
a natural balance in sediment transportinderlying geology scoured by relic river
channels or manmadeéredging

These migrations and oscillations affect not only the inlet shorelines between the two islands but
also oceanfront shorelinesear the inlets sometimes seemingly distant from the inld’rimary
AYyFEdzsSyO0Sa 2y (GKS 20St y¥F NP shdalahd\dd dyfiakis locatioisS 2 F
of the tidal channel¢hroughthe bar.In generalthe ocean shorelines near the inletave higher
long-term erosion rates than other ocean shdreds.In ananalysis of th@CM70-yearshoreline
database Rogers (2015¢xamineal shoreline change rates inside and outside P&nel® draft

Inlet HazardArea (IHA)boundaries statewideOfb 2 NIl K/ BINEniled of EhOraline77
percentof the shordine wasoutside the IH&Aand 23 percentvithin. Thenon-inlet oceanfront
shorelines were eroding at a median rate @ feet peryear, while the inlet shorelines we
eroding at4.3 feet peryear, orapproximately fiveimes fasterthan the noninlet oceanfront.
Ocean inlet systemare highlydynamic balancesvith waves and currents attempting to fill the
gap in the islandsbeing opposed bydaily tidal currents and periodic storms attempting to
enlargethe opening

One way to appreciate just how dynaminlets are is to examine their movement through time.
While difficult to slow in aprint report, it is easy to visualize online using the historic inlet atlas
animation developed by North Carolina Sea@rand available using the following link

https://ncseagrant.ncsu.edu/prograrareas/coastahazards/inletatlas/



https://ncseagrant.ncsu.edu/program-areas/coastal-hazards/inlet-atlas/

Shorelines inside the inlet can migratauchfasterthan other oceanfronshorelinesNew Topsail
Inlet has beenmigratingsouth at around 90det per year since the 19303viason Inlet was
migratingat 365 £et peryear before it was relocated and stabilized20@. Inlet shorelines also
oscillatemuch faster thamon-inlet shorelinesin 20134, Tubbs Inlebetween Sunset Beach and
Ocean Isle Beach widened from around 560 feettwe than1700 feet, widening by a factor of

3 in less than two year3.he inlet width has since been narrowing and is likely to return to its
previous width. Theseoscillatiors do not necessarilyncrease thdong-term erosion rate but still
add to the shorterm risk to developmentThe IHA is designed to identify these dynamic inlet
areas.

1.1 Esablishment of Inlet Hazard Areas

The establishment of Areas of Environmental @sn¢AECS)s authorized under the NC Coastal

Area Management Act (CAMA) of 19(@S 113A) forms the foundation of the North Carolina

/I 2FadFf wSaz2dz2NOSa /2YYAadaaArzyQa o6/ w/ 0 LSNYAGGA
Rules defire the OceanHazardAreaAECincluding three componentsl) Gcean Erodible 2) Inlet

Hazard and 3)UnvegetatedBeach(NCACL5A 07H.030% TheInlet HazardArea (IHA) AEC is
RSTAYSR +ta t20FGA2ya (GKIFIG aFNB SALISOALFffe @dzf
of sand, wind, and water because of their proximity to dynamic ockayit JNCA® £5A
07H.0304(A

The IHAMapsin use todayare based omanalysis byPriddy and Carraway (1978)hey utilized
aerial photograpbk spanning 1940 through 19%@ analyze 23 imts, of whichl9 are still active.
The number of photos at each inleanged from6 to 32. Measurements were made on the
photos themselvesvith a spatial resolution of 30@é& alongshore An inlet shoreline change
rate was computed usinigoth linear and gadraticequationsto determine the besfit shoreline
change ratedr each inlet Alandward limit to the IHA was establishatthe point wherethe 1%
chance that shoreline positiowould exceed the déned hazard area at any time withithe
decade (1978.988). At inlets where the regression methods could not be ystée IHA
boundaries were establishday using the methods of Fisher (1962, 196 )map previous inlet
territory. IHAboundaries were not designated for Masonboro Inlet, Drum Inlet, the ssegtern
side of Ocracoke Inlet, and Oregon Inlet because they eeciided from requirements listed in
the NC Coastal Plan (NC Department of Natural Resources and Community Development, 1977).
Thelnlet HazardAreas developedor the 19 developed inletsithe studyby Priddy and Carraway
were presented to the CRC asAlHoundary recommendations and adopted in 19K8nor
amendments followed in 1981.

In 1998, he CRC Science Pame Coastal Hazarddentified the need taupdatethe methodology
for defining the IHA (Oct 21, 1998 Science Panel meeting minat@s$)n their shortterm
recommendations to the CRC (Fisher, 1998)ed

Inlet Hazard Areas are coastal zones that are especially vulnerable to migration,
erosion, flooding, and other adverse effedf sand, wind, and water because of



their proximitytodynan® GARIf Ayt SGaod 91 OK 2F b2NIK

there are distinct differences in the history and behavior of inlets in different
coastal compartments of the state. Current Iniédizard Areas are based upon
original studies conducted over twiy years ago. The Inlet Hazard Areas need
revision to incorporate updated knowledge.

The Panel recommends that the delineation of the Inlet Hazard Areas be revised
after a review of sitespeciic studies of each inlet by a group of experts. The hazard
zore 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, extarinfluences such as jetties and channelization,
and increase@rosion extending along adjacent shorelines.

