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ABSTRACT 

Along the low energy flank of the Cape Fear foreland in Brunswick County, NC, ebb 

channel orientation changes at Lockwoods Folly Inlet and Shallotte Inlet directly influence 

erosion and accretion patterns along the adjacent shorelines.  Since 2001 the ebb channels of 

both inlets have realigned to near shore-normal orientations; however the realignment at 

Shallotte Inlet was accomplished artificially and the dredged material was used to nourish the 

eastern 3.25 miles of Ocean Isle.  A GIS analysis of orthorectified and digitized historic aerial 

photographs spanning the time period from 1938 to 2008 was conducted to quantify and compare 

the impacts of natural and artificial ebb channel orientation changes on the adjacent shorelines.   

Subsequent to the 2001 artificial ebb channel realignment at Shallotte Inlet erosion and 

accretion trends recorded along the adjacent shorelines mimicked the changes recorded after 

previous natural realignments at both inlets.  Along the western barriers, consequent changes in 

the ebb-tidal delta symmetry induce short-term accretion (4 to 8 years) while onshore migrating 

swash bars weld to and generate accretion along the eastern barriers.  However, shore-normal 

ebb channel orientations are unstable at Lockwoods Folly and Shallotte Inlets.  The channels 

have historically deflected to the southeast approximately 3 to 11 years after realignment.  

During periods when the ebb channel deflects or remains skewed toward the eastern barrier, 

marginal flood channel currents erode the western barrier while accumulation of sediment 

between the eastern barrier’s shoreline and the ebb channel terminus develops an accretionary 

bulge.  These results support previous conclusions that ebb channel orientation changes can alter 

shoreline change trends along 2 – 3 km of the adjacent shorelines. 
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INTRODUCTION 

 The allure of coastal living draws an increasing number of people to southeastern North 

Carolina coastal communities.  A recent National Oceanic and Atmospheric Administration 

(NOAA) special report concluded that although coastal areas comprise just 17 percent of the 

nation's contiguous land area, 53 percent of the nation's population resides in these locales 

(CROSSETT et al., 2004).  The presence of an oceanfront shoreline continues to be the driving 

factor behind this coastal development (CLEARY et al., 2000). Yet, WHITE and WANG (2003) 

warn that the North Carolina coastline is a very complex and dynamic system that is in desperate 

need of being better understood as chronic shoreline erosion threatens the economic viability of 

tourism-based communities.  

Building directly on oceanfront property places housing and other structures in one of the 

most physically dynamic systems and many coastal communities have reached a critical point in 

mitigating their erosional problems (CLEARY, 1994).  Many states allow construction of jetties, 

groins, and seawalls to mitigate erosion, although North Carolina regulation restricts the use of 

hard structures (NCDCM, 2009).  Beach nourishment remains the only viable means of erosion 

mitigation in North Carolina, but beach-quality sand in the offshore areas of southeastern North 

Carolina is limited and exploitation costs are high (CLEARY et al., 2000).  In 2001, lacking 

sufficient offshore material, the United States Army Corps of Engineers (USACE) utilized 

material dredged from the inlet throat and ebb-tidal delta of Shallotte Inlet to nourish a 3.25 mile 

long segment of the adjacent Ocean Isle Beach (USACE, 2002).  If tidal inlet ebb-tidal deltas are 

to become commonplace borrow sites for beach nourishment projects, coastal planners and 

engineers must understand the relationship between tidal inlets and the adjacent shorelines.  
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Tidal inlets are key features of barrier island systems.  In addition to serving as entrances 

to harbors, tidal inlets actively flush estuaries with sea water and nutrients, act as conduits for 

spawning and larval marine organisms, as well as impound a large volume of sediment which 

influences large segments of shoreline (FITZGERALD, 1996).  Inlet-induced erosion is a primary 

cause of the oceanfront changes along North Carolina’s barriers.  MARDEN (1999) illustrated that 

changes in the ebb channel orientations of Lockwoods Folly and Shallotte Inlets, located in 

southeastern North Carolina, can directly impact over 2 km, or up to 20 percent, of the adjacent 

barrier’s length and indirectly affect a much larger extent.  MARDEN (1999) also concluded that 

on Holden Beach, gross shoreline change along inlet-influenced segments far exceeds gross 

shoreline change along non-inlet-influenced segments.   

MARDEN’S (1999) study discussed the influence of Shallotte and Lockwoods Folly Inlets 

on Holden Beach.  However, shoreline change on the Oak Island and Ocean Isle segments was 

not quantified.  In an effort to understand each inlet system in its entirety, this study provides a 

comprehensive data set describing erosion and accretion trends along the shorelines of both 

barriers adjacent to each inlet.  A spatial and temporal interpretation of the variability for these 

oceanfront shoreline change patterns is presented.  Additionally, the adjacent shoreline impacts 

related to the 2001 USACE artificial ebb channel realignment at Shallotte Inlet are evaluated in 

comparison to historical cycles of natural ebb channel realignments at both inlets.  

 

Study Area and Previous Works 

The southeastern North Carolina coast lies along the northern flank of the Georgia Bight, 

a feature extending from Cape Hatteras, North Carolina to Cape Canaveral, Florida (HAYES, 

1978).  Holden Beach is a 12.7 km east-west trending barrier island (Figure 1) located along the 
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low energy flank of the Cape Fear foreland in Brunswick County, NC.  Lockwoods Folly Inlet 

and Oak Island border the island to the east; Shallotte Inlet and Ocean Isle Beach border the 

island to the west.  The average significant wave height along the barriers of Long Bay is 

approximately 1.8 ft and the mean wave period is 5.1 seconds (JENSEN, 1983).  Mean tidal range 

is 4.4 ft (CLEARY and HOSIER, 1978).  The offshore area in this portion of Long Bay is 

characterized by Cretaceous and Tertiary hardbottoms mantled with a thin veneer of sediments 

(Meisburger, 1979).  MARDEN’S (1999) study revealed that the thin, mobile veneer of muddy fine 

sediments ranges in thickness from about 10 cm to 70 cm.  

Lockwoods Folly Inlet is located approximately 20 km west of the Cape Fear River 

(Figure 1 inset).  Holden Beach borders the inlet to the west and Oak Island borders the inlet to 

the east.   Since 1938, southeast ebb channel orientations in Lockwoods Folly Inlet have 

generated erosion along the Holden Beach segment and simultaneous accretion on the Oak 

Island oceanfront segment (Marden, 1999).  These trends have reversed during periods when the 

ebb channel is oriented to the southwest (Marden, 1999). 

