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The purpog of this study is to update ocean hazard construction setback factors and Ocean Erc
Area of Environmental Concern; which are based lomg-term average annual shoreline chang
rates.



CONTENTS

LN LI RO ] L0 O I [ ] 6
Shoreling IdeNtfICALION..........iiiiie e e e e e e e e aa e e e eaaans 8
LI = 1 SY=To3 O o 1= Lo 10
0 (00 | A = PP 10

METHODOLOGY ... ittt e et e e e e e e e et e e e ea e et eaba e e e sebarasesba e essabaseseerans 13
Shoreline Preparations for Digital Shoreline Analysis System (DSAS).........ccccceveeeeee. 13
Baseline and Transect Preparations for DSAS.........coooiiiiiiiiiiiieeee e 13
Digital Shoreline Analysis System (D&#8)Statistical AnalysiS...........cccccveviveeieiennnnnns 15
LongTerm Average Annual Shoreline Change Rate Calculations.............cccoeeevveeeennn. 19

L1 1 S T 23
Barrier I1SIand SUMMAIIES .......coouuiiiiie e et e s e e e e s e e e seb e e s seaaeeaeees 30
BirdIsland and SUNSEt BEACK...........uuiiiiiii e 30
OCEAN ISIE BRACK.....ccue i e e e e et e e e raa e e eeee 32
[ (0110 [T g T ST=T= T o R 33
(@ = £ = Lo 35
Caswell Beach and FOrt CasWElL.........oooueiiii e 37
(232 1o I (ST To [ 51 F= g Vo X 38
%S 1 S QBiandFart FiISBr State Park...........ccccoveeeveeeeeeieeeeeieeeeeeeeere e, 42
[ T (ST Y= T o T 44
(OF= 1] [T F= T =T =T= U] o Y - L1
Y/ F= T 0] ] o Yo T {0 TN £ 1= T [T 47
WIHGhESVIlIE BEACKL. ... 48
Figure Eight ISIANd. .........oooiiiii e 50
(ST [0 2= 1T =1 o 51
TOPSAI BEACK. .....eeeiiiiiiiei e 53
SUIT Y. ettt ettt e oo e ettt et e e e e e e e e e e e e e e e e e e e e nn e 54
NOIh TOPSAI BEEAL........eueeiiiiiieiiiiiiiiee ettt e e e e e e e eanee e 56
(@153 L0V == o o 57

NE G Y QA ... L8 E Ly Rt 59
Bear Island (Bimmocks Beach State Park...............ooooviiiiii 60
[ LT = | (o I ] TR 62
Indian Beach & Salter Pathl..........ccoouuiiiiiiiiii e e 63
PNE KNOI SNOTES.... . e e e e e e e e e aaaaad 65
Atlantic Beach and Fort Macon State Patk.............c.viiiiiiiiiiii e, 66
ShaCKIETOrd BaANKS.......ccuuiiiiiiiie ettt e et e e e e s e e e aan e eaas 68
CAPE LOOKIL .......coeeieiiiiee e e e e e et e e e e e e e e e e e 69
(@ Tox r=ToT0] LCS TN £ F= 1o o N 14
(OF=T oLl o P2 11 (=] = = TP PPPTT 15



Cape Hatterag8nd BUXLON.............coiiiiiiiiiiiiieeeieeeiieeeeetteeese s 77

National Seashore (Outer Banks at AV.OMN)...........uuuurrriiiiiiiiiiiiiiisiesseeeeeeeeeeeeeeeeeaeaaeeennna d 8
National Seashore (Outer Banks between Avon and Salvo).............ccevvvvveevvvviivnnnnnnnnn. 80
SaAIVO 10 ROTANTNE ... .. e e e e e e e e eaes 81
NationalSeashore between Rodanthe and Oregon Inlet (Pea Island)........................ 83
National Seashore between Oregon Inlet and Nags Head (Boddie Island)................. 84
(NN F= To S0 L= Lo 86
Kl DEVII HIHIS ..ottt e e e e e e e e e e e e e e e nanneees 88
KLY HBWK . ...t e e e e e e e r e e e e e e e e e e 89
Yo 101 1] 4 IS g (=1 PRRPRPPRRRRR 91
13 T o PP 92
(@] o ]| = 94
(O] o] | F= R (o AN (S VAN > =T I 95
SUMMARY ..ttt ettt e e ettt et e e e e e e e s e s s b bbbttt eeeaaaeeaessannssbbbeeeeeaaaeeaeeaananns 97
LITERATURE CITED...... et e e e e e e e e et e e e e e e e e e eanaaeeens 98

APPENDIX Bomparision of Average Annual Lengrm Shoreline Change Rates from 2003,
2011, and 2018 Update Studies Using Early Shoreline and 1998, 2009, and 2016 Sharéines






Lb¢wh5!/ ¢Lhb

The purpose of this study is to updaieean hazard construction Setback Factors and the Ocean
Erodible Area of Environmental Concern which are basedhenongterm average annual
oceanfrontshoreline changeatess 02 YY 2y f & NX F S NNXBriviallii &tablished & S NP & 7
by the Coastal Resource Commission (CRC) under the CoastdM@&ragement Act (CAMA) in

1979,the longterm average annuahoreline changeateshave been updated periodically since

1980, with the last update studycompleted in 2011,and effective onJanuary 31, 2013
Oceanfront constructionSetback Rctors are used tosite oceanfront developmentand

determine thelandwardextent of theOcean Erodible Are®EA within the Ocean Hazard Area

of Environmental Concern (AEG)the area where there is a substantial possibility of excessive

shoreline erosion

The coast of North Carolina continually changes in response to wind, waves, and fluctuating sea
levels, asvell as human influences. These coastal processes redistribute sand within the dune,
beach, and nearshore systems. Geographic, geological and oceanographic differences collectively
influence sediment availability, distribution, and transport, which whettdr understood can

KSt LI G2 SELIXIAY gKé (GNBYyRa 2F SNRaAA2Y FyR | OO
shorelines. Both shoreaind longterm changes can be dramatically different depending on where
changes are measured and how mucheipasses between storm events. Factosed to try and

predict short-term changes are less understood than those affecting-tengn changes for a
variety of reasons. Shaterm changes are easily influenced by storm events and require routine
monitoring, analyses, and modeling using higdsolution datato anticipate changes and
anticipatewhere erosion will be the most extreme. Although factors affecting-iemg changes

are complex, the positions of the shoreline over ader period can reveatrends in shoreline

movement- unless beaches amourishedon a periodic cycl@NCDCM, 2016)

Because baches gain sand (accrete), and lose sand (erode) through a variety of natural forces
and human actionsand can erode apidly during a single event (hurricgy Ocean Hazard

Setback &ctors are established in an effad minimize losses of life and property resulting from



storms, longterm erosion, preventencroachment of permard structures m public beach
areas, preservehe natural ecological conditionsf the barrier duneand beach systems, and

reducepublic costs of inappropriately sited development.

Since the first study in 197@afun, Rogers, and Langfelder, 19102 NIi K/ | NHronk y | Q&

NS

shoreline change rates habeencalculated using thend-point method. This method uses the

earliest and most current shoreliseand shoreperpendicular transects, where the distance

between the two shorelines is measuratieach transect Raw shoreline position change rates

are then calculated byiddingdistancebetween the two shorehes (shoreransect intersect)

bytime, or number of yearbetween the two shoreline@~igure ). To calculate Setback Factors,
GKSaS RIGF FINB GKSYRGHFV2 NUKZYRY Idza OENI ASET | YR
shoNBf AyS asS3avySyidazx 2N aof201SR FNBIFaé¢ 0GKIG KI ¢

Technological advanc&s Geographic Information Systems (GIS) have made calculatemdof

point rates arelatively timeefficient processcompared to techniques employed in earlier

studies. Raw ed-point rates were calculatedsingd Y @A NRY YSy It {eadSya wS
(ESRIACGIS 10.8rcMapDL { a2F 0o NB 6AGK (GKS ! yAGSR {0 (S
Shoeline Analysis System (DSAS) 4.3.4{Bteler, Himmelstoss, Zichichind Ergul, 2009)
extensionfor ArcMap TheGIS toolrequires threeessentialspatial data map layersn early

shoreline,acurrent shoreline, and transect map layeperpendicular to the two shorelines



8 280 feet ; ! transect
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Figurel. This example illustrates a sheperpendicular transect where there is 280 feet between the early (1946)
shoreline and current (2016) shoreline, and a period of 70 years. The shoreline change rate in this example is equal
to 4 feet/year (where rate = dignce/time = 280/70 = 4 fi/r.). Since themost recent shoreline moved landward

from its early position, the results would indicate erosion.