Laterresearcthasshownthat in additionto inlet migrationaddressedn the originallHAanalysis,
the oscillationsin the oceanshorelineadjacent to the inlet havealsobeena significantthreat to

developrent (Cleary 1999).After 40yearssomeof the inlets significantlychanged Threeof the

tidal inlets from the 1978 study have closed naturally: Mad Inlet, Old Topsail Inlet and

New/Corncakelnlet. New Topsailand Shallotte Inlets have moved outside the limits of the

originalIHAboundaries. Little Riverlnlet, locatedin SouthCarolingjust overthe SC/NGorder

hassincebeenstabilizedandno longerrequiresan IHAfor the NCside.

In 2004 the Science Panel on Coastal Hazards began working on rekisih¢A methods leading
to initial recommendationdy DCM to the CRI@ 2010.This effort stallechfter extensivepublic
comment in part becauseexisting IHA rulesvere perceived as beingverly restrictive in the
largerredefined areasPubliccommensonthe 2010draft alsoquestionedthe increasedHAsize
andraised concernghat inlet risk within thelHAvaried considerablyThe Science Panel, DCM
and CRC have agreed that IHA rules shbeldevised to better accommodate the oceanfront
exparsions proposed in the latest draft maps.

In 2016, theSciencePanelon Coastal Hazardwas again askedby the Coastal Resources
Commission talevelop a updatedmethodology to deheate inlet hazard @&as.The purpose of
this report is topresent that newmethodology, the Inlet Hazard Area Method (IHABRNd to
recommendrevised IHA boundariesfor the ten active and developedtidal inlets in North
Carolina The inletsconsidered includeTubbs, Shallotte Lockwood Folly, Carolina Beach,
Masonboro, Mason, Rich, New Topsail, New River, and Bogue Inlets (Figlihe Dape Fear
River Entrance and Beaufort Inlet are proposed to be separately manageukin &tate Ports

/

Inlet Management AE&nhd were not inalded in this report. The shorelines adjacenttdNR ¢ y Qa >

Bear, Barden,Drum, Ocracoke, Hatteras and Oregon inlets are publicly owned, with a low

potential for future developmentThusthey were not included in this report.

10



Figurel. Study area includes 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.
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To address public comments on the previously drafted 2010 IHlasRanel has developed the
recommendations in this report to be similar to the management resources provided in the
Ocean Erodibl&reacomponentof the Ocean Hazard Areéhe OEA is definday the longterm
erosion rates that vary along the shoreliriehe landward limit of the OEA is defined by a line
determined by multiplying@0 times the localannualerosion rate (or 2 feet/year180 feet if
greater) measured from the vegetation line at thime of construction. The largest buildings,
greater than 100,00 square feet, are required to be landward of the OEA.reflect the
increased erosion hazard closer to the ocearseaward line isletermined by multiplying30
times the local erosion rat landward of the vegetation linand usedas a setback line for
buildings smaller than,B00 square feet.

This report recommends simil&0- and 90-Year Risk Linesto define the IHA at each inleThe
Science Panel found that theegetation linedoesnot reflect longterm inlet changesbut that

the HybridVegetationLine, which ismapped from the same historical aerial photography as the
localerosion ratescan be usedTheHybrid-VegetationLine isa fixed line allowing th&0- and
90-Year Risk Lines to be mapped as fixed lines like the present IHA boundaries andatiious

fixed management lines available when larger beachfill projects are constructed (Static

11



Vegetation Lines, Static VegetationdsrExceptions and Development LineEhe results cover
a smaller area than proposed in 2010 and differentiate thie wgh two lines in the IHA.

1.2 Report Organization

This report is organized in four chapters with three appendic@sapter 2describes the
methodology usedChapter 3 describes the analysis ahd recommended IHA for each inlet
Chapter 4 providesescommendations.

Acronyms useth the reportare listed in Appendix AAppendix B lists definitions for key terms.
Appendix C prodies maps for each proposed IH&hich duplicate the IHA maps provided in
Chapter 3 but are larger in scale.

12



2.0Methodology

The Inlet Hazard Area MethdtHAM) was developed through close collaboration betweée t

North CarolinaDivision of Coastal Management (DCM) and/th2 I & G f wS & 2 dzNDS &
(CRCpcience Panein Coastal Hazardk defines a series of statistitand analytical steps to be
used todevelop an initial IHAThose steps artten confirmed ormodified based on additional
knowledge of each inlet.

ThelHAMmajor stepsinclude

1) Maphistoricvegetation linsand delineatea HybridVegetation Linghat represents the
landwardmost positionof all vegetation linesfor useas a reference line idetermining
the landward boundary of the IHA

2) Map shorelines and generate change rate and standard deviation of shoreline position
statistics

3) Use the standard deationto define thealongshore extent of inlet influence

4) Compute the 30- and 90Year Risk Lines which are mappedelative to the Hybrid
Vegetation Lins

5) Useprofessionaknowledge of inlet processegeomorphology anéngineeringactivities
to modify the IHA as needed

2.1 HybridVegetation Line:

Away from inlets, the existing vegetation lilea usefulreference featurefor the longterm

erosion trendHowever, he dynamic oscillationar higher variabilitynear inletsare not reflected
in the mast recent vegetation line and are better representedddyybrid-VegetationLine, which
isbased on the landward limits of tHastoricvegetation lines over the periodof study:.

The HybridVegetation LindHVL)epresents the landwaranost position of dlvegetation lines
mapped at each inlefFigure2). The HVIis most often a compositef landwardmost segments
from multipledates orin some instancemayrepresent only a single datéhe HVIs significant
because in aimlet environment where erosioand accretion can occur rapidiy representshe
landwardmost position of where the hazard once existédspatial 5transectrunning average
was appliedto blend together different date segmentby averagingeach transectHVL
intersection with the twotransects to theleft and right Figure3 is an example of the HV
computation from Lockwood Folly Inlet at Holden Beach.