Shallotte Inlet is located approximately 33 km west of the Cape Fear River.  Holden 

Beach borders the inlet to the east and has experienced inlet-related accretion since the 1970s 

(MARDEN, 1999).  Ocean Isle, a 9 km long barrier island, borders the inlet to the west.  Low 

relief dunes and a severely eroding shoreline characterize the eastern portion of Ocean Isle, 

adjacent to Shallotte Inlet (MARDEN, 1999). 

HAYES (1978) described the overall influence of wave and tidal regimes on barrier island 

and tidal inlet morphology.  The study area is on a low mesotidal barrier coast with mixed energy 

environments (HAYES, 1978).  Consequently, Lockwoods Folly and Shallotte Inlets exhibit large 

ebb-tidal deltas and relatively insignificant flood-tidal deltas due to a lack of accommodation  
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Figure 1. Location of study area in Long Bay, southeastern North Carolina. (ESRI, 

2002) 
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 space behind the barriers (MARDEN, 1999).  The size and configuration of ebb-tidal deltas 

significantly influence erosion and accretion trends on adjacent oceanfront shorelines (FENSTER 

and DOLAN, 1996).   

Inlet Morphology 

The idealized model of a tidal inlet and its two major sand bodies is depicted in Figure 2 

(HAYES, 1980).  The ebb-tidal delta is the seaward shoals of the inlet that are produced by the 

interaction of alongshore and tidal currents while the flood-tidal delta is the collective term that 

refers to the interior shoals produced mainly by flood-tidal currents.  

The main features of the ebb-tidal delta include; 1) the main ebb channel; which is the 

primary channel through which water flows out of an inlet during the ebb tide, 2) channel margin 

linear bars flanking the main ebb channel that are formed by the interaction of ebb and flood-

tidal currents, 3) the terminal lobe which is a seaward sloping sand deposit fronting the seaward 

extent of the ebb channel, and 4) large sand bars called swash bars that exist landward of the 

terminal lobe and are gradually reworked by waves.  HAYES (1980) states that one or more 

marginal flood channels, where flood-tidal currents enter the inlet system, may be present.  Wave 

refraction over and around the outer bar can also generate currents that flow toward the inlet, 

even on an ebb tide (SEABERGH, 2006).  Although HAYES’ (1980) model is useful for identifying 

tidal inlet features, ebb-tidal deltas are seldom symmetrical in southeastern North Carolina 

(CLEARY and MARDEN, 1999).  

The 1974 ebb-tidal delta configuration of Lockwoods Folly Inlet is depicted in Figure 3.  

In the aerial photograph, the ebb channel is highly skewed toward the downdrift barrier (Oak 

Island) and the ebb shoals provide a wave sheltering effect for the barrier.  FITZGERALD et al. 

(2000) has shown that the unprotected, updrift barrier typically erodes during this ebb channel  
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 Figure 2. Idealized ebb-tidal delta morphology. (Hayes, 1980)  
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Figure 3. January 1974 configuration of Lockwoods Folly Inlet’s ebb-tidal delta 

(Photographic source USACE Wilmington, NC District Office). 
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orientation.  Changes in these trends are directly linked to the changing position and 

reorientation of the ebb channel, which controls the symmetry of the ebb-tidal delta (Cleary and 

Marden, 1999). 

 

Inlet Processes and Mechanisms  

FITZGERALD (1984) described the nature of the ebb channel and ebb-tidal delta pertaining 

to shoreline accretion and erosion.  During time periods when the ebb channel is aligned in a 

shore-normal position, the ebb-tidal delta provides a sheltering breakwater effect to a portion of 

both of the adjacent beaches.  This configuration is seldom attained for Lockwoods Folly and 

Shallotte Inlets.  The ebb channels of these inlets have historically and periodically deflected and 

rapidly realigned (MARDEN, 1999).   

FITZGERALD et al. (2000) illustrated nine conceptual models of sand bypassing at tidal 

inlets.  In actuality, sand bypassing at Lockwoods Folly and Shallotte Inlets occurs as a 

combination of the FITZGERALD et al. (2000) wave dominated inlets model, and ebb- tidal delta 

breaching model.  In the model for wave dominated inlets, the overall shallow nature of the distal 

portion of the ebb delta, coupled with its gently arcuate shape, allows waves to transport sand 

along the periphery of the delta, especially at high tide.  In the ebb-tidal delta breaching model, a 

dominant alongshore transport direction produces preferential accumulation of sediment on the 

updrift portion of the ebb-tidal delta, which eventually causes a downdrift deflection of the ebb 

channel.  Ultimately, this configuration results in the ebb discharge breaching a more direct 

seaward pathway through the ebb-tidal delta, thus rapidly realigning the ebb channel.  Natural 

realignments often occur during ebb flow following a storm when storm surge has pushed 

abnormally high volumes of water into back-barrier system.  Under these conditions, the skewed  
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ebb channel becomes hydraulically inefficient and the increased discharge breaches a shore-

normal channel through the ebb-tidal delta.  However, realignments may also occur during non-

storm conditions.  Whether during storm or calm weather conditions, ebb channel realignments 

bypass large volumes of sand to the barrier island toward which the ebb channel was previously 

skewed. 

Bypassing of sediment at inlets is required to prevent downdrift erosion (WALTON 2005).  

At Lockwoods Folly and Shallotte Inlets, bar bypassing occurs subsequent to ebb channel 

realignments when waves rework the ebb-tidal delta swash bars, previously associated with the 

highly skewed ebb channel, landward onto the downdrift barrier (see Figure 35).  Sand may also 

bypass updrift when the ebb channel is skewed toward the updrift barrier prior to realignment.  

The size and symmetry of the ebb-tidal delta control the location of swash bar attachment (VAN 

HETERAN et al., 2006).   

The ebb channels of both inlets in the study area have recently realigned.  In 2003, 

Lockwoods Folly Inlet naturally realigned to a shore normal orientation.  However, the 2001 

Shallotte Inlet realignment was accomplished artificially for the purpose of beach nourishment 

on Ocean Isle (USACE, 2002).  Between March 2001 and May 2001, the USACE dredged 

1,745,000 yd
3
 of sand from a channel cut 15 ft deep through the inlet’s ebb-tidal delta (USACE, 

2002).  The material was placed along the eastern 3.25 miles of oceanfront shoreline on Ocean 

Isle.  Although the nourishment will temporarily mitigate chronic erosion along the eastern 

portion of Ocean Isle, the modification of Shallotte Inlet’s ebb-tidal delta complex will likely 

generate unforeseen changes along the downdrift shoreline (Holden Beach).  