Shoreline Identification

Wheninterpreted from aerial photographyp 2 NIi K/ | N2t Ayl Qa 20SIFyTNRY
the awet-dry lineé. ThisdineA y ( K $fer@rices Bréintermtation wherethe wet sand ends

and the dry sand begirend is typically distinguished bgontrastingsedimentcolor or shade

KSy OS -drg gFfyiires 2 and3). Wet-dry shoreline interpretation is the most readily
identifiable and considered in the worst case @ between high and low tide@.g, Crowell,
Leatherman, and Buckley, 1991; Dolan R. , Hayden, May, and May, 1980; Overteishard

2003)
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Figure3. Wet-dry shoreline interpretedising imagery.

The early shorelinased in this studys also thesameshorelineusedin 20030verton and Fisher
study, andthe 2011 NC Division of Coastal Management (D§iies andvasdigitized by the
North Carolina State University (NCSU) Kenan Natural Hazards Mapping Pibggprasentsa
composite ofboth Mean High Water (MHW}¥horelinesdigitized fromNational Ocean Survey
Topographic Surveys (NOSHeets)(19331952) and wetdry line interpretationsmade from
historical (19461962)imagery(Overton andFisher, 2003). Use of NOS-3heet shorelines is



accepted by other researchers and has been adopted by the USGS in their shoreline erosion
studies. A statewideet ofNOST-sheets for a single year do not axitherefore, early datesio

vary between 1933 and 1952For approximately 30 miles of thelsti SQ& 2 OSIF yFNR VY U
(north of Oregon Inleto North Carolina/Virginia State lipnd-sheets were not available when the

early shoreline was digitizedFor this portion of the coast, a collection exdrly photography
(1940;1962)was used to digitiza wetdry shoreline. By using thisearly shorelineconsistent
comparisons aeachtransectcanbe made betweerthe multiple shoreline changeate studies
(Appendix B)

The most curent shorelineused inthis studyis a wetdry interpretation digitizedat a map scale
of 1:1,000utilizing 2016 North Carolinacolor imagery(6-inch pixel esolutior). However, &a
Onslow Beach and NP 6y Q& L af | y RrieterdHpixeh resoldtivhl) HaSviaiBable cand

useddue toanimagery data gap in 2016

TransectLocatiors

Transects used in this study agenerallyperpendicular to the shoreline, spacé meters
(approximatelyl64 feet)apart, andspatiallyconsistentwith those used in the 1992003 and
2011updatestudies It is expected that they aralsospatiallylike those established by Dr. Robert
Dolan in his earlghoreline erosiorrate studiessince they have similar spacimmd endpoint
coordinates(Dolan, Haydenand Heywood, 1978)however, it is not possible to confirm since
they did not exist in a digital form prior to the 1992 stu@vertonand Fisher, 2003) Fa this
reason, onlycomparison of ocean hazard Setback Facfoosn this and earlier studiesanbe

made, and not thectual shoreline changates

Study Area

b2 NIi K / wan@bniingtedCbarrier island coagti is defined by a seriesf prominent
cuspate forelandsGape Fear, Cape Lookout, and €&jatterad (Hoyt, 1971)and embayments
(Long Bay and Onslow Bayith approximately 320 miles of oceanfront shoreliffeégure 4)

10



Approximately 66% of this shoreline is located predominateeastfacing beaches, while 34%

are on southerhfacing beaches

Beaches in North Carolinare in a state of constant fluctuain due to normal erosional actions

2F GAYRI 4l 0SNE YR aAaSRAYSYy(d adz2li ed ¢KS NB:
NBE3IINRAYI aSRAYSY( adzlllld ey b2NILOK /FNREtAYIlFQa
than the steeper, sedimeftoor souttS Ny O2 1 a0 ® b2NIK [/ F NRfAYl Q& ¢

<«

complex barrier islands, shoreface orientation, and inlet systems also influence the sediment
0dzZR3IASG A Y2y 3 ( RBgsXiAnds2008omeTrleBd, K@ axampleend to
migrate in the same general direction over time, while others oscillate back and forth. This
difference influences whether the beaches adjacent to the inlets experience chronfordr s
term erosion o@ccretion angresents enormous management challenges and costs for property

owners, local governments, and the state.

In 2016 anrual significant wave heights LongBayranged 1.1 to 18.2 feet and averagad
feet atbuoy station 41108in OnslowBay heights rargd 1.2 to 21.2feet and averaged.5feet
at buoy station 41159and north of Cap Hatterasheightsranged 1.Go 17.7 feet and averaged
4.0 feet at buoy station 4410MNational Oceanic andtmospheric Administration, 2018 ih one
study using 2006 NOAA daf@imber, Listand Warren, 2007a,)semidiurnal tides rangkon
average from approximately.3 feetalong the northern ocast to approximately 4.9 feetear the
North Carolina/Sothn Carolina borderRegional and local beach morpholagycontrolled by a
combination of prevailing oceanographic conaiits (Ashton, 2001) periodic storm evets
(Morton and Sallenger, 2003)inletrelated processeqFensterand Dolan, 1996) and by
underlying,antecedentgeology(Riggs, Cleargnd Snyder, 1995)

11
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Figure4. Study Area

The following sections detail the methodology and summarize findings for each island or
oceanfront town starting at Sunset Beach in the south and endintdpe north at the North
CarolinaVirginia state line.Large maps (11 x 17 inch) are in Appendix A, and graphs illustrating

rates calculated in this study relative to those calculated in the 2003 and 2011 studies are in
Appendix B.
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ShorelinePreparations forDigital Shoreline Analysis SysterDSA$

Prior to the release of DSAS v4.2, shorelines were requiree thgitized with thesamespatial

orientation. For example, whedigitizinga shoreline oran eastwestbarrier islandall shorelines

were requiredto consistentlystart from either the east or west side of thislandso that each

would have the same spatial left and rightientation. With the release oDSAS v4.2, this

digitizing requirement was no longer necessary. DSAShivesverrequiredata tobe managed

within a personal Geodatabase in meter units in a projected coordinate system (Universal

Transverse Mercator)In addition, there argpecfications for naming and formtéhg attributes

for shoreline, transect, and baseline GIS data

Shoreline dataequired 5! ¢IOY R & ! b/ 9we¢! Lb ¢ ¢ K ST & 8cldRt@esthe | 6 f S

shorelinedate and is referenced by DSAS when calculating the erosion aaterding to the

distance divided by timgormulal

YR GKS

G ! b /aGceunts fob mositibnal T A St R

uncertainties associated with natural influences (wind, waves, tide) or digitizing and

measurement uncertainties. Thes$ields mustbe created in GIS using th@rmat shown inthe

table below

Attribute Name

Attribute Data Type

Fomat

DATE

Text

Field length = 10
Format = mm/dd/yyyy

UNCERTAINTY

Any numeric field

Double (ised in this study

Tablel. Attribute fields required by DSAS for shoreline GIS data.

Baseline andlransectPreparatiors for DSAS

Transects used in this study are believed to be geographicafigistentwith those defined in

NCQa FANRG S NBRféanARbgersNdLan@eldar[il878];®olan, HaydamndHeywood,

1978),and utilized in subsguent update studiethereafter. However, ot until the 1992 update

study (Benton, Rllis, Overton, Fisher, Hench, abdlan, 1997Were thesedata were used in a

13



GIS avironment, and not untithe 2003 studyOverton and-isher, 2003phat they were created

as vector Gl8ata

DSASlJoes requiretransect data to haveseveral attribute field associated with each unique

identifier: OBJECTID, SHAPE, BASELINEID, GROUP, TRANSORDER, PROCTIME, AUTOGEN, STA
STARTY, ENDX, ENDM,AZIMUTHThieler, Himmelstoss, Zichichind Ergul, 2009 Table 2)

When transects are cast from a baseline thetglautes fields are automatically generatety

DSASFor transects not cast using DSAS (i.e-guisting transects like those used in this stydy)

a few attributes (BASELINEIROUPand TRANSGRDERare defined by the analyst gor to

initiating the calculation

Attribute Name Data Type Purpose

DSAS can assign these values i
left empty. Baseline segments
with an ID equal to zero witle
ignored by DSAS; no transects
cast andwill not be included in
the analysis

Values in this fieldre assigned
by DSAS and are based on anal
input for grouping transects.
This field is used to aggregate
shoreline data and the resulting
measurement locations
established by the transects inta
groups.