In addition to providing an improved reference feature for defining the IHA, HVLwas the
most effective of several methods testdy the Panel to incorporate the higher variability of the
inlet shorelines ito the IHA boundaries

13



Figure2. The smoothed HVL (red line) is made up of landwaos$t segments of allegetation lines (green
line) by using a-fransectrunning average statistical method to smooth the raw HVL (yellow line).
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Figure3. Example showing individual vegetation lines (dgr&en lines), the rawlybridVegetation Line
(yellow line), which is the landwarthost pcsition of all vegetation lines, and the smoothétybrid-
VegetationLine(red line) using a $oint running averaget Holden Beach at Lockwood Folly Inlet
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2.2 Shoreline Data

DCM2 growing database of oceanfront and inlet shorelines facilitated thislysby allowing
many differentapproaches to be tried and testetllost of the shorelines usedwere mapped
using historic orthophotography to digitize the wety line(Figure4), considered a proxy for the
Mean High Water (MHW) linghreeshorelinegepresented the location of MHWeither derived
fromlidar (1997 and 2004), or NOSSheetsditherfrom the 1930 or 1940% Two studies carried
out by DCM (Limber et al., 2007a; 2001ujicatedthat the lidar-derived MHWIine could be
used interchangeably ith the wet-dry shorelines

Although shoreline data existibetween 1930 and 201@)e temporalfocushere ison shorelines
between 1970 and 2016 for several reasons:

1 Thel930 to 1940 shorelines were excludaidmost inletdbecause ofincertaintiesonthe
hydrodynamics at each inlaeissociatedvith the construction and maintenance dredging
of the Atlantic Intracoastal Waterway AIWW) and other waterways This specifically
affectedthe inletsin the southern portion of the Statevhereone to four shorelieswere
excluded
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1 Shorelinesbased on photographyaken immediately or within one yearafter major
storms or beach nourishment projectgere excluded
1 The primary imagery used welNC DOEhorelineimages between 1970 and 2000

These criterigesulted inthe number ofshorelines usedangngbetween10 and 24t each inlet

Oceanfrontand inletshorelinesvere analyzedalong a series of numbered, sheperpendicular

transects spaced @5meter (82-foot) intervalsusing! { D{ Q& S5A3JIA G f ysfeidi2 NBf Ay
(DSABWA (0 K 9 { w.IDGedto theMddvaturé of inlet shorelineshere there is a transition

from the oceanfroninto the inlet throat, transects were cast froamonshorebaselineto create

radial transectshat retained shoreperpendicular orietation and spaing These radidransects

were used to compute shoreline changes inside the inlet.

Figure4. Interpretation of the "wetdry" shoreline using orthophotography.

Interpreting the

“wet-dry” shoreline
using imagery
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2.3 Shoreline Change Rates: Linear Regression

DQM has calculatetbng-term oceanfront shoreline changerosion/accretionyates since 1979
using theend-point method whichis based on the change between tearliestand mostrecent
dates. Anyshortterm change betweerthose dates, no matter how sigraént, is notdirectly
captured Because inlet shoreliseare constantly moving and fluctuating position, the end
point methodis less effective ircapturing the dynamics of an inledr for quantifying its long-
term trends.Instead linear regressiona statistical measure usingultiple shorelineswas used
for this study(Thieler et al., 2009)

At each transect there are a series of shoreliteansect intersections that represent the
a4 K 2 NBdostigh $hédégh time Linear regressiominimizes the distancebetweenthe known
values (actual shorelingositiong and abestfit regression lingFigure5). The slope of this line
isthe Linear Regression Rate (LBRghoreline changer the local erosion or accretion rate

Figure5. Relative shoreline position as a function of tifoicleg. The slope of the best fitdotted line is
the linear regressiomate (LRR) of shoreline chan@e this caseit iseroding atl9 feet peryear).
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The benefis of linear regressin include (Dolanet al., 1991)

All data are used, regardless of e¢lgges in trend or accuracy
The method is purelycomputational

The calculation is based on accept&dtistical concepts

The method is easy to employ.

= =4 -4 -4

Althoughthe linear regression methods less sensitive to individual points, itsssceptible to
outliers; it assumes that the computed trend lisear, andit tends to underestimate the rate of
change relativeo other statistics, such as the emmbint rate (Dolanet al,, 1991; Genet al,
2007)

Once computed, the linear regression rate was tlsemoothed as describepreviouslyfor the
HVL (Figur); but instead of averaging Bansects, al7-transectrunningaverage alongshore
was used This follows the DCNblockingcomputationusedfor the OEA shoreline rates and
further smoothsthe alongshorevariation in the shoreline change rate.

2.4 Using Standard Deviation of Shoreline Position to Identifye Alongshore IHA
Boundary

ThealongshorelHAboundary represents the location along tbeeanfront shoreline where inlet
related processebegin tohave adominant influencecompared to other oceanfront processes
Since inlet shorelines are generally more dynamic than oceanfront shorelmesourdarywas
identified by usingthe standard aviation of shorelineposition and, to a lesser degreethe
alongshorevariation in theerosion/accretion rate (thdeRR between transectsThe standard
deviation of shoreline positiois a measure ahe extent of shoreline variation (i.e¢he back and
forth movementof the shoreling at each transect.