FITZGERALD and HAYES (1980) showed that slight changes in the symmetry of an ebb-

tidal delta can alter the supply of sediment to downdrift beaches, resulting in their erosion or 
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accretion.  Other studies suggest changes in ebb-tidal delta symmetry may alter the erosion and 

accretionary patterns along 2 to 4.3 km of the adjacent shoreline (FENSTER and DOLAN, 1996; 

MARDEN, 1999; FITZGERALD et al., 2000).  The 2005 USACE monitoring report documented 

accretion averaging 42 feet per year along the western 4,000 ft of the Holden Beach oceanfront 

shoreline since the 2001 realignment project.  The report attributes Holden Beach accretion to 

the onshore ebb-shoal (swash bar) migration and subsequent infilling of the flood channel of 

Shallotte Inlet (USACE, 2005).  If the shore-normal ebb channel alignment is maintained, 

following the onshore migration of swash bars the western shoulder of Holden Beach will erode, 

as wave action focuses on these short-term protuberances.  The current study hypothesized that 

adjacent shoreline changes subsequent to artificial ebb channel realignment at Shallotte Inlet 

would mimic the changes that have followed earlier natural realignments in the study area; 

accretion in previously erosion-dominated zones will be temporary. 

Along the shoreline in the vicinity of tidal inlets, a new set of oceanfront structures may 

be threatened each time erosion and accretion patterns are modified.  Long-term erosion in 

previously accretion-dominated areas will destroy the oceanfront sand dunes, which are often a 

structure’s last line of defense against wave action.  This investigation of Lockwoods Folly Inlet 

and Shallotte Inlet demonstrates the spatial and temporal extents of their impacts on the adjacent 

shorelines.   

To determine historical shoreline changes, a comprehensive data set of georectified aerial 

photographs and digitized shorelines was created.  MARDEN’S (1999) shoreline history of Holden 

Beach was based upon 14 aerial photographs depicting Lockwoods Folly Inlet and eight aerial 

photographs depicting Shallotte Inlet.  Many available aerial photographs were not utilized in her 

study and therefore a limited rectified aerial photographic database was created.  Nearly a decade 
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of aerial photographs (1999-2008), including those depicting the 2001 and 2003 ebb channel 

realignments, has since become available and is included in the current study.  The extensive 

aerial photographic database compiled for this study provided more precise identification of long 

and short-term changes.  These changes, measured along shore-normal transects, reveal the 

critical link between ebb channel orientation and adjacent shoreline change as well as the impact 

of natural and artificial ebb channel realignment on the adjacent shorelines within the study area.  

Since 2007, the spatial extents of Inlet Hazard Areas (IHAs) have been under review by 

the North Carolina Science Hazard Panel and the North Carolina Division of Coastal 

Management (NCDCM).  IHAs are natural-hazard areas that are especially vulnerable to erosion, 

flooding and other adverse effects of sand, wind, and water because of their proximity to 

dynamic ocean inlets (NCDCM, 2006).  The NCDCM is developing a new set of restrictions 

regarding structures in the IHAs.  The North Carolina Business Alliance for a Sound Economy 

(NCBASE), an organization that represents the concerns of members engaged in real estate and 

development industries, documented that the proposed rules would ban development larger than 

5,000 square feet within the expanded IHAs and increase the setback from 60 feet to 90 feet 

(NCBASE, 2008).  Currently, 46 homes at Shallotte Inlet and 47 homes at Lockwoods Folly 

Inlet are located within IHAs (NCBASE, 2008).  Under the proposed IHAs, the numbers rise to 

255 and 188 respectively (NCBASE, 2008).  The current study documents changes along the 

shoreline within and beyond the current and proposed IHAs on Oak Island, Holden Beach, and 

Ocean Isle.  

Additionally, this study provides a framework for future research.  This study may assist 

other researchers in the identification of the spatial and temporal extent of erosion hot spots and 

site-specific trends.  The information presented may be used to predict how adjacent shorelines 
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will respond to modifications of tidal inlet systems that exhibit similar wave and tide regimes, 

such as those in southeastern North Carolina.  Coastal engineers and government agencies will 

find this information useful as they attempt to manage these dynamic coastal systems. 

METHODOLOGY 

A database of digitally orthorectified aerial photographs was created to relate ebb channel 

orientation and ebb-tidal delta configuration to historical and contemporary shoreline erosion and 

accretion trends.  Aerial photographs representing Ocean Isle, Holden Beach, and Oak Island 

from 1938 to 2008 were obtained from the USACE Wilmington district office.  The 1938 

photographs are the earliest available imagery of the study area in the aerial photographic 

database at the USACE Wilmington District office.    

After initially examining trends and changes, certain years (sets) of photographs were 

selected for the study.  Photographs best representing overall trends and the spatial extent of the 

study area were chosen.  Although most recent photographs are color, some earlier coastal 

flyovers utilized black and white film (Table 1).  Color photographs taken at low tide reveal 

more identifiable and mappable features, and are more easily rectified.  High quality black and 

white photographs were also used when color photographs were unavailable for a given year.  

Sets of photographs cover the extent of proposed IHAs as designated by the North Carolina 

Division of Coastal Management (NCDCM).  Photographs with common scales were 

preferentially selected for analysis.  The USACE provided this study with 25 quality sets of 

photographs that cover Lockwoods Folly Inlet, and 14 sets of photographs that cover Shallotte 

Inlet.   

A time series of georectified aerial photographs illustrating the historical and 

contemporaneous changes at Lockwoods Folly and Shallotte Inlets were produced.  The figures  
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Lockwoods Folly Inlet  Shallotte Inlet 

          

Date 

Color 

(Yes/No)   Date 

Color 

(Yes/No) 

4/5/1938 No  3/28/1938 No 

11/19/1949 No  1/23/1945 No 

3/25/1956 No  8/1/1959 No 

8/16/1959 No  3/13/1962 No 

3/13/1962 No  8/1/1971 No 

11/1/1971 No  11/1/1975 No 

1/8/1974 No  2/8/1987 Yes 

3/23/1975 No  5/8/1990 Yes 

11/1/1975 No  11/29/1993 Yes 

11/1/1978 Yes  8/16/1996 No 

10/25/1984 Yes  6/17/1998 No 

3/24/1986 Yes  2/7/2001 Yes 

1/29/1988 Yes  5/16/2002 Yes 

3/25/1989 Yes  9/20/2003 Yes 

1/11/1990 Yes  - - 

4/7/1994 Yes  - - 

1/22/1996 Yes  - - 

3/13/1998 Yes  - - 

11/6/1999 Yes  - - 

3/10/2001 Yes  - - 

9/28/2001 Yes  - - 

5/16/2002 Yes  - - 

3/10/2003 Yes  - - 

8/15/2003 Yes  - - 

6/1/2008 Yes   - - 

Table 1. Types of photographs used in the study. 
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were used to compare and contrast the morphological inlet features and adjacent 

shoreline change relative to a 1938 base year photograph and to each other.  Figures 4 and 5 

depict the changing morphology of Lockwoods Folly and Shallotte Inlets.  For a detailed 

compilation all photo sets analyzed in the study, with key features labeled, see Appendices B and 

C.   