Can be assigned by DSASthe
analyst. Each transect must ha
TRANSORDER Long Integer its own unique number. This
field is used to sort transect datg
in a predetermined order

BASELINEID Long Integer

GROUP Long Integer

Table2. Attribute fields required by DSAS for transect GIS data.

DSAShaselines are digitizedybthe analyst and serve as a starting point for casting shore
perpendiculatransects andan be digitized either onshore or offshatan offsetdistancefrom
all shorelinedefined by the analyst. Althoughis studyusedpre-existing transectsDSAStill

requires a baseline to be specified and contain specific attrib(feble 3)

14



Attribute Name

Data Type

Purpose

ID

Long Integer

DSAS uses this value to
determine the ordering
sequence of transects when the
baseline contains multiple
segments.

Group

Long Integer

Used for data management
purposes to aggregate transect
based on physical variations

alongshore (i.e. shoreline type)

OFFshore

Short Integer

Used by DSAS to determine
which direction to cast

GN> yasSoiao !
indicates that thebaseline is
onshore, or landward of the

Ay Lizi aK2NBt Ay
indicates that the baseline is
offshore, or seaward of the
input shorelines.

CastDir

Short Integer

Used in conjunction with
GhCCaK2NBEPe !
result in transects beingast to
the left of the baseline based ol
asSavySyi Ft260
will result in the transect being
cast to the right of the baseline
based on segment flow
direction.

Table3. Attribute fields required by DSAS for baselBkS data.

Digital Shoreline Analysis System (DSAB) Statistical Aalysis

As previously mentionedl datausedmust be managed within a Personatdélatabaseusing
ArcGIFArcMap and ArcCataldpg The ®@odatabasas a Microsoft Access® database designed to
store and servepatialdataandprovidesdata structure to enforcéopology rules, or spatialata

relationships. Additionally, DSAS requidegato be in meters, rather than fedfFigure 3. For

purposes opresenting results in this report, data are converted from meters to feet.

15



Personal Geodatabase |
- shorelines
- transects
-baselines

. 2

Step 1.
Set Default Parameters
- transects

\

-shorelines

- baseline (if required)

.

( Step 2. )
Calculate Change Statistics

- choose transect layer
- Select statistics to calculate

(end-point)
\ J
( Step 3. )

Calculations begin
- checks to validate transect layqr
- checks required fields

-when validation is complete,
measurement locations create(

\ J

h

OUTPUT to Personal Geodatabgse
- table (use "join" to include
output in transect attribute table

\

J

Figure5. DSAS Workflow

Once the data werestored in the Geodatabase angroperly attributed, DSASs used within
ArcMapas a GIS Extensida calculate shoreline changates. First, datgparameters were
establishedby opening theSet Default Parametersser dialog (Figuse6 and ¥, then selecting
the Shoreline Calculation Settinggh. Required parameters include identifying the shoeelin
layer, selecting thedate OATE and uncertainty fields(default 4.4 meters) then selecting

Intersection Parametersglosest Intersection The intersection point defines which part of the

16



shoreline to analyze where a single transect might interieetsame shoreline twicee(g.inlets

and spits). Closest Intersection was selected to avoid using shoreline segments not considered

to be oceanfront.

DSAS Toolbar

ﬁ ¢ Transect Layer: _'_I e x n A

Figure6. DSAS toolbarSet/Edit Parameters

Set Default Parameters

Cast Transect Settings  Shoreline Calculation Settings | Metadata Settings |

Shoreline Parameters

Shoreline Layer |Shoreline_Dceanfronl_EP_earIy_ZIJDS L]

Shoreline Date Field |DATE_ |

Shoreline Uncertainty Field [UNCERT_M |
Default Data Uncertainty I +/- meters

Intersection Parameters

* Closest Intersection " Farthest Intersection

Log File Output
" Reqular " Extended " None

Cancel I 0K

Figure7. DSAS Set Default Parameter

Transect dataayer wereidentified using theDSAS Toolband selecting it from th@ransect
Layerdropdown menu(Figure 8) Thismenu will only list qualified transect layers from the

ArcMap document. If the transect layer is not properly attribut@®ASELINEID, GROUP,
TRANSORDERWwiIll not be recognized as a qualified option.

17



DSAS Toolbar

-

Figure8. DSAS toolbag will list qualifiedtransect layersvithin ArcMapproject.

With default parameters established aadransect layer identified, the last step is to select th
output statistics (Figur®9 and 1Q. Once theCalculate Change Statistidmlog window opens
the only requirements are to: 1) selestatistics to calculate?2) apply confidene interval

(accepted default 95 perceptand; 3) start calculatioralgorithms

DSAS Toolbar

& < Transect Layer: [

Figure9. DSAS toolbarCalculateShoreline Chang8tatistics

Calculate Change Statistics E]@@

‘ Select Statistics to Calculate

[ ] [DSASCore | Distance Measurement] SCE: Shoreline Change Envelope

[ ] [DSASCore | Distance Measurement] NSH: Net Shoreline Movement

B (0545 Care | Poit Changel EPF: EndPontRale
[DSASCore | Regression Statistics] LRR: Linear Regression Rate
[DSASCore | Rearession Statistics] WLR: Weighted Linear Rearession
[DSASCore | Advanced Statistics] LMS: Least Median of Squares

- Additional Parameters

[ Apply shoreline intersection threshold: I What's this?

_ Confidence Interval a.
Pick: ISS‘Z vI or, type: | % Clear

Cancel/ExitI Calculate I

A

Figurel0. DSAS Calculate Change Statistics



Longterm average annualshoreline changerates were calculatedat 9,802 transects
(approximately 303nilesof shoreline) No rates were calculateat 66 transects (approximately

2 milesof shoreling because oft YA & a Ay 3¢ & K2 NBf Ay SheahdraliveSaal & ¢
are specific to areas where inlets hasiher closed €.g. Madd, Corncakea 2 2 NJBnd ®Id
Topsailnlets) orhavechanged sigificantlydue toaccretion or erosiorfe.g.New Topsail Inlet at
Topsail Beach)For example, Wwere early datanight showa shorelineat an active inletcurrent

data will show a complete shorelinghot separated by channei) the inlet has closedthus,

resulting in only one shoreline for that specific location

DSAS generateaw end-point shoreline change ratdataas a table iside theGeodatabase.To
perform spatial queriesthe tabular data musbe joined to the transect GIS datay common
attributes (TRANSORDEBRd OBJECT)isingArcMgp. Additional data processing (smoothing
and blocking) requiredata to be imported irto a Microsoft Excel 20®spreadsheet to take

advantage of its availableath functions.

LongTerm Average Annudgbhoreline Change Rateéalculatiors

Smoothing

Smoothingraw datahas been applied iall previous studiesand effectively filters shorterm
dynamic shoreline phenomena such as beach cusps, smaller sand waves, and the attachment of
landward migrating portions of offshore bar systems. Cusps and similar featurgs in size

from approximately 5 feet to 5,000 feand have a life span ranging from days (smaller features)

to seasons or years (laagsand wavesjDolanand Ferm, 1968) (Davis, 1978Bars generally

range around 328 feen length with migration and attachment rates ranging from seasons to
years (Duais, 1978). Variations associated with larger, lonyedl| features such asapes are

not filtered by the smoothing.

The procelure for spatially smoothinghorelinechangerate data is a simple moving average, or
running mean technique described Bavs, 1973.Commonly ¥ S NNB R -painrunnidg a m T
I @S Nthd &ehhiqueby default consistsf at least 17 transects (approximately 0.5 mitds

19



shoreling, andan average is calculated feach of the 17 transects, each timentered on the

ninth transect(with 8 transects on each side)This spatially SN} ISR @I f dzS A &
rate.£ Approachinginlets, the number of transects used in the average is decreased by two
(dropping one from eaclside of the centered transect calculatipnntil the end 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

As can be seen in Figure I#sults from smoothing are mosioticable in areas experiencing

accelerated erosion or accretion.{.near inlets).