Figure6, which plots thealongshore variation in th8tandard Deviation and the LRRystrates
the methodologythat was usedTheinlet is on the righthand side whereas the leftand side of
the graphrepresents the nosinlet oceanfront shorelinef-or this locationtransect291 (vertical
dashed lineyepresents a sharp change in both péat lines.Tothe right oftransect291, the
shoreline isdominated by inlet hydrodynamicsnd to the leftit is dominated by oceanfront
processesTherefore transect291 isidentified as the bbngshore boundary for the Inlet Hazard
Areaon the left side of this inlet
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Figure6. The LRRand the standard deviatiomf shorelinesplotted relative to the alongshorgransect
numbers. Transects are spaced 82 feet (25 meters) apélte vertical dashed line dtansect291
separates inlet influence frortne oceanfront.
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25The30-and 90Year Risk Lire

The hazardisk varieswithin the IHA. D identify areas at greatenisk, the30- and 90Year Risk
Lines were developedbased on the inleshoreline erosiomates, similarly to theminimum and
maximumOEA boundaries, which are determinggmultiplying30 and 9Q@imes a setback factor
based on Boreline change ratesvith aminimum rate of changef 2 feet of erosion/yearWithin
the IHA, he 90YearRskLineis used to definés landward extent The location on each transect
is measured landward of theybridVegetation LineThe computation bthe 90 Year RskLine is
based orthe shoreline erosion rate (the LR&)a minimumrate of -2 feet'year if the shoreline
is accreting or eroding at a slower rate.

The 30Year Rsk Line is an intermediate line thatlefines a higher level of risk closer the
shoreline. It is computed similarly to the 9@ar Rsk Line, but by using a multiplier of 3@nd
measured relative to thélybridVegetation Line
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2.6 Modifications to the Gmputedinlet Hazard Area

The IHAM as described above worked well absinof the inlets, requiring no additional
modification.However, agriddy and Carrawa§l978)and Overton and Fisher (200#und in
their studes, the IHA defined for some inlets required additional modifications based on how
well the computedIHA fitthe unique character of each inleThis is not surprising considering
that the IHAM is basednly on historic shorelingositions, assumesiniformly erodible material

and assumeshat pastshorelinechanges can be used to estimate changes furtaadward
These are usuallybut not alwaysgood assumptions. Some of the issues considered included:

1 the stabilizing impact of engineering activities including the AIWW;

1 local geomorphology and underlying geology known to be less erodible;

1 locations within an inlet where the minimum erosion rate of 2eét per year was
considered unrealistic

1 migrating low-elevation ephemeralswash barswhich overly magnify the dynamic
nature of the inletandunrealistically impact the 3@nd 90Year RskLines;

1 instances where th radial transects within the inlet throat, when extended landward to
mark the 30 and 9Q@Year Rsk Lines, intersected with other transects, each with a
different erosion rate;

1 instances where the break in the standard deviation separating inlet influéooe the
oceanfront was notlear oroccurredtoo close to the inlet based on other observations
of coastal changeand

1 cases where30- andor 90-Year RskLines wereunrealisticaly mapped too far landward
based orknowledge of the recent stability of éhbarrier islandhat wasnot reflected in
the observed LRR.

In these cases, theanel usedheir professional knowledge of each inlet to aid in the delineation
of the IHAboundaries In somecasesthey refinedthe shoreline dates used in the analysis or
moved the IHA boundary to a more appropriate locatibased on the underlying geology
Specific details are provided in the descriptions for each of the inlets.
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3.0 Inet Hazard Area Recommendations

This chapter delineates the Inlet Hazard Area rec@mdations for each inleThe history of the

inlet is briefly describedThe relevant analysis details of the IHAM and any modifications are
outlined for each side of theiet.a I LJA f 20l GAy 3 GKS tIySftQa NBO2Y"
each side of thenlet are presented.Larger scale copies of these maps can be found in
AppendixC.

3.1 Tubbs Inlet

Tubbs Inlet is a relatively small migrating inlet that wa& 023y AT SR 2y S| NI &
Throughout much of itearly history the inlet migrated westwardlong an 8,60-foot pathway,

at a rate between 50 and 65 feet per year January 197@he inlet was relocated 3,200 feet
eastward to a position that appraxated its 1938 locatiorollowing relocation, the inlet began
migrating eastward toward Oceaslé.

Causes of the migration reversal are compiaaking the inlet difficult to predict. Around the

time of relocation feeder channels behind both sidestd# inlet were altered by dredging for

land developmentOther sections of the channels connectioghe AIWW shoaled and became
hydraulically less efficient. More recentigS Ayt SGQa YAIANI GA2Yy YI @& KI €
1980construction of the duahavigationjetties at Little River Inlethen 4 miles to the southwest

andthe natural closingdof Mad inletin 1997, then 3miles to the southwestThe inletshoreline

can be consideredt leastwidely oscillating and may be establishingigration to the northeast

When the existingHA boundary was established in 1979, shortly after the inled veéocated

there wasnot enough data at the time to forecast how natural processes and adjacent shorelines
g2dzZ R NBALRYR (@, sotkeSHMAbguhdany @a5 simidy imapPdd to £ncompass
both the new and former locations of the inlet.

3.1a Sinset 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 accretingslandsin North Carolina (Cleary Blarden, 1999. The northeastward
migrating spit on Sunset Beach retreat&tlO0 feet around 2013 but was quickly recovering by
2017.There are no erosion control structures on Sunset Beach.

Because of the relocation arttle dredging of feeder channels behind both Sunset Beach and
Ocean Isle for land development around the timiethe inlet relocation 1970 and 1971 data
were excluded, andnly shoreline datafter 1971(starting withthe 1981data set)were used in
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applying the HAM (Figures 7, 8)Theoceanfrontshorelineboundaryof inlet influence ignlet
transect210 (Figue 9) The 90Year Risk Line is the recommended landwholindary(Figure
10).

Figure7. Tubbs Inlet at Sunset Beach. Vegetation Lines mapped: 1981, 1992, 1993, 1998, 2003, 2004,
2009, 2010, 2012, 201¥egetation line segments migg up the Hybridvegetation Line1981, 1993,
1998, 2003, 2004.