Orthorectification of aerial photographs used in this study was accomplished using the 

Image Analysis extension in ArcView
TM

 GIS version 9.2.  For compatibility with previous 

studies in the University of North Carolina Wilmington Coastal Geology Lab, the North Carolina 

Department of Coastal Management 1998 Digital Orthophotographic Quarter Quadrangles 

(DOQs), referenced to the North Carolina State Plane Projection, were used as base maps for 

orthorectification.  The process of orthorectification provides geographical coordinates for any 

given point on an aerial photograph.  Ground control points (GCP) representing the same 

location on aerial photographs and the reference DOQ photograph were chosen.  HUGHES et al. 

(2006) assessed the accuracy of georectified aerial photographs.  They found that GCP type 

exerted a less consistent influence on test-point accuracy, suggesting that although hard-edged 

points are favored as GCPs, some soft-edged points (trees/shrubs) may be used without adding 

significant error (HUGHES et al., 2006).  In this study, street intersections and other static 

locations, such as pools and driveways, were favored, but, some small shrubs were used as GCPs 

in early photographs taken prior to island development. 

The poly-line and polygon shapefile applications in ArcView
TM

 were utilized to digitally 

trace the shoreline, ebb channel, and ebb shoal complex positions in each set of photographs.  

Digital shorelines trace the wet/dry line on the exposed beach, indicating the most recent 

highwater line on the oceanfront.  Identifying waveform and flow interference patterns on the  
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Figure 4. Representative aerial photographs illustrating changing morphology of 

Lockwoods Folly Inlet from April 1938 to June 2008 (Photographic source USACE 

Wilmington, NC District Office). 
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Figure 5. Representative aerial photographs illustrating the changing morphology of 

Shallotte Inlet from March 1938 to September 2003 (Photographic source USACE 

Wilmington, NC District Office). 
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ocean surface indicated the periphery of ebb shoal complexes.  Inlet minimum width was 

determined by measuring the minimum distance between the wet/dry lines on opposite sides of 

the inlet throat.  Baseline inlet width was determined by measuring the inlet width along a static 

digital baseline.  The June 2008 shoreline, ebb channel, and ebb shoals for Lockwoods Folly 

Inlet are depicted in Figure 6.  The figure also indicates the inlet minimum width location for 

June 2008 as well as static inlet baseline. 

 

Shoreline Change Measurement 

Shoreline change analysis was performed with the Simple Change Analysis of Retreating 

and Prograding Systems (SCARPS) extension for ArcView
TM

 created by JACKSON (2004).  A 

digital baseline, seaward of and parallel to the shoreline, was drawn for each oceanfront segment.  

Digital transects, spaced 500 ft, were cast perpendicular to the baseline connecting it to the 

digital shorelines (Figure 7).  JACKSON (2004) demonstrated that transect spacing of 500 ft 

generates results with the same accuracy of 100 ft spacing and also reduces clutter during 

presentation.  Transects are numbered consecutively; transect 1 is located closest to the inlet 

throat on each island shoulder.  Shoreline movement and rates of change were calculated by 

measuring between the baseline and historical high water lines.  

 

Delineation of Shoreline Change Zones 

When describing shoreline changes, previous studies commonly have grouped transects 

into shoreline change zones (MARDEN, 1999; JACKSON, 2004; BUDDE, 2008).  A shoreline 

change zone is defined as a segment of the shoreline displaying an overall difference in  
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Figure 6. June 2008 Lockwoods Folly Inlet digital shoreline, ebb channel location, and ebb shoal 

complex.  Black line represents the inlet baseline utilized in measuring baseline inlet width.  The 

red line represents the June 2008 minimum inlet width.  Ebb channel orientation indicated by 

colored track with compass bearing value (Photographic source USACE Wilmington, NC 

District Office). 
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 Figure 7. Locations of transects used to calculate shoreline change for 

Lockwoods Folly Inlet (A) and Shallotte Inlet (B).  (Photographic source USACE 

Wilmington, NC District Office). 
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 magnitude of erosion or accretion from adjacent reaches due to one primary influencing factor, 

such as an inlet, or combination of factors (JACKSON, 2004).  Rather than averaging transect 

changes over an entire shoreline segment, changes were averaged by zone to provide a better 

understanding of the extent of inlet influence. 

 This study utilized the location of the NCDCM IHAs to delineate and subdivide shoreline 

change zones (Figure 8).  Zone I on each inlet shoreline segment includes transects located 

within the current IHAs, Zone II includes transects located beyond the current IHAs but within 

the proposed IHAs, and Zone III includes the remaining oceanfront shoreline transects located 

beyond the proposed IHAs.  The extent of the IHA based zones follows the trend of shoreline 

change standard deviation, which decreases with distance from the inlet throat (Figure 9 and 

Tables A1 and A2).   

 

Shoreline Rate of Change Calculation 

DOLAN and FENSTER (1991) suggest using the linear regression rate (LRR) method if the 

purpose of a study is to better understand the impact of episodic events on long-term rates.  

Because this study addresses inlet influences on shoreline change, long-term shoreline change 

rates were calculated using the LRR method in SCARPS (JACKSON, 2004).  The LRR method 

utilizes all historical shoreline positions and the rate of change is the slope of the line that is the 

least-squares distance to the actual shoreline points (JACKSON, 2004).  Although outliers in the 

data can affect the LRR, it is the most appropriate method for determining erosion rates since 

1938 in this investigation.   