Blocking

¢ KS G S OK yoskingz8nmo@hedraée @ata creates spatially uniform rate segmentsn
other words, blocking groupseighboring transects along the same shoreline segrtfeatthave
similar smoothed shoreline changeates This allows for management of like sections of
shorelire that have thesame or similar shorelinehangerates, rather than having to refer rates

at each individual transect.Blockedshoreline change rate data serve as Setback Factors
(historicallyreferred to asterosion rates), andusedto calcualte theconstruction setback within
Ocean Hazard AE@ndto calculate thelandward boundary of the Ocean Erodible Area (OEA)
(Figure 11)

Blocking procedures, itemized below, represent refinments and clarifications of procedures
establishedby and used in all prewgius update studies. These refinements and clarifications are
the result of improved accuracy of the data brought about by improvements in the shoreline
delineation methodology and quantitative requirements that allow for increased repeatabiltiy of

results Transect spacingas reduced from 328 (100 meters) and 984 feet (~300 me{&@80

20



Dolan study) tdl64 feet 60 meterg in subsequent studies; and the 2003 Overtorand Fisher
update studythe minimum number of transectequired for blocking waseducedby half from
16 to 8. In areas experiencirayn accelerated change iates, this refirement resultedin smaller

blocked groupsThe following list describes the proc&ss 2 NJ ak lNddking & £

1. D NP dzLJ emoddioh fiat€ segmentisased on rate at transede.g.,2.0, 2.2, 2.1, 2.5, 2.6,
2.1, ... 2.9anduse the mean of each segmentthg blockedrate. Transitioningt one-
foot intervals are prefered for rate block boundaries. Fractional rates are rounded down
to the nearestfoot, or half foot interval for segments dominated by a half foot value and
do not have values greater than the next highest one foot inter(@aly, a rate segment

equal to 5.4 would be rounded to 5.0; and 5.7 would be rounded to 5.5).

2. Blocked shorelia changeate segmentsnust becomprised oft least eight (8) transects
In areas experiencing rapid erosion or accref@uy.,approaching inlets)it isnot always
possible achieve a orfeot transitionfrom one blocked ratesegment to the next, thus
making it necessary to evaluate segnts based on itmean sothat transitionsfrom one

blocked segement to the nextasasnearto the one-foot intervalasfeasible.

3. In areas where blocked segments transition from one value to anothgt from 3 to4
feet per yeaJ a determination must be made to select the transect that will serveaas
delineation between the change in values. The lower rate would be applied towards the

higher blocked segment

4. Where two blockedboundaries meet and divide @groperty or parcelthe lower of the
two blockedratesis appliedn thedirectionof the higher raten orderto give the propery
owner the benefit of the lower rate Where a large parcel containing mefiéimily
structures was divided by a transition dnadary, the laver of the two blocked rates is
applied towards the higher rate so that no structure was spid alsayiving the structure

the benefit of the lower rate

21



5. For segmentghat result in measured accretionr where measured erosion rateseless
thantwo (2.0) feet per yearthey are assignethe default minimuma blockedate value
(Setback FactoQf two (2)in accordance with the minimum Oceaazérd setback of 60
feet, or 30times the Setback Factor based on blocked shoreline chaatge (15A NCAC
07H .0306(a)(2)(A)

Ocean Isle Beach (raw, smoothed, & blocked data)

Tubbs Inlet negative (green) = accretion, positive (red) = erosion Shallotte Inlet
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1944 and 2009 shorelines (~ 65 years)

Figurell Example of Raw (points), Smoothed (solid green and red line), and Blocked (solid black line) data
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A statistical summargf the blockedshoreline changeates(Setback Factorsyas calculated for
this study just as donen previous studies These dta arepresentedin below (Table 4. The
percentages of shorelineare computed by dividing the number of miles of shorelim@ppedin
a given categorye(g, Acaeting) by the total number of miles of shoreline in a categag(
south-facing) For purposes of this stugyt &4 2-8z(OK y 3¢ oS OKS&a | NS RSTA:
shorelines, or beach faces, generally perpendicular and between &@#hand SouthVest
(135°¢ 225°T & K A SO xyS3 €4 (16 S EdsBaidgouth EaN 43¢, 135°).

Statewide, the average blocked erosion rate valoe setback factor i8.7, which isa slight
increase(<1.0ft.) relativeto the average (3.4) calculated in tt2911 DCMipdate study using
the 2009shoreline. The averageshoreline change ratéor this study was 2.1 feet per year

(erosion) and the median was 1.6 feet per ydarosion)
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Shoreline Length & MeasureHrosion and AccretioRRate

Comparison

Table: 4A

South-Facing

Beach
Miles (% of total
shoreline length

EastFacingBeach
Miles (% of totabf total

shoreline length

Statewide Totas
Miles (% of total
shoreline length

Miles of Shoreline
Mapped &Analyzed

1037 (34.1%)

200.8 (65.9%)

304.5

Measured Accretion

45.8 (44.2%)

53.6 (26.3%)

103.7 (34.%)

Measured Erosion 56.3 (54.%0) 147.1 (72.2%) 200.9 (65.4%)
No Output(missing one of] 0 0
two shorelined 0.8 (<Pb) 2.8 (1%) 2.8 (>1%)
Shoreline Change RatgtatisticalComparison
Table: 4B SRUIEEIE EastFacingBeach Statewide
ELEEE (ftiyr) (FAyr
(ft./yr.) YL YL
AverageShoreline Change 2.8 ftlyr. <1.0ft/ yr. 2. 11t/ yr.
Rate (ft/yr.) (erosion (erosion) (erosion)
Median Shoreline Change <1.0 fthyr. 2.5 ftlyr. 1.6 ft/yr.
Rate (ft/yr.) (erosion) (erosion) (erosion)
Setback Factor ComparisdMinimum = 2 feet)
Table:4C Sogggfﬁ N9 EastFacingBeach Statewide Tota$

Miles (% of total
shoreline length

Miles (% of totabf total

shoreline length

Miles (% of total
shoreline length

Setback Factor

(=2 ft) 76.5 (73.80) 98.3 (49.00) 174.6 (57.%0)
Setback Factor
(between 2.5 &5.0 ft) 13.0 (12.86) 52.9 (26.%0) 67.1 (22.2%)
Setback Factor
(between 5.5 &8.0 ft) 9.5 (9.26) 29.7 (14.80) 38.7 (12.%0)
Setback Factor
(>8.0 ft) 3.9 (3.80) 18.5 (9.26) 22.7 (7.46)
Average Setback Factor 3.0 40 aE
(ft)
Median Setback Factor (ft 2.0 3.0 2.0
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Table4. Summaryof shoreline change rates and Setbaekters. (4A) Summarizes length of shorelimeapped and
analyzedand percenages of shorelire whereeither accretion or erosionvas measured (4B)Summarizes average
and median shoreline change rates for south and €asing beachesand statewidetotals. Although these values
do include all measured accretipthe statewide valug reflected erosioroverall (4C)Summarizes length of
shoreline and percentage of the total shoreljraand itscalculated Setbacka€tor. Because omigrating or closed
inlets, not all locations near inleted two shorelies (no early or 2016 shoreline). As a reshb,analysis could not
be performedfor less than 1% of the total study are@herefore, lengths and percentages in Table 4 when sumrr
may not always equaone hundred percent It is important to note thatthe minimum setback factor is 2 as
referencedin Rulel5A NCAC 07H.0306(a)(2)(A)setback factor equal to 2 means that erosion is less than two {
per year, or accretion was measure&etback factors greatenan 2 do correspond to calculatedosion rates.
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2016

South Facing
Miles (% of total)

2009

South Facing
Miles (% of total)

Change (miles)