Sunset:Beach

— Hybrid-Veg. (Smoothed)
; 0 ¢ 0.5 Miles
Hybrid-Veg. (Raw)

Vegetation Lines
Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figure8. Tubbs Itet at Sunset Beaclghorelines included in the analysis: 198992,1993 1997,1998
2003 2004 2006, 2008, 2009, 2010, 2012, 2016.

Sunset:Beach

Transects (Erosion)
0.25 0.5 Miles

- Transects (Accretion)
Shorelines

Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figure9. Based on standard deviation of shoreline position at Tubbs-Buetset Beacltiransect210is
recommendedas the inletocean transition boundanphegative LineaRegressiofates indicatesrosia,
while positive valas represenaccretion (ight axis)

Standard Deviation (ft) & Linear Regression Rate (ft/yr):
1981, 1992, 1993, 1997, 1998, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016
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FigurelO. Tubbs Inlet at Sunset Beaklgbrid-VegetationLine and the recommended IHA boundary with
the 30-and 98Year Risk Lines.
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3.1b Ocean Isle side of Tubbdet

Since relocationTubbsInlet has been migrating toward Ocean Isle at a highly irregular Téie.
inlet shoreline has been armored with sandbagarther northeast, the ocean shoreline has
accreted following the relocatiomhevegetation and shoréne data for Ocean Isle @ubbs inlet
areshown in Figures 11 and 12.

Using the IHAMtransect28 is the boundary of inlet influence (Figure 1®8)g recommended
landward boundary is the 9%ar Risk Line (Figure 14)
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Figurell. Tubbs Inlet at Oceasle.Vegetation Lines mapped: 1974, 1975, 1980, 1981, 1987, 1990, 1992,
1993, 1998, 2000, 2001, 2003, 2004, 2009, 2010, 2012, 2ebetation line segments making up the
hybrid-vegetation Line1980, 19811990, 1993, 2000.

X
Oceanflsle

— Hybrid-Veg. (Smoothed)
Hybrid-Veg. (Raw)

0.125 0.25 Miles

Vegetation Lines

Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figurel2. Tubbs Inlet at Ocean Isleh@elines included in the analysis: 1974, 1975, 1980, 1981, 1987,
1990, 1992, 1993, 1997, 1998, 2000, 2001, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016.

g
Ocean’lisle

Transects (Erosion)
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Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figurel3. Based on stagtard deviation of shoreline position at Tubbs Ia&tean Isle Beactransect28
is recommendeds the inletocean transition boundary along the shoreliddegative Linear Regression
ratesindicate erosion, while positive values represent accretion (r@gig).

Standard Deviation (ft) & Linear Regression Rate (ft/yr):
1974, 1975, 1980, 1981, 1987, 1990, 1992, 1993, 1997, 1998, 2000, 2001, 2003, 2004, 2006, 2008, 2009,
2010, 2012, 2016
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Figurel4. Map of Tubbs Inlet at Ocean Isle Beé&ftorid-VegetationLine and the recommended IHA
boundary with the 30and 9GYear Risk Lines

;u_p'bs Inlet at@cean Isle

[Legend

-,,IHA- 2018 Science Panel Proposed| 1

Feet
20:46 Background Imagery

Contact ken rchardson@ncdenr gov - 252-808-2608

3.2Shallotte Inlet

Shallotte Inlethasoscillating inleshorelines withoscillating oceanfront shetines on both sides

of the inlet It was charted as early as 1672eismic data from the nearshore area indicate the
inlet is a permanent feature related tihe paleachannel of the ancestral Shallotte River. Since
1938 the thrat position of the ebb (main) clhael has shifted within a 900 fe&tide corridor.
Although the position othe ebb channel within the throat has not changed appreciably, its
seaward portion across the bkidal deltahasshifted widely,approximatelyl3,000 feet across
the offshore shoal.

The historic reorientation and repositioning of the outer bar channel from the southwest to the
southeast facilitated changes in thaapeof the ebbtidal delta and its effect on the adjacent
oceanfront shorelines. SindeKS f I 4S mMdpcnQa G(KS So606 OKIyySt
SEESE directigrwhich has favorethe accretion along the Holden Beach shoulder that has led

to the bulbousshape of the western end of the island. By contrast, during the same intelneal, t
Ocean lIsle oceanfront shoreline hexgperiencedchronic longterm erosion.

29

K



When theShallotte inleiebb channel orientation is positioned towards Holden Beach, the updrift
shoulder of Ocean Isle experiences erosion (and vice vdiisa)ulbous shapef¢lolden Beach
shoreline has been present since 19the ebb channel becomes more westerthen this
accreted sand is expected to erod@cean Isle had the same bulbouspe between 1938 and
1958 before the ebb channel shifted and caused erosiohateastern end of Ocean Isléthe

ebb channel once again Hwients itself toward Ocean Isle, the bulbous shape will return to
Ocean Isle, and Holden Beach will erode.

In 2001, the Urmy Corps of Engineec®nstructed ebeach nourishmenproject alongl7,000

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 that exehéfom near the AIW\WV

seavard to approximately the 1foot depth contour.ln esgnce the borrow area created a new

ebb channel oriented perpendicular to the adjacent shorelines. The location of the Shallotte Inlet
channelg & o0l AaSR 2y KA&U2NARO LRaAGAZ2Yya& I,ywhHeh | £ A3y
seemed to have positive ipactson the east end of Ocean Isle Beach. The Shallotte Inlet borrow

area has been used to providandfor periodic nourishment of Ocean Isle.