This study also utilized a separate method for calculating short-term rates of change.  The 

EPR method was useful when describing shoreline changes subsequent to ebb channel  
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Figure 8. Lockwoods Folly Inlet (A) and Shallotte Inlet (B) shoreline change 

zones defined by current and proposed IHAs.  Current IHAs represented by 

yellow crosshatched areas.  Proposed IHAs represented by black hatched 

areas (Photographic source USACE Wilmington, NC District Office and 

NCDCM).   
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 Figure 9. Lockwoods Folly Inlet (A) and Shallotte Inlet (B) standard deviation of 

shoreline change on adjacent barriers.  Shoreline change zones represented by 

dashed black lines and Roman numerals. 
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orientation changes. The end point rate (EPR) of change during a given period was determined 

by dividing the distance of change from the first and last date by the number of elapsed years. 

RESULTS 

Shorelines are dynamic features in a constant state of change.  Several factors, including 

incident and refracted waves, tidal currents, underlying geologic framework, frequency and 

magnitude of storms, sea-level rise, tidal inlet changes, and anthropogenic modifications can 

determine the variability of shoreline change.  Unfortunately, no established methods exist that 

are able to statistically relate these external factors to long-term erosion and only apparent 

shoreline change trends and influences may be ascertained from analyses of the dataset and 

visual inspections of aerial photographs (JACKSON, 2004).   

Information pertaining to inlet morphology changes and erosion and accretion trends for 

each of the inlet shoulders is presented in this section.  The shoreline change data reflect ebb 

channel orientation and, accordingly, are presented by time periods; the beginning of each time 

period is marked by an ebb channel orientation change.  To facilitate the determination of the 

spatial influence of each inlet, shoreline changes are grouped by zone.  

 

Lockwoods Folly Inlet Changes 

 The orientation of the ebb channel as it crosses the outer ebb delta can have profound 

effects on shoreline change by promoting or limiting sand-bypassing within the inlet system to 

adjacent beaches (JACKSON, 2004).  Since April 1938, Lockwoods Folly Inlet has experienced 

six distinct periods, of variable length, during which the ebb channel orientation remained 

relatively constant (Figures 10 and 11).  From April 1938 to March 1956 the ebb channel was 

skewed to the southeast toward Oak Island with azimuths ranging from 110
 o
 to 121

o
.  The  
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Figure 10. Lockwoods Folly Inlet ebb channel and ebb shoal complex 

configurations from April 1938 to June 2008 grouped by periods during which 

ebb channel orientations were similar.  Ebb channel orientation range indicated 

by colored tracks with compass bearing values.  Shore-normal ebb channel 

orientation at Lockwoods Folly Inlet is approximately 180 degrees 

(Photographic source USACE Wilmington, NC District Office).   



 25 

 

 

 

 

 

 

 

 

 

Figure 11. Lockwoods Folly Inlet ebb channel azimuths from April 1938 to June 2008.  

Shore-normal ebb channel orientation at Lockwoods Folly Inlet is approximately 180 

degrees. 
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channel realigned and maintained a near shore-normal position (161
o
 - 166

 o
) from August 1959 

to March 1962 before deflecting again toward Oak Island until late 1974.  Another shore-normal 

realignment occurred between January 1974 and March 1975, and shore-normal to slightly 

southwest orientations existed from March 1975 to March 1986.  Ebb channel azimuths ranged 

from 185
o
 to 222

o
 during this period.  The maximum southwest deflection (222

o
) existed for only 

2 years.  Lockwoods Folly’s ebb channel deflected southeast again from January 1988 to May 

2002 (124
o
 to 156

o
) before breaching the ebb-tidal delta and realigning in the during the 

2002/2003 winter.  From March 2003 to June 2008 the ebb channel maintained near shore-

normal orientations ranging from 162
o
 to 183

o
. 

Lockwoods Folly Inlet widths correlated roughly with ebb channel orientations (Table 2 

and Figure 12).  Minimum inlet widths typically occurred three to eight years after near shore-

normal ebb channel realignments.  Conversely, maximum inlet widths were recorded when the 

ebb channel was severely skewed.  Between April 1938 and June 2008 inlet minimum widths 

ranged from 543 ft to 1700 ft while baseline inlet widths ranged from 1098 ft to 2293 ft.  The 

smallest minimum width occurred in October 1984 with a near shore-normal ebb channel 

orientation of 222
o
.  The largest minimum width (1700 ft) was recorded in November 1975, 

subsequent to the 1974/1975 realignment from 122
o
 to 192

o
.  The minimum baseline width 

occurred in June 2008 while the ebb channel was aligned near shore-normal at 162
o
.  The 

maximum baseline width occurred in April 1994 when the ebb channel was skewed to the 

southeast at 124
o
. 

 

Holden Beach Shoreline Zone Changes  

 Zone I, along the Holden Beach shoreline segment of Lockwoods Folly Inlet, includes  
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Lockwoods Folly Inlet 
    

    
Inlet Minimum 

Width (ft) 

Baseline 

Inlet Width 

(ft) Date Orientation (
o
) 

4/5/1938 110 890 1637 

11/19/1949 121 1664 1855 

3/25/1956 113 827 1347 

8/16/1959 166 1250 1794 

3/13/1962 161 883 1662 

11/1/1971 117 699 1326 

1/8/1974 122 584 1243 

3/23/1975 192 1470 2218 

11/1/1975 188 1700 1894 

11/1/1978 185 613 1899 

10/25/1984 222 543 1671 

3/24/1986 195 595 1811 

1/29/1988 129 820 1926 

3/25/1989 127 833 2052 

1/11/1990 129 865 2161 

4/7/1994 124 1132 2293 

1/22/1996 134 1247 2136 

3/13/1998 156 1126 2140 

11/6/1999 127 1112 1610 

3/10/2001 130 898 1426 

9/28/2001 124 603 1103 

5/16/2002 133 548 1142 

3/10/2003 175 780 1370 

8/15/2003 175 854 1545 

6/1/2008 162 836 1098 

Table 2. Summary of Lockwoods Folly Inlet data from 

April 1938 to June 2008. 
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 Figure 12. Lockwoods Folly Inlet width and ebb channel orientation changes from April 

1938 to June 2008. 
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transects 1 through 8 which are located within the current IHA (Figure 8).  The shoreline 

segment in Zone I will also be referred to as the inlet shoreline.  Zone II includes transects 9 

through 15 which are located beyond the current IHA but within the proposed IHA.  Zone III 

includes transects 16 through 22.  The shoreline segment in Zone III will also be referred to as 

the non-IHA oceanfront shoreline.  Cumulative zone changes on Holden Beach are shown in 

Figure 13. 