Miles of Shoreline 1037
Mapped/Analyzed (34.1%) 103.9 0.2 (derease)
Setback Factor 76.5 77.3 0.8 (decrease)
(2 ft) (73.8%) (74.4%) '
Setback Factor 13.0 13.8 0.8 (decrease)
(2.5t0 5.0 ft) (12.2%0) (13.3%) '
Setback Factor 9.5 9.0 0.5 (increas
(5.51t0 8.0 ft) (9.2%0) (8.7%) '
Setback Factor 3.9 3.6 0.3 (increasp
(>8.0 ft) (3.8%) (3.5%) '

Table5. 2018update studysummary of blocked shoreline change rat8gt{back &ctors), and comparison change
from previous study (20)1for southfacing keaches This table i@n illustrative comparison of total length of
shorelinemapped andanalyzed and its calalated constructioo Setback Factor, lere sixty feet is the minimum
construction setback (2 ft. x 30 = 60 ft.). Length shown inthe row laldefe§ (i 6 I O] & lin@usi2eddledgih
of all accreting sections of shoreline, and those calculateceterbding at two feeper yearor less

EastO égcing EaitO Igzcing Change (miles)
Miles (% of total) Miles (% of total) | O 2009 to 2016
Miles of Shoreline 200.8
Mapped/Analyzed (65.9%) 203.5 2.7(decrease)
Setback Factor 98.3 112.8
@ ) (49.0%) (55.4%) 14.5(decrease)
Setback Factor 52.9 48.3 4.6 (increasp
(2.5t0 5.0 ft) (26.2%) (23.7%) '
Setback Factor 29.7 22.4 7.3(increase)
(5.5t0 8.0 ft) (14.8%) (11.0%) '
Setback Factor 18.5 17.2 1.3 (increasp
(>8.0 ft) (9.20) (8.5%) '

Table6. 2018 update studgummary of blocked shoreline change rates (setback factors), and comparison of ct
from previous study(2011) for easfacing keaches. This table &n illustrative comparison of total length of
shoreline mapped and analyzed, and its calculated construction Setback Factor, where sixty feet is the mi
construction setback (2 ft. x 30 = 60 ft.). Length shown in the row laldefe G 6 I O £@lin@usigeNdledgih
of all accreting sections of shoreline, and those calculated to be eroding at two feet per year or less.
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Shoreline change rates and setback factors calculated in this stype comparedo those
presented in the 2011, and 28@pdate study report§NC DCM, 201 QvertonandFisher, 2003)
because they exist in digital and GIS forpaaduse the same early shorelinélowever, setback
factors from these studies (2018, 2011, and 2003) can only be generally compatieaséo
calalated inearlier studiedor several reasongl) there is a difference in the miles of shoreline
analyzeddue to starting and stopping pointear inlets and capes), (2) the easlyorelinedate
used in the 1997 studfand earlier)s not the same as the one used the 2003 2011, and this
study and (3) changing the required minimum number of transects from 16 to 8 in the 2003
OvertonandFisher update studyand spaceeductionbetween transects fron328 and 984 feet
(100 and 300 mete)sto 164 feet 60 meterg are refinements made in the blocking
methodologies that maynfluence setback factmstatisticsonly when comparing this and 2011,
2003 studies to earlier studies (1998, 1992, 1986, and 19&0kliminary analysis of the data

continuesto showremarkable consistency with earlier updat@sable 7.
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Statewide Totals 2016 2009 1998 1992 1986* 1980*
Summary Miles (% of| Miles (% of| Miles (% | Miles (% of| Miles (% | Miles (%
total) total) of total) total) of total) of total)
Miles of Shoreline N N
Mapped/Analyzed 304.5 307.4 312 300 237 245
Setback Factor 174.6 190.2 193 165 144 149
(2 ftlyr.) (57.30) | (61.9%) | (62%) (55%) (61%) (61%)
Setback Factor 67.1 62.1 64 54 43 52
(2.51t0 5.0 fyr.) (22.1%) | (20.2%) | (21%) (18%) (18%) (21%)
Setback Factor 38.7 31.5 28 30 20 22
(5.51t0 8.0 ftyr.) (12.®%6) | (10.2%) (9%) (10%) (8%) (9%)
Setback Factor 22.7 20.8 27 32 22 22
(>8.0 ftyr.) (7.4%) (6.8%) (8%) (10.70) (9%) (9%)
. 1.4 2.8 19 8
Insufficient Data (<0.5%) | (<1%) 0 (6%) (4%) 0

Table7. Summary oblocked shoreline changeates (Setback Factg) for all studies This table isn illustrative
comparison of total length abceanfrontshorelinemapped andanalyzedand its calculated construction Setback
Factorfor each of the sistudies where sixty feet is the minimum construction setback (2 ft. x 30 = 60 ft.). Length
C I On$ af Bioréline, ahditbose A &
calculated to be eroding at two feet per year or le¥8here the year ends with aasterisk t) in the table header,

that total shorelinedistance is less compared tithers becausesome, or all, of the National Seashore was not
mappedfor that study(i.e. Shackleford Banks, Core Bank@) this study did not includ¢he entire oceanfront

AK26Y AY

iKS NRg

flrosSt SR

shoreline (Core Banks or Shackelford Banks).

a{ Sidol O

SouthFacing Shoreline 2016 2009 1998 1992 1986* 1980*
DeiEe Miles (% of | Miles (% of| Miles (% | Miles (% | Miles (% | Miles (%
total) total) of total) of total) of total) of total)
Miles of Shoreline 1037
Mapped/Analyzed (34.1%) 103.9 9 106.8 82 80
Setback Factor 76.5 77.3 69 58.4 59 70
(2 ft) (73.80) | (74.4%) | (72%) (55%) (72%) (82%)
Setback Factor 13.0 13.8 14 14.4 12 12
(2.5 10 5.0 ft) (12.20) | (13.3%) | (14%) (13%) (15%) (14%)
Setback Factor 9.5 9.0 9 5.9 3 3
(5.5 to 8.0 ft) (9.20) (8.7%) (9%) (6%) (4%) (4%)
Setback Factor 3.9 3.6 5 9 7 0
(>8.0 ft) (3.8%) (3.5%) (5%) (8%) (9%) (0%)

Table8. Southfacing beactsummary of blocked shoreline changees (Setback Factors) for all studies. This table

is an illustrative comparison of total length of shoreline mapped and analyzed, and its calcataisttuction

Setback Factor for each of the five studies, were sixty feet is the minimum construction setback (2 ft. x 86t 60 f

0 KS NEPedi 0tél oASAE S\R/ Qf {dSiAod SO 12 FC H Bly2aNI Ko H2 FF | €
and those calculated to be eroding at two feet per year or 188kere the year ends with an asterisk (*), in the table

header, that total shoreline distance is less compared to others because some, or all, of the National Seashore was

[ Sy3idk

AK26Y AY

not mapped for thastudy (i.e. Shackleford Banks, Core Banks).
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2016 2009 1998 1992 1986* 1980*
EastFacing Shorelines| Miles (% of| Miles (% of| Miles (% | Miles (% | Miles (% | Miles (%
total) total) of total) of total) of total) of total)
Miles of Shoreline 200.8
Mapped/Analyzed (65.9%) 203.5 216 192.8 155 160
Setback Factor 98.3 112.8 124 89 85 78
(2 ft) (49.0%6) | (55.4%) | (58%) (46%) (55%) (49%)
Setback Factor 52.9 48.3 50 39.9 31 40
(2.5 t0 5.0 ft) (26.36) | (23.7%) | (23%) (21%) (20%) (25%)
Setback Factor 29.7 22.4 19 24.3 17 20
(5.5 to 8.0 ft) (14.86) | (11.0%) (9%) (13%) (11%) (12%)
Setback Factor 18.5 17.2 22 23.4 15 23
(>8.0 ft) (9.2%) (8.5%) (10 %) | (12%) (10%) (14%)

Table9. Eastfacing beactsummary of blocked shoreline changates (Setback Factors) for all studies. This tal
is an illustrative comparison of total length of shoreline mapped and analyzed, and its calculated constri
Setback Factor for each of the five studiesieve sixty feet is the minimum construon sdeback (2 ft. x 30 = 60
feety ® [ SY3adK aK2gy AY (KSeelR®d A& 05YVORddzaf 880201t 86
shoreline, and those calculated to be eroding at two feet per year or \@4gere the year ends with an asterigf, (
in the table header, that total shoreline distance is less compared to others because some, or all, of the Ni
Seashore was not mapped for that study (i.e. Shackleford Banks, Core Banks).
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Barrier Island Summaries

The following graphs shoaceanfront shoreline change ratgata (raw, smoothed, and blked)

at each transect fomll NCbarrier islands. For purpose of this study and illustrating raw and
smoothed with blocked data,gstive rate values identify measuregtosion(positive = erosion
while negative valuesepresentmeasuredaccretion filegative = accretion The black points, or
crosshairs, are the raw data; the green and/or red dimeethe smoothed data; and the bold
black line is the blocked dataetback factors)Units for thevertical axis are feet per year, and

the horizontal axis corresponds to transect numbers.