3.2a Ocean IsIBeachside of Shallotte Inlet

Numerous sandbag revetments have been constructed along tB805ket of developed
shoreline adjacent to the inlet. Closest to the inlet the beach road is fb@&treet, B through
3" Streets having been eroded.

lf 6K2dAK (KS OKIFyyStQa YARLRAYG KIa obbtBy NBfT I
Ocean I€ Beachand Holden Beach have experienced erosion and accrefiba.impact of
Hurricane Hazelh 1954 caused the reorientation of the channel mrove ina more easterly
direction, which made Ocean IslBeachexperience accelerated erosiomherefore, shagline

data beginning in 1933 was used for the statistical ana({figires 15, 16)nlet transect291 is

the boundary along the oceanfront shoreline wherosion rates start to accetate approaching

the inlet, and inletprocesses starto affect the s NB t A Yy S Qraguré PaBedause of the

high erosion rates near the inlet (upwards of ~15 ft/yr), the Panel decided, based on the
underlying geology and surface dune topography, that theyO®Risk Line mappkeusing the
IHAM fell too far inland, i@ an area where an increased inlet threat is unlikely. TaeeP
recommends moving the 9¥ear Risk Line and establishing the landward limit of the
recommended IHA closer to the d@ar Risk Line (Figure 18).

! Updated on 04/27/20210 add clarity to the siection of transec291.
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Figurel5. Shallote Inlet at Ocean Islé/egetation Lines mapped: 1970, 1974, 1975, 1980, 1981, 1987,
1990, 1992, 1993, 1998, 2000, 2001, 2003, 2004, 2008, 2009, 2010, 2012/LfHt6tion line segments
making up theHybrid-Vegetation Line: 1998, 2000, 2001, 2003, 2a®B08, 2009, 2010, 2012, 2016.

Legend
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Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figurel6. Shallotte Inlet at Ocean Isle. Shorelines included in the analysis: 1933, 1938, 1944, 1970, 1974,
1975, 1980, 1981, 1987, 1990, 199993, 1997, 1998, 2000, 2001, 2003, 2004, 2006, ,220@9, 2010,
2012, 2016.
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Figurel7. Based on the standard deviationgiforeline positionandlinear regression of shoreline change

at Shallotte InletOcean Isle Beach, transe291is recommendeds theinlet-ocean transibn boundary

along the shorelineNegative Linear Regression rates indicate erosion, while positive values represent
accretion (right axis)
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2 Updaed 04/27/2021 tocorrect graph lablling andinclude nore details on selection of traect291.
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Figurel8. Shallotte Inlet at Ocean Isle Beddybrid-VegetationLine and the recommeded IHA
boundary with the 36vearRisk Line and modifie@D-Year Risk Lines.
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3.2b Holden Beach side of Shallotte Inlet

The vegetation and shorelinglata for the Holden Beach side of Shalloidet are shown in
Figures 19 and 2QJsingthe IHAM,transect170 is the boundaryof inlet influencealong the
oceanfront shorelingFigure 21)The accretional cycleaused byhe ebb channel alignment close
to the Holden Beach shorelingvhich beganin the 1970sresults in anunderestimateof the
difference ketween the 30 and 90Year Riskihes closer to the inletTo @mpensate for this
beginning atransect90, the Panel adjsted the landward boundary téollow the existing IHA
boundaryand toconnect with theinlet end of the 98Y¥ear RiskLine (Figure 22)
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Figurel9. Shallotte Inlet at Holden BeacYiegetation Lines mapped: 1970, 1981, 190293, 1998,
2003, 2004, 2008, 2009, 2010, 2012, 20HEgetation line segments making up thigbrid-Vegetation

Line:1970, 1981, 1992, 1993998, 2003, 2004, 2008, 2009, 2010.

Legend
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Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figure20. Shallotte Inlet at Holden BeacBhorelines included in the analysis: 1970, 1981, 1992, 1993,
1997, 1998, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016.
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Figure 21. Based on the standard deviation of shoreline position at Shallotte -khiédlen Beach,
transect-170is recommendedas the inletocean transition boundary along the shorelifNegative Linear
Regression rates indicate erosion, while positialues represent accretion (right axis).

Standard Deviation (ft) & Linear Regresssion Rate (ft/yr):
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Figure22. Shallotte Inlet at Holden Beatlybrid-Vegetationline and the recommended IHA boundary
with the 30 and 98Year Risk LineBlack dashed line indicat@sansect90 where thelHA boundary
was adjusted to match the existing IHA line (yellow dashed line).
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400 Commerce Avenue, Morehead City, NC 28557 Contact ken.rchardson@nedenr.gov - 252-808-2808

3.3 Lockwood Folly Inlet

Lockwoodrolly Inletlike nearby Shallotte Inlets an oscillatory inlewith wide oscillations in the
adjacent oceanfront shorelinest was charéd as early ad672 Seismic data from the inner
continental shelf suggest thalet is a permanent feature related to the palebannel of the
ancestral bckwoodFolly River that extends across the hard bottdominated shorefaceSince

1938 the throat paition of the ebb channel has shifted east and west within a 420Wide
corridor. Although 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 sstithe
acrossa 7,250 feetwide length of the oceanfront shoreline. Because of theomplex pattern of
movement of the ebb channel across the outer bar, the symmetry of the ebb delta has continually
been altered as has the protective waskeltering effect othe shoalson the ocean shorelines

The contrasting patterns of change along tHolden Beach and Oak Island oceanfront shorelines
RANBOGf & NBTESOG (GKS AyFftdzsSyOS 2F (GKS S606 OKI
changes of the ebtidal delta. In general, the prdominant historic southeasterly alignment of
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the ebb channel has promoted much of the lotgrm chronic erosion along Holden Beach
involving hundreds of feet of shoreline retreat and by contrast the hundreds of feet of
progradaton along Oak Island.