Zone I  

 The Zone I segment was the most variable segment on Holden Beach with respect to 

shoreline change between April 1938 and June 2008.  The Zone I shoreline has had an average of 

336 ft of cumulative erosion since April 1938 at an EPR of 5 ft/yr and a LRR of 6 ft/yr (Table 

A3).  Between April 1938 and April 1956, the Zone I shoreline reach retreated an average of 203 

ft at an EPR of 11 ft/yr.  A maximum of 450 ft of recession occurred along transect 3 (Table A4 

and Figure 7A).  Erosion continued throughout the second period from April 1956 to March 

1962.  The Zone I shoreline segment eroded an average of 130 ft at an EPR of 22 ft/yr and 

maximum erosion of 191 ft occurred at transect 3 during this period.  

During the third period, March 1962 to January 1974, the Zone I shoreline eroded an 

average of 26 ft at an EPR of 2 ft/yr.  Large losses occurred along the shoreline at transects 2 and 

5, which eroded 156 ft and 179 ft respectively (Table A9).  Accretion on Holden Beach resumed 

and dominated the fourth period of shoreline change from January 1974 to March 1986.  The 

Zone I shoreline built seaward an average of 45 ft at an EPR of 4 ft/yr during the fourth period 

(Table A3).  However, erosive trends existed during the fifth period; between March 1986 and 

May 2002 the Zone I shoreline retreated an average of 112 ft at an EPR of 7 ft/yr.  A maximum 

loss of 221 ft occurred along transect 7 (Table A4 and Figure 7A). 
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Figure 13. Cumulative zone changes on the Holden Beach shoreline segment of 

Lockwoods Folly Inlet from April 1938 to June 2008. 
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Accretion has been the dominant trend subsequent to the most recent natural ebb channel 

realignment in late 2002 (Figure 13).  Between May 2002 and June 2008, the shore-normal ebb 

channel orientation promoted average accretion of 91 ft at an EPR of 15 ft/yr along the Holden 

Beach inlet shoreline.  Maximum gains during the sixth period occurred at transect 4, where the 

shoreline built seaward 238 ft.   

Zone II 

The Zone II shoreline includes transects east of the current IHA, but within the proposed 

IHA on the Holden Beach shoreline of Lockwoods Folly Inlet (Figure 8).  The shoreline within 

this zone has had an average of 242 ft of cumulative erosion since April 1938 at an EPR of 3 

ft/yr and a LRR of 4 ft/yr (Table A3).  Between April 1938 and April 1956, the Zone II shoreline 

eroded an average of 87 ft at an average of -5 ft/yr (EPR).  A maximum of 116 ft of shoreline 

retreat occurred along transect 9 (Table A4 and Figure 7A).  Erosion continued throughout the 

second period from April 1956 to March 1962 as the shoreline along Zone II retreated an average 

of 39 ft at 7 ft/yr.  A maximum of 73 ft of erosion was recorded at transect 15 during this period.   

During the third period, March 1962 to January 1974, the Zone II shoreline accreted 45 ft 

at an EPR of 4 ft/yr (Table A3).  The shoreline in the vicinity of transect 9 built seaward 75 ft 

during the third period (Table A4 and Figure 7A).  However, the ebb channel naturally realigned 

by March 1975 and erosion resumed and was dominant during the fourth period (January 1974 to 

March 1986).  The shoreline along Zone II retreated an average of 122 ft at an EPR of 10 ft/yr 

during the fourth period.  Erosion persisted during the fifth period (March 1986 and May 2002) 

during which time the Zone II shoreline retreated an average of 54 ft at an EPR of 3 ft/yr.  

Maximum erosion of 80 ft occurred along transect 14.    
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Accretion has been the dominant trend along the Zone II shoreline subsequent to the most 

recent natural ebb channel realignment in late 2002.  Between May 2002 and June 2008, the 

Holden Beach shoreline within the Zone II reach prograded an average of 14 ft at an EPR of 2 

ft/yr.  Maximum accretion during the sixth period occurred along transect 15, which built 

seaward 114 ft (Table A4 and Figure 7A).   

Zone III 

Zone III is the westernmost zone on the Holden Beach segment (Figure 8).  The shoreline 

within this zone has had an average of 85 ft of cumulative erosion since April 1938 at an EPR of 

1 ft/yr and a LRR of 2 ft/yr (Table A3).  Between April 1938 and April 1956, the Zone III 

shoreline segment retreated landward an average of 17 ft at an average of 1 ft/yr (EPR).  A 

maximum of 40 ft of shoreline recession was recorded in the vicinity of transect 16 (Table A4 

and Figure 7A).   

Erosion dominated the second period from April 1956 to March 1962.  The Zone III 

shoreline eroded an average of 49 ft at an EPR of 8 ft/yr.  A maximum of 87 ft was lost along 

transect 17 during this period.  Erosion continued through the third period, March 1962 to 

January 1974.  The shoreline along Zone III eroded 11 ft at an EPR of 1 ft/yr during the third 

period, and a maximum erosion of 19 ft occurred along transect 18 (Tables A3 and A4).  Fourth 

period (January 1974 to March 1986) erosion caused the Zone III shoreline to retreat landward 

an average of 47 ft at an EPR of 4 ft/yr.  Erosion also dominated the fifth period, March 1986 

and May 2002.  The shoreline along this reach lost an average of 117 ft and the EPR was 7 ft/yr.  

Accretion has been the dominant trend along the Zone III shoreline subsequent to the 

most recent natural ebb channel realignment in late 2002.  Between May 2002 and June 2008, 
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the Holden Beach non-IHA shoreline built seaward an average of 156 ft at 26 ft/yr.  Maximum 

gains during the sixth period occurred along transect 16, which prograded 118 ft.   

 

Oak Island Shoreline Zone Changes  

The Oak Island shoreline of Lockwoods Folly Inlet was also divided into three zones 

based upon the NCDCM IHAs (Figure 8).  Zone I includes transects 1 through 9 which are 

located within the current IHA.  The shoreline in Zone I will also be referred to as the inlet 

shoreline.  Zone II includes transects 10 through 15 which are located beyond the current IHA 

but within the proposed IHA.  Zone III includes transects 16 through 22.  The shoreline in Zone 

III will be referred to as the non-IHA oceanfront shoreline.  Cumulative zone changes on Oak 

Island are shown in Figure 14. 