Bird Island and Sunset Beach
CANR LAf | y R | y R { dzy a Si{i . -Hosthéachesabdorsigerstiohave | NB f A )

low sloping south-facing beaches withapproximately 3.3 miles of combined oceanfront
shoreline. Sunset Beach has been naturally accreting and has not required any nourishment
LINEP2SOGAa OCAIdZNE MHUL ® { SOSNIf TFlIOG2NA KIS K
position; a navigtion jetty constructed at Little River inlet (left side of graph), the closing of Madd

inlet (transectiDs 3540), and engineering (end of island and inlet configuratmnjubbs let

prior to 1970. There was no change in blocked erosion rate fadtars 2.8 milesg6.7perceny

of its shorelineresulted in measured accretion with only minor erosiorig@t peryear, or less)

in theareaadjacent to Tubbs Inldbr a shoreline distancequal to distance of 0.Biles or 11.4

percent of itsoceanfrontshoreline therefore the calculated setback factors for both Bird Island

and Sunset Beach ideet per year(Figures 12 & 13)
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Shoreline Change Rates (ftlyr): Bird Island & Sunset Beach

Little River Inlet (SC/NC) Raw Rates (black cross), Smoothed Rales (green & red line), & Blocked Rales (solid biack fine) Tubbs Inlet
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Legend
+ ERP(Raw) = EPR(Smooth) e EPR (Block)

red = erosion _green = accretion

Sharelines: early (1943) to 2016

Figurel12. Bird Island andsunset Beach shoreline change radesl blocked rates (setbadictors). Blacipoints
represent alllerosion and accretiormaw rates; smoothed rates are represented by the solid green (accretion) and
red (erosion) line; anthe solid black line representdocked rategsetback factors).

SUNSET BEACHETJ SUNSET BEACH

Legend

Accretion
Erosion
No Change
2 Miles

Setback Factor Transition Boundary
City/Town Limits

Figure 13. Bird Island & Sunset Beach. Points represent trarsiesteline intersectionsn the 2016 shoreline;
and numberlabelscorrespondto graph's xaxis transechumbers
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Ocean Isle Beach
Ocean Isle Beach is considered low sloping smdh-facing with approximately 5.7 miles of

oceanfront shoreline. Approximately 4.6 miles (80.percend of this shoreline resulted in
measured accretion, while 1riles (18.3percen) is eroding (Figure 34 Ocean Isle has received
several murishment projects sicethe 200G which had immediate pogtroject influences on
shoreline position, ad potentially influenced degreef measured accretion. Those area®
adjacent to inlets (Tubbs and Shallotte) located on each shoulder of the barrier.idl4ost of
theisland resulted in a calculated Setback Factor of 2 feet per year, while a small portion adjacent
to Shallotte Inlet continued to see factors greater than 2 (up to 5 ft.AFigure 14 and 15

Overall, Setback Factors remained the same or slightlyrloammpared to the 2011 study.

Shoreline Change Rates (ftiyr): Ocean Isle
Raw Rates (black cross), Smoothed Rates (green & red ling), & Biocked Rates (solid biack iing)

Tubbs Inlet Shallotte Inlet

T
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feet!year
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Transects

Legend
+ ERP(Raw) T EPR(Smocth) == EPR (Block)

Shorelines: early (1944) to 2016
red = erosion

Figurel4. Ocean Islshoreline change rates and blocked rates (setback factors).-Btants represent all (erosion
and accretion) raw rates; smoothed rates are represented by the solid desenetion) and red (erosion) line; and
the solid black line represents blocked rates (setback factors).
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Legend

Accretion

Erosion

No Change

2 Miles

Setback Factor Transition Boundary
City/Town Limits

Figurelb. Ocean Isle Beach. Points represent transgtreline intersections on the 2016 shoreline; and number
labels corespond to graph's-axis transect numbers.

Holden Beach
Holden Beach is considered low sloping ansbath-facing with approximately 8.0 miles of

oceanfrot shoreline. Approximately 2.0 miles (24p@&rcen)) of this shoeline resulted in
measuredaccretion, while 6.0 miles (74prcen) is eroding (Figure 16Although down slightly

from the 2011 study (58.9 percent), still most (5¢&rceni of the measurederosion is 2 feet

per year or less. In 201 Holden Beaclplaced approximately 1.3 midh cubic yards of sand
along four miles of its oceanfront shorelinand it is the first project since 2006 and 2009.
Although this project could have some measured influence on the next update study, this update
was not influenced by recent nourishmerithe area on Holden Beaulith the highest erosion

is adjacent toLockwoodFollyInlet (located on right side ahe graph)where setback factors
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transition from 2 to 6 approaching Lockwood Folly Inlet (Figures 16.&v@rall, where factors

were two feet per year in 2011, they continue to be two, however, Setback Factors are slightly

higher adjacent to Lockwood Folly Inlet (range from 2 to 6 ft./yr.).

Shoreline Change Rates (ftlyr): Holden Beach

Shallotte Inlet Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid black iine) Lockwood Folly Inlet
+
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Transects
Legend
+ ERP(Raw) = EPR (Smooth) === EPR (Block)

red = erosion  greer

Sharelines: early (1944) to 2016

Figure 16. Holden Beaclshoreline change rates and blocked rates (setbfatkors). Blackpoints represent all
(erosion and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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SHALLOTTE ETJ

= ~. ~uHolden-Beach_._ "7 Wi
SBF = 2ffiF s

HOLDEN BEAGH

426 441

SBF = Setback Factor

Legend
Accretion
Erosion
No Change
Setback Factor Transition Boundary 4 Miles
City/Town Limits

Figurel7. Holden Beach. Points represent transshbreline intersections on the 2016 shoreline; and number
labels correspond to graph'saxis transect numbers.

Oak Island
The Town of0ak Island has aouth-facing beach with approximately 9.3 miles axfeanfront

shoreline. Aproximately 6.5 miles (70.@ercend resulted inmeasured accretion, while the
remaining 2.6 miles (28.percen) demonstrated measured erosion (Figure 18). Althotlgh
maximummeasured erosion was 2.5 feet per y¢mansect # 8@, near Oak Island/Caswell Beach
Town limits) the averagess less than 1.0foot per year The setback factor for the entire

oceanfront shoreline is two (ZJFigure 19)

35



Shoreline Change Rates (ftlyr): Oak Island

Lockwoed Folly Inlet Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid biack iing)
+

254

feet!year
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+ ERP(Raw) = EPR(Smooth) e EPR (Block)

Ted = erosion _green = accretion

Sharelines: early (1944) to 2016

Figurel8. Oak Islanghoreline change rates and blockeates (setback factors). Blapkints represent all (erosion
and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion) line; and

the solid black line represents blocked rates (setback factors).
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Figurel9. Oak Island. Points represent transatioreline intersections on the 2016 shoreline; and number labels
correspond to graph's-axis transect numbers.
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Caswell Beach and Fort Caswell
Caswell Beach and Fort Caswedive combined oceanfront shorelines totalg 3.5 miles.

Approximately 2.3 miles (65 ercend resulted in measured accretion, while Inflles (34.5
percent)resulted in measured erosioffrigure 20) The average shoreline change rate was just

undertwo feet per year(1.6), and the calculated setback factor is two(@@yure 21)

Shoreline Change Rates (ftlyr): Caswell Beach & Fort Caswell

Lockwood Folly Inlet Raw Rates (black cross), Smoothed Rates (green & red fine), & Blocked Rates (solid black fing)
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Legend

+ ERP(Raw) = EPR(Smooth) === EPR (Block)

red = erosion reer

Sharelines: early (1944) to 2016

Figure20. Caswell Beach and Fort Casvgélbreline change rates and blocked rates (setback factors).-Btanks
represent all (erosion and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and

red (erosion) line; and the solid black line represents blockegbsrédetback factors).
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CASWELL BEACH

B ¥ A

Legend

Accretion

Erosion

No Change

2 Miles

Setback Factor Transition Boundary
City/Town Limits

Figure21. Caswell Beach and Fort Caswélbints represent transeshoreline intersections on the 2016
shoreline; and number labels correspond to graphkéis transect numbers.