Lockwood Folly Inlet is an authorizédderal shallowdraft navigation project.The navigation
channel is periodically maintained by dredging.

3.3a Holden Beach side of Lockwood Folly Inlet

Vegetation and Isoreline data between 1978nd 2016 illustrate the effectsnothe shoreline of
low-elevationswash bars consistently welding orttte oceanshoreline near the inlefFigures
23, 24) The shoreline rore distant from the inlet has been erodinfandbagrevetments have
been installedo armor roads and houses alongDQ0 feet of developed shorelingdjacent to
the inlet.

Using the IHAMtransect477 is recommendedas the boundanyof inlet influencealong the
oceanfront shorelindFigure 25)Because use ohe 17-point running averagef the shoreline
change ratecan be problematic across a shargnsition betweereroding and accreting sections,
the Panel usedhe unsmoothed erosiormrates starting atinlet transect540 and ending at
transect547to establish the Risk LineEhe recomnended boundary of the IHA is the §®ar
Risk Lin€Figure 26)
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Figure23. Lockwood Folly Inlet at Holden Beach. Vegetation Lines mapped: 1971, 1978, 1988, 1993, 1998,
2003, 2004, 2008, 2009, 2010, 2012, 20%&getation line segmnts making up the Hybritfegetation
Line: 1971, 1988993, 1998, 2003, 2004.
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9 Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figure24. Lockwood Folly Inlet at Holden Beach. Shorelines included: 1970, 1971, 1978, 1988, 1993, 1997,
1998, 2003, 2004, 2006, 2008, 2009, 201,22 2016.
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Figure25. Based on the standard deviation of shoreline positenmd linear regression rate of shoreline
changeat Lockwood Folly Inldtiolden Beach, transe@77is recommendeas the inletocean transition

bounday along the shorelineNegative Linear Regression rates indicate erosion, while positive values
represent accretion (right axfs)

Standard Deviation (ft) & Linear Regresssion Rate (ft/yr):
1970, 1981, 1992, 1993, 1997, 1998, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016
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Figure 26. Lockwood Folly Inlet at Holden Beaklybrid Vegetation Linand the recommended IHA

boundary with the 30and 9GYear Risk Lines.
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Contact: ken.richardson@ncdenr.gov - 252-808-2808

3.3b Oak Island side of Lockwood Folly Inlet

Oak Island experiencestvereerosion between 1974 to 198€[earyandMarden 1999 causing
building failures and relocationgartial loss of the loop rogdand the construction of various

erosion control structuresAnalysis of longeterm data (197120m ¢ 0

RSY2y&aiaN GS

recovery resulting iextensivdongterm accretionSome of the lots that previously lost buildings
were redeveloped after 200@&everal of the new housdisat were threatened by a local shift in
the ebb channel in 2018 were armored with sandbagd/egetation and shoreline data for the

Oak Island side of Lockwood Folly Inlet are showkigares 27and 28.

Using the IHAMthe standard deviation suggestthat inlet influence extends to at least
transect85. However, he shoreline changepr LRRappears to be influenced and remains high
to transect70 (Figure 29)An accretionary dune feature exists centered around trangé3cand
the visible landward dipn the HVL ending at transe@D. Transec{70 is recommended as the
IHA boundary to include the accretionary dunes influenced by the ifile¢.recommended

landwardIHAboundary is the 9% earRisk Lin€Figure 30).
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Figure27. Lockwood Folly Inlet at Oak Island. Vegetation Lines mapped: 1971, 1974, 1975, 1978, 1979,
1980, 1987, 1988, 1990, 1993, 1998, 2000, 2003, 2004, 2008, 2009, 2010, 2012£p61Hion line
segments making up the Hybsidegetdion Lire: 1971, 1987, 1988, 1990, 1993, 2016

Legend
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Hybrid-Veg. (Raw)

0.5 1 Miles
L e R |

Vegetation Lines Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figure28. Lockwood Folly Inlet at Oak Island. Shorelines included: 1970, 1971, 1974, 1975, 1978, 1979,
1980, 1981, 1987, 1988, 1990, 1993, 1997, 1998, 2000, 2003, 2004, 2006, 200202002012, 2016.

Intracoastal Waterway

4

|

Legend

Transects (Erosion)
0.5 1 Miles

L S R |

Source: NC DCM - GIS - 2019 (2016 basemap photo)

- Transects (Accretion)

Shorelines

45



Figure29. Based on the standard deviation of shoreline positemd linear regression rate of shoreline
changeat Lockwood Follynlet-Oak Islandiransect70 is recommendedas the inletocean transition
boundary along the shorelindNegative Linear Regression rates indicate erosion, while positive values
represent accretion (right axis)

Standard Deviation (ft) & Linear Regression Rate (ft/yr):
1970, 1971, 1974, 1975, 1978, 1979, 1980, 1981, 1987, 1988, 1990, 1993, 1997, 1998, 2000, 2003, 2004, 2006,
2008, 2009, 2010, 2012, 2016
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4 Updated on 04/27/202 to include clarity for skection of transect70
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Figure30. Lockwood Folly Inlet at Oak IslaHgbrid Vegetation Linand the recommended IHA
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3.4 Carolina Beach Inlet

Carolina Beach Inlas an oscillatory inlet thatvas opened byprivate interests inl952, at a
location approximately 7,500 feet northeast of thevin of Carolina Beach. The inleas opened
along the closure zone of former Sugarloaf Inlet, a sheed inlet of the late 19 Century.
Carolina Beacinlet is an authoized Federal shallowiraft navigation project thatonnects the

open ocean and the AIWW through a shararrow andrelatively deep navigation channel. The
inlet also provides a connection to the Cape Fear River across the mainland via Snows Cut. Since
the 1970s a designated borrow arebas beerregularlyused as a borrow source farUS Army
Corps of Engineetseach nairishment projectalongsections ofCarolina BeactDuring the past

50 years the inner and outer segments of the main channel have shiftedrd Masonboro
Island as much as 4786d. After the opening of the inletthe adjacent oceanfront shorelines
alongboth Carolina Beach and Masonboro Island began to erode at rapid rates that ultimately
led to a significant landward offset of CarolinaaBle.As part ofthe US Army Corps of Engineers
project a rock revetment was constructed to protect the norther80D feet of development.