 Zone III data reflect the impact of a temporary inlet opening, imaged on the March 1956 

aerial photographs (Figure 15).  Hurricane Hazel made landfall at the North Carolina/South 

Carolina border in October 1954, and produced a large ebb surge that breached the narrow 

barrier formerly known as Long Beach, seaward of Lockwoods Folly River.  The inlet opening 

and subsequent closure influenced shoreline change data (transects 17, 18 and 19) between 

November 1949 and August 1959.  Because these shoreline changes were not directly linked to 

Lockwoods Folly Inlet ebb channel orientation changes, data from these transects were omitted.   

Zone I 

The shoreline along Zone I was the most variable segment on Oak Island between April 

1938 and June 2008.  Cumulative change along this zone amounted to 349 ft at an EPR of 5 ft/yr 

and a LRR of 6 ft/yr (Table A3).  Between April 1938 and March 1956, the Zone I  
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Figure 14. Cumulative zone changes on the Oak Island shoreline segment of 

Lockwoods Folly Inlet from April 1938 to June 2008. 
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Figure 15. Oak Island Zone III shoreline changes from April 1938 to March 1956.  

Yellow boxes indicate location of 1954 Hurricane Hazel inlet breach.  The inlet 

opening (B) and subsequent closure (C) exaggerated shoreline change data along 

transects 17, 18 and 19.  In A, ebb channel orientations indicated by colored tracks 

with compass bearing values (Photographic source USACE Wilmington, NC District 

Office). 
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shoreline eroded an average of 73 ft; the average EPR was 4 ft/yr.  A maximum of 537 ft of 

shoreline recession occurred at transect 2 (Table A4 and Figure 7A).  Accretion dominated the 

second period (April 1956 to March 1962), as the shoreline within Zone I prograded an average 

of 89 ft at an EPR of 15 ft/yr.  A maximum of 264 ft of accretion occurred along transect 5 

during this period. 

During the third period, March 1962 to January 1974, the Zone I shoreline retreated 

landward 132 ft at an EPR of 11 ft/yr.  Erosion continued through the fourth period (January 

1974 to March 1986) as the shoreline along Zone I lost an average of 151 ft at an EPR of 12 

ft/yr.  Accretionary trends dominated the fifth period, March 1986 and May 2002.  An average of 

516 ft accreted to the Zone I shoreline at an EPR of 32 ft/yr.  A maximum gain of 806 ft occurred 

along transect 7.    

Accretion has also been the dominant trend subsequent to the most recent natural ebb 

channel realignment in late 2002.  Between May 2002 and June 2008, the near shore-normal ebb 

channel orientation facilitated the Oak Island inlet shoreline to prograde an average of 100 ft at 

an EPR of 16 ft/yr (Table A3).  Maximum accretion during the sixth period occurred along 

transect 1, which built seaward 723 ft (Table A4 and Figure 7A). 

Zone II 

The shoreline within the Zone II reach on Oak Island includes transects 10 through 15 

and is located beyond the current IHA, but within the proposed IHA (Figure 8).  The shoreline 

along this Zone has had an average of 66 ft of cumulative accretion since April 1938 and both 

the EPR and LRR were less than 1 ft/yr (Table A3).  Between April 1938 and March 1956, the 

Zone II shoreline built seaward an average of 57 ft at an EPR of 3 ft/yr.  A maximum of 176 ft of 

accretion was recorded along transect 11 (Table A4 and Figure 7A).  Erosion was the dominant 
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trend during the second period, from April 1956 to March 1962 and the shoreline along Zone II 

retreated an average of 75 ft at an EPR of 13 ft/yr.  A maximum of 158 ft was lost from transect 

11 during this period.   

During the third period, March 1962 to January 1974, the Zone II shoreline accreted an 

average of 104 ft and the EPR was 9 ft/yr.  However, erosion became the dominant trend 

following the 1974/1975 natural ebb-tidal breach and ebb channel realignment.  The shoreline 

along Zone II moved landward an average of 134 ft at an EPR of 11 ft/yr during the fourth 

period (January 1974 to March 1986).  Accretionary trends dominated the fifth shoreline change 

period, March 1986 and May 2002 as the Zone II segment built seaward an average of 217 ft at 

an EPR of 13 ft/yr.  A maximum gain of 259 ft occurred along the shoreline in the vicinity of 

transect 11.    

Erosion was the dominant trend following the most recent natural ebb channel 

realignment in late 2002.  Between May 2002 and June 2008, the Zone II shoreline eroded an 

average of 102 ft and the EPR was 17 ft/yr.  Maximum erosion during the sixth period occurred 

along transect 11, which retreated landward 140 ft.   

Zone III 

Between April 1938 and June 2008 the least amount of shoreline change recorded along 

the Oak Island segment occurred within Zone III.  The Zone III shoreline has had 33 ft of 

cumulative erosion and both the EPR and LRR were less than 1 ft/yr (Table A3).  During the 

first period (April 1938 and March 1956) the Zone III shoreline retreated landward an average of 

69 ft at an EPR of 4 ft/yr.  A maximum of 90 ft of erosion occurred along transect 20 (Table A4 

and Figure 7A). 
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Erosion dominated the second period from April 1956 to March 1962 during which time 

an average of 66 ft of shoreline recession was recorded within Zone III at an EPR of 11 ft/yr.  A 

maximum of 127 ft of shoreline erosion occurred in the vicinity of transect 22 during this period.  

Small-scale accretion occurred during the third period, March 1962 to January 1974, as the Zone 

III shoreline accreted 33 ft at an EPR of 3 ft/yr.  Yet, small-scale erosion persisted from January 

1974 to March 1986 and the shoreline within Zone III lost an average of 5 ft at an EPR of less 

than 1 ft/yr.  Accretion dominated the fifth period, March 1986 and May 2002, and the shoreline 

along Zone III built seaward an average of 32 ft at an EPR of 2 ft/yr while a maximum gain of 

141 ft occurred along transect 16. 

Accretion along the Oak Island Zone III shoreline continued following the most recent 

natural ebb channel realignment in late 2002.  Between May 2002 and June 2008, the non-IHA 

shoreline prograded an average of 42 ft and the EPR was 7 ft/yr (Table A3).  Maximum accretion 

during the sixth period was recorded along transect 22, which built seaward 152 ft (Table A4 and 

Figure 7A).   

 

Shallotte Inlet Changes 

The orientation of the main ebb channel at Shallotte Inlet has remained relatively 

constant during five distinct periods of variable length, since April 1938 (Figures 16 and 17).  

Shoreline change periods on the adjacent barriers followed ebb channel orientation trends.   

In March 1938 the ebb channel was skewed to the southwest, toward Ocean Isle, at 229
o
.  