Bald Head Island
Bald Head Isly RQa -a 8Pk Gl K A authdaéirfy shbreligelin Brunswick Courjtyst

before transitioning to edsfacingbeachesat Cape Fear. This 3mile oceanfront shoreline is the
NEIA2Y QinamicAiKS adl i5S5Qa aSO2y R ¥mrélide, d@ Yas YA O
demonstrated consistety high erosion rates throughout all studiesHowever, with the
completion of the terminal groin on southeach and adjacent to the Cape Fear Inlet (near
transect #985) in 201%ontinuedroutine maintenance of ba&ch east of the groin, arnthe groin

field in the same regiorall appear to have collectively lower ratebghtlycompared to previous
studies for the approximate onkalf mile segment of the shoreline at thveest end of south

beach(average 3.4 feet peyear) Overall, foreline changeates for southbeachare generally
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consistent wih those from earliesstudies where the average erosion rate is 3.9 feet per year
(Figure 22 Blocked shorelinehangesrates (setback factors) ranged between 2 and 13 and
averaged approximately 4 feet per ye8etback factors did decrease for approximately 0.4 miles
(13.6percen) of shorelingladjacent to terminal groin), buhis shoreline position is dominated

by erosional processes and resulted in an increase in sdtifactors for 0.9 miles of shoreline
(28.2 percent) (Figures 22 and 23)

Shoreline Change Rates (ftlyr): Bald Head Island (south-beach)

Cape Fear Inlet Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid biack iine) Cape Fear
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Legend
+ ERP(Raw) = EPR(Smooth) e EPR (Block)

red = erosiol
Shorelines: early (1942) to 2016 PRk

Figure22. Bald Head Islandgouth-beact¥) shoreline change rates and blocked rates (setback factors).-Btants
represent all (erosion andccretion) raw rates; smoothed rates are represented by the solid green (accretion) and
red (erosion) line; and the solid black line represents blocked rates (setback factors).
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*{ BALD HEAD ISLAND
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Figure23.. I £ R | S| R ibéathl PiRgEfresans tamisécshoreline intersections on the 2016 shoreline;
and number labels correspond to graph‘axis transect numbers.

Moving from. | f R | S| d®uthLbéach ty da<® Beach while rounding C&earthe data

showan erosionaccretion pivot pint alongthe shorelingb . FfR I'SFR Lafl yRQa
normal conditions has been demonstrated through the data to be accratiwith shoreline

change ratdactors equal to twdeet per year andsetback factors equal to two (Figures 24 and

25).
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Shoreline Change Rates (ftlyr): Bald Head Island (east-beach)

Cape Fear Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid black line)
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Figure24.. I f R | S| R -hedch shetdlire xharyé ratds and blocked rates (setback factors)-fiitk
represent all (erosion and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and
red (erosion) line; and the solid black line represents blocked rates (setback factors).
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Figure25.. I £ R | S R -Heach. IPgirfs@epresdrit tiatiseshoreline intersections on the 2016 shoreline;
and number labels corrgend to graph's saxis transect numbers.
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»S1S8SQa LatlFyR YR C2NI CAaKSNI {dald
Moving northward bwards the now closed Corncakddt, which formally separate@ald Head
YR %S1SQKSAROASHFREFNRY G aK2NBfAYS G P#S| SQa
demonstratesconsistenterosional characteristicsThe extent of thishorline segment is 8.4
miles,where 3.4 miles (41.percent) of this shoreline demonstrates acaoegtal characteristics,
while 4.9 miles (58.9ercent) is eroding.The averageshoreline change rate igss 1 foot per
year (erosion) with a median rate of 2.6 feet per year (erosion), and blocked shoreline change

rates (setback factors) ranging between 2 and 8 with an average 4.0 feet per year (Figures 26, 27,

and 28).

Shoreline Change Rates (ftlyr): Zeke's Island

Raw Rates (black cross), Smoothed Rates (green & red line), & Blocked Rates (solid black fing)
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Transects

Legend

+ ERP(Raw) = EPR(Smooth) === EPR (Block)

red = erosion  greer core

Sharelines: early (1944) to 2016

Figue 26. S1SQa LafttryR 60Si6SSy .FfR I SIFR LAflIYyR YR C2NI
(setback factors). Blaghoints represent all (erosion and accretion) raw rates; smoothed rates are represented by
the solid geen (accretion) and red (erosion) line; and the solid black line represents blocked rates (setback factors).
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Shoreline Change Rates (ftiyr): Fort Fisher State Park
Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid black line)
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accrefion

T

T . T T v T T T T T r v T T T T T T T T T
285 1290 1285 1300 1305 1310 1315 1320 1325 1330 1335 1340 1345 1350 1355 1,360 1365 1370 1375 1,380 1385 1390 1395
Transects

feet/year
=~ bUdbhbbblio2nwsno o

Legend

+ ERP(Raw) —— EPR(Smooth) e EPR (Block)

red = erosion _ greer

Shorelines: early (1944) to 2016

Figure27. Fort Fisher State Park shoreline change rates and blocked rates (setback factorg)oBieckepresent
all (erosion and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Figure28.%.S1 S Q& L a fishgf Rtaté BaiRPoiDt8 mdffesedt transeshoreline intersections on the 2016
shoreline; and number labels correspond to graphéis transect numbers.

43



Kure Beach
Kure Beach is agastfacing beactwith 2.9 miles obcearfront shorelinewhere approximately

one mile (35.1percenf resulted in measured accretion, and the remaining 1.8 miles (63.8
percen) measured erosion (Figure 29The highest rates at Kure beach kreated adjacent to

C2NIi CA&AKSNI {iGl GS t I Nlosion ralepeakédsat Br4Fertypgear ahdh YA (i &
resulted in a setback factor of fouCompared to the 2011 study, there was a slight decrease for

a 500 feet section of shoreline near Fort Fisher State Park, while the remaining 2.8 miles of

shoreline experienced no chamgn setback factor values (Figures 29 and 30).

Shoreline Change Rates (ftlyr): Kure Beach
Raw Rates (black cross), Smoothed Rates (green & red ling), & Biocked Rates (solid black iing)
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Legend

+ ERP(Raw) == EPR(Smooth) == EPR (Block)
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Sharelines: early (1944) to 2016

Figure29. KureBeach shoreline change rates and blocked rates (setback factors).mlatk represent all (erosion
and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion) line; and
the solid black line represents blaak rates (setback factors).
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Accretion

Erosion

No Change
Setback Factor Transition Boundary - 1.5 Miles
City/Town Limits

Figure30. Kure Beach. Points represent transshbreline intersections on the 2016 shoreline; and number labels
correspond to graph's-axis transect numbers.

Carolina Beach
Carolina Beacls andeastfacing beaclwith approximately four miles fooceanfront shoreline

where 2.5 miles (651 percen) resulted in measured accretion, while the remaining 1.3 miles
(34.1percen resulted in measured erosiomhe average blocked erosion rateCarolina Bach

is 2.5, however, for most of the developed shoreline, the setback factor is 2. (Figure 31)and 32
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Shoreline Change Rates (ftlyr): Carolina Beach
Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid black line)
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Figure 31. CarolinaBeach shoreline change rates and blocked rates (setback factors)-pBliatk represent all
(erosionand accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Figure32. Carolina Beach. Points representrisactshoreline intersections on the 2016 shoreline; and number
labels correspond to graph'saxis transect numbers.
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Masonboro Island
Masonboro Island is an undeveloped barrier island. oteanfront shoreline is easicing and

extends 7.8 miles with Carolina Beach inlet on its southern end (left sidbeograph) and
Masonboro inlet on its northern flank (right side tdme graph). Approximately 7.7 miles (98.4
percen) of its shorelingesulted in measured erosiowhile the remaining 0.1 miles @perceni
resulted in measured accretion The area with measured accretimnadjacent to the rock
navigation jetty at Masonboro inletvhere the fillet is regularly maintained; thus, artificially
reducing shoreline chaye. The average blocked erosion rate at Masonboro Island feé&t@er
year, the maximum is 14eet per year and the minimum is twéeet per year(Figure 33 and 34

The highest erosion factor occurs on the end adjacent to CarBiaah let.