The chronic erosion was related to the reduced rate of shyphssingt the inlet as the ebb

tidal delta continued to impound sand. The reduced ratebppassingalso severely impacted
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updrift Masonboro Island, where the oceanfronagiretreated approximéely 500 fet since
1962.

3.4a Carolina Beach side of Carolina Beach Inlet

Vegetation and shoreline data for the Carolina Beach side of CaiBdiaahinlet are shown in
Figures 31 and 32Jsing the IHAMiransect1267is the boundry of inlet influencealong the
oceanfront shoreline(Figure 33) The 96Year Risk Lineis recommended as the landward
boundaryuntil it intersectswith the 1979IHA boundary closer to the inléd include the sand
spit along the inlet channéFigure 34)
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Fgure31. Carolina Beach Inlet at Carolina Beach. Vegetation Lines mapped: 1971, 1974, 1977, 1984, 1992,
1998, 2002, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2epetation line segments making up the
HybridVegetation Linel971, 1974, 1977, 1984, 1992, 199802, 2006, 2008, 2009, 221
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Vegetation Lines Source: NC DCM - GIS - 2019 (2016 basemap photo)
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Figure32. Carolina Beach Inlet at Carolina Beach. Shorelines included in the analysis: 1971, 1973, 1974,
1977, 1984, 1992, 1997, 1998, 2002, 2003, 2004, 2@z, 2009, 2010, 2012, 2016.
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Figue 33. Based on the standard deviation of shoreline position at Carolina BeactClautelina Beach,

transect1267 is recommendedas the inletocean transition boundary along the shorelindegative

Linear Regression rat@glicate erosion, while positive values represent accretion (right axis).
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Figure34. Carolina Beach Inlet at Carolina Bedfsibrid Vegetation Linand the recommended IHA
boundary with the 30and 9GYear Risk Lines.
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3.4bMasonboro Island side of Carolina Beach Inlet

Carolina Beach Inlet is bordered on the north by uninhabited Masonboro Island, a narrow, low
lying and dynamic barrier island characterized by extensive overwash, a 1954 breach during
Hurricane Hazeland awide backbarrier marsh. The entire island is affected by both Carolina
Beach Inlet and Masonboro Inlet to the north. This can be seen in the vegetation and shoreline
data shown in Figures 35 and,3hich illustrate the high ratesfoerosion occurring witin
Carolina Beach Inlet and along most of the oceanfront. The erosion is a consequence of sediments
not bypassing the Masonboro Inlet jetties from the norttcretion is occurring at the north end

of the island in an arethat is within the depositionafillet of and protected by the Masonboro

Inlet south jetty.

Using the IHAMhe standard deviation in shoreline position was examined along the Masonboro
Island oceanfront and it is high everywhebejnglowest at transec376 andincreasing toward
eachinlet (Figure 37)Based on that finding and considering that the¥&ar Risk Line falls into
the backbarrier marshthe recommendedHA extend along the entire length of Masonboro
Island (Figure 38
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Figure35. CarolinaBeach and Masonboro Inlets at Masonboro Islavidgetation Lines mapped: 1971,
1974, 1977, 1984, 1992, 1998, 2000, 2002, 2003, 2004, 2006, 2008, 2009, 2010, 2012egétHion
line segments making up the Hybiegetation Line: 1974, ¥9, 1984, 19982000, 2002, 2003, 2004,

2006, 2008, 2010, 2012, 2016.
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Figure36. Carolina Beachnd Masonbordnlets at Masonboro Islandshorelines incliled in the analysis:
1971,1974, 1977, 1984, 1992, 1997, 1992800,2002 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016
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Figure 37. Masonboro Island3andard Deviation of Shoreline Change and Linear Regression Rates.
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shoreline, therecommendedHA includes Masonboro Island in its entird§egative Linear Regression
rates indicatesrosion, while positive values represent accretion (right axis).
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Figure38. CarolinaBeach and Masonboro Inlets at Masonboro Islatytbrid Vegetation Line and the
recommended IHA boundary with the 38nd 9GYear Risk Lines

3.5 Masonboro Inlet

Masonboro Inletis a migrating inlet that is now stabilizdtiwasdocumentedon historic clarts
from 1733 and likely opened astorm inthe early 1700s approximately 7,65€et northeast of

its current location. Since completion thfe AIWW (ca. 1930) the inlet and the tidal basin have
been modified by a variety of projects WrightsvilleBeachdesigned to mitigate theceanfront
erosion dredge andandfill along the soundnd improve navigationln May 1950, a navigation
project was authorized by Congress that posed the construction of a #bot deep by 400-
foot wide channel across the éktidal deltaflanked by twirjetties and a series of access channels
to the AIWW.A sngle northern weirjetty was completed in 1966The south jetty was
constructedin 198L.

In the first decade after constructigothe north jetty trapped sand extendirag least a mile north
of the jetty with up to 400 feet of accretiamearthe jetty. Since thenthe low weir hastabilized
the ocean shoreline changes alyowing excessandfrom the northto betransportedinsidethe
jetty, preventing additional entrapemt north of the jetty.
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