Shoreline Change Rates (ftlyr): Masonboro Island
Raw Rates (black cross), Smoothed Rates (green & red ling), & Biocked Rates (solid biack iing)
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Shorelines: early (1933) to 2016

Figure 33. Masonboro IslandBird Island and Sunset Beach shoreline change rates and blocked rates (setback
factors). Blacipoints represent all (erosion and accretion) raw rates; smoothed rates are represented by the solid
green(accretion) and red (erosion) line; and the solid black line represents blocked rates (setback factors).
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Figure34. Masonboro Island. Points represent transsbireline intersections on the 2016 shoreline; and number
labelscorrespond to graph's-&xis transect numbers.

Wrightsville Beach
Wrightsville Beach has approximately 4.5 miles of oceanfront shorelinegsisfaeing, and

flanked by two inlets (Msonboro and Mason). Masonboralét is hardened with two rock
navigational jetties@ne on each side). Wrightsville Beach is routinely maintained as part of a
USACE Storm Damage Reducpaorject. As a result, approximately 4.0 miles (9%e6ceni of

its shoreline resulted in measured accretion, while the renmagrl. 1 miles (2.percen) resulted

in measured erosionThe average, maximum, and minimum blocked erosionat¥®rightsville
Beach is twdeet per year(Figure 35 and 36 There is a data gap because the early shoreline

reflects a time (193BwhenMooNX &t was open.
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Shoreline Change Rates (ftlyr): Wrightsville Beach
Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid biack iing)
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Figure35. Wrightsville Beach shoreline change rates and blocked rates (setback factorspd@taskepresent all
(erosion and accretion) raw rates; smoothed rates are represented by the solid greeeti@ccand red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Figure36. WrightsvilleBeach. Points represent transesttoreline intersections on the 2016 shoreline; and number
labelscorrespond to graph's-axis transect numbers.
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Figure Eight Island
Figure Eight Island has approximately 3.6 mifexeanfront shoreline, is eaficing, and flanked

by two inlets (Mason and Rich)Approximately 3.6 miles (1Qferceni of its shorelingesulted

in measured accretion. Erosion was minimized, and accretion measured high as a direct result of
beach nourishmentThesetback factor for all ofigure Eight Islaf@a 2 O Si¢ tyofektpaf U
year(Figure 37 and 38

Shoreline Change Rates (ftlyr): Figure Eight Island
Raw Rates (black cross), Smoothed Rates (qreen & red line), & Biocked Rales (solid biack fine)
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Figure37. Figure Eight Islanshoreline change rates and blocked rates (setback factors).-Btaocts represent all
(erosion and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Figure38. Figure Eight Island. Points represent transgatreline intersections on the 2016 shoreline; and
number labels correspond to graph'saxistransect numbers.

LeaHutaff Island
LeaHutaff Island haapproximately 3.6niles d oceanfront shoreline, is eagacing, and flanked

by two inlets (Rich and New Topsail)Nearhall its oceanfront shoreline3.2 miles(89 percen)
resulted in measure@rosioncharacterizedas eroding based on results, while the remaining 0.8
miles (22percen) contains a data gapecause othe closure of Old Topsail Injewhich once
separated Leand Hutaff Islands. The awage blocked erosion ta is 9.0feet per year the

maximum is 10.@eet per yeamear New Topsalil Inlet (Figure 39 and.40
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Shoreline Change Rates (ftiyr): Lea-Hutaff Island

Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid biack iing) N
lew Topsail Inlet
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Figure39. LeaHutaffIslandshoreline change rates and blocked rates (setback factors).-Btaocts represent all
(erosionand accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Figure40. Figure Eight Island. Points repras&ansectshoreline intersections on the 2016 shoreline; and number
labels correspond to graph'saxis transect numbers.
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Topsail Beach

Topsail Island has approximately 22 miles of oceanfront shoreline andeasafacing barrier

island flanked by twinlets (New Topsail and New River). Topsail Beach makes ype2&ht

(4.8 miles) of its shoreline&Surf City 27.3ercent (6.0 miles), and North Topsail Beach 50.1

percent(11.1 miles).

Approximately 3.9 miles (85gdercent)

2 T ¢ 2 LJackah $horelifelreéSuited n measured

accretion, while 0.5 mile (122erceni resulted in measured erosiont KS ¢ 2 gy Qa Y2ai

large-scale beach nourishment project was completed in 204kich likely reduced actual

erosion and increased accretion rates'he average shoreline change rate is 3.6 feet per year

(accretion), andhe blocked shoreline changate (Setback &ctor)is two feet per yeafFigure

Shoreline Change Rates (ftlyr): Topsail Beach
New Topsail Inlet Raw Rates (black cross), Smoothed Rates (green & red ling), & Blocked Rates (solid biack ling)
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Figure4l. Topsail Beach. shoreline change rates afatked rates (setback factors). Blgmbints represent all
(erosion and accretion) raw rates; smoothed rates are represented by the solid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Topsail Beach
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Figue 42. Topsail Beach. Points represent transsglabreline intersections on the 2016 shoreline; and number labels
correspond to graph's-axis transect numbers.

Surf City
At Surf City, approximately 4.9 miles (82%@rcen) of its shoreline resulted in measured

accretion, while 0.9 mile (15.4ercen) resulted in measured erosionThe average shoreline
change rate is less than 1 foot per year (accretion), and the blocked shoreline cteiage

(Setback &ctor)is two feet per yeaFigure 43 and 44
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Shoreline Change Rates (ftlyr): Surf City
Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid black line)
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Shorelines: early (1933) to 2016

Figure43. Surf City shoreline change rates and blocked rates (setback factors)pBlatk represent all (erosion
and accretion) raw rates; smoothed rates are represented by the solid green (accretior§daetosion) line; and
the solid black line represents blocked rates (setback factors).
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Figure44. Surf City. Points represent transesttoreline intersections on the 2016 shoreline; and number labels
correspond to graph's-axis transect numbers.
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North Topsail Beach
At North Topsail Beach, approximately 9.3 miles (88e8cen)) of its shorelineresulted in

measured erosion, while 1.7 miles (4perceni resulted in measured accretionThe average
shoreline changerateis IS S LISNJ 2SI NJ 6 SNRPAA2Y 00X YR Y24&i
resulted in a blocked shoreline change rate (setback factor) equal tée@tQper year and a

setback factor equal to 3 for a segment of shorelm@aringNew River Inle{Figure 45 ad 46).

The areaadjacent to New Rivenlet has experiencethe highest erosionhowever, the setback

factor is equal to 2 feet per year because existing rules (15A NCAC 07H.0304) require that the
setback factor immediately adjacent to an Inlet HazardeAtelA) be applied throughout the IHA

Shoreline Change Rates (ftlyr): North Topsail Beach

Raw Rates (black cross), Smoothed Rates (green & red line), & Biocked Rates (solid black fine) Néii Rivéi itet
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Figure45. North Topsail Beach shoreline change rates and blocked rates (setback factorshddéskepresent all
(erosion and accretion) raw rates; smoothed rates are representetidgolid green (accretion) and red (erosion)
line; and the solid black line represents blocked rates (setback factors).
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Figure46. North Topsail Beach. Points represent transsatreline intersections on the 2016 shorelinedarumber
labels correspond to graph'saxis transect numbers.

Onslow Beach
Onslow Beach has approximately 7.3 mileks oceanfront shoreline and is eafdcing.

Approximately 6.1 miles (83&ercen) of its shorelingesulted in measured erosion, whi@:8

miles (11.4percen resulted in measured accretioifthe aveage blocked erosion rate isféet

per year the maximum is 1Xeet per year andthe minimumis twofeet per year(Figure 47 and

48). Rates for Onslow Beach were calculated using a 2017 shoreline, and not 2016, because there

was a data gap in the 2016 shoreline.

57














































































































































































































































