The ebb channel remained skewed to the southwest between 185
o
 to 201

o
 during the second 

period from January 1945 to August 1959.  During the third period, August 1959 to March 1962, 

the channel realigned to a near shore-normal position (161
o
).  The ebb channel was skewed in a  
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Figure 16. Shallotte Inlet ebb channel and ebb shoal complex configurations 

from March 1938 to September 2003 grouped by periods during which ebb 

channel orientations were similar.  Ebb channel orientation range indicated by 

colored tracks with compass bearing values.  Shore-normal ebb channel 

orientation at Shallotte Inlet is approximately 160 degrees (Photographic source 

USACE Wilmington, NC District Office).   
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Figure 17. Shallotte Inlet ebb channel azimuths from March 1938 to September 2003.  Shore-

normal ebb channel orientation at Shallotte Inlet is approximately 160 degrees. 
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southeasterly direction during the fourth period (March 1962 to February 2001); ebb channel 

azimuths ranged from 88
o
 to 131

o
.  The beginning of the fifth period (early 2001 to September 

2003) was marked by the artificial realignment of Shallotte Inlet’s ebb channel in the spring of 

2001.  The USACE dredged a channel 15 feet deep through the apex of the ebb shoals at 168
o
 

(USACE, 2002).  In 2003, the most recent available set of aerial photographs, the ebb channel 

had remained near shore-normal at 181
o
 (Figure 16E). 

Shallotte Inlet widths correlated roughly with ebb channel orientations (Table 3 and Figure 18).  

Between March 1938 and September 2003 inlet minimum widths ranged from 792 ft to 2116 ft 

and baseline inlet widths ranged from 1052 ft to 2854 ft.  The smallest minimum width occurred 

in August 1996 when the ebb channel was skewed to the southeast at 125
o
.  The maximum inlet 

minimum width occurred in February 1987 when the ebb channel was severely skewed to the 

southeast at 102
o
.  The minimum baseline inlet width occurred in August 1959 with a near shore-

normal ebb channel orientation of 201
o
.  The maximum baseline inlet width occurred in February 

1987 when the ebb channel was strongly skewed to the southeast at 102
o
. 

 

Ocean Isle Shoreline Zone Changes 

The Ocean Isle shoulder of Shallotte Inlet was divided into three shoreline change zones 

based upon the NCDCM IHAs (Figure 8).  Zone I includes transects 1 through 8 which are 

located within the current IHA.  The shoreline in Zone I will also be referred to as the inlet 

shoreline.  Zone II includes transects 9 through 15 which are located beyond the current IHA but 

within the proposed IHA.  Zone III includes transects 16 through 22.  The shoreline in Zone III 

will also be referred to as the non-IHA oceanfront shoreline. Cumulative zone changes on Ocean 

Isle are shown in Figure 19.   



 42 

 

 

 

 

 

 

        

Shallotte Inlet 
    

    
Inlet Minimum 

Width (ft) 

Baseline 

Inlet Width 

(ft) Date Orientation (
o
) 

3/1938 229 1279 1591 

1/1945 185 1637 2052 

8/1959 201 961 1052 

3/1962 161 1110 1288 

8/1971 88 1129 1667 

11/1975 109 1339 1503 

2/1987 102 2116 2854 

5/1990 109 1007 1880 

11/1993 110 1147 1934 

8/1996 125 792 2112 

6/1998 131 1045 2340 

2/2001 103 1259 2230 

5/2002 168 1289 2586 

9/2003 181 1120 1714 

 

 

 

 

Table 3. Summary of Shallotte Inlet data from March 

1938 to September 2003. 
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Figure 18. Shallotte Inlet width and ebb channel orientation changes from March 1938 to 

September 2003. 
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Figure 19. Cumulative zone changes on the Ocean Isle shoreline segment of Shallotte 

Inlet from March 1938 to September 2003.   
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Zone I 

 The shoreline changes along Zone I were the most variable on the Ocean Isle shoulder 

between March 1938 and September 2003.  The Zone I shoreline had an average of 608 ft of 

cumulative erosion since March 1938 at an EPR of 9 ft/yr and a LRR of 13 ft/yr (Table A5).  

Between March 1938 and January 1945, the Zone I shoreline lost an average of 258 ft at an EPR 

of 38 ft/yr.  A maximum of 478 ft was lost along transect 4 (Table A6 and Figure 7B).  The 

shoreline within Zone I recovered between January 1945 and August 1959, as the reach accreted 

an average of 381 ft at an EPR of 28 ft/yr while the ebb  

channel was oriented to the southwest.  A maximum of 794 ft of progradation occurred in the 

vicinity of transect 4 during this period (Table A6 and Figure 7B). 

The inlet shoreline continued prograding during the August 1959 to March 1962 period.  

Accretion within Zone I amounted to 114 ft, and the EPR was 44 ft/yr with a maximum gain of 

719 ft along transect 1 (Tables A5 and A6).  Similar to the 1975 Lockwoods Folly Inlet 

configuration, a linear bar developed perpendicular to the inlet shoreline and functioned as a 

groin-like feature.  The linear bar promoted seaward growth of the shoreline along transects 1, 2, 

and 3 which prograded an average of 559 ft.  Subsequently, however, erosion persisted from 

March 1962 to February 2001.  During this period an average of 1,007 ft of erosion occurred 

along the Zone I shoreline at an EPR of 26 ft/yr.  A maximum loss of 1551 ft occurred along 

transect 3 (Table A6 and Figure 7B).    

Accretion dominated the most recent period from February 2001 to March 2003.  The 

shore-normal ebb channel reorientation coupled with the placement and redistribution of 

1,866,000 yd
3
 of fill generated an average of 163 ft of accretion at 63 ft/yr (EPR).  A maximum 

gain of 678 ft occurred along the shoreline in the vicinity of transect 1. 
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Zone II 

 Zone II is located just beyond the current IHA on the Ocean Isle shoulder of Shallotte 

Inlet (Figure 8).  The shoreline along Zone II averaged 171 ft of net erosion since March 1938 at 

an EPR of 3 ft/yr and a LRR of 4 ft/yr (Table A5).  Between March 1938 and January 1945, the 

Zone II shoreline gained an average of 80 ft and the average EPR was 12 ft/yr.  A maximum of 

194 ft was gained along transect 9 (Table A6 and Figure 7B). 

The shoreline within this reach eroded between January 1945 and August 1959, retreating 

an average of 55 ft at an EPR of 4 ft/yr while the ebb channel was oriented to the southwest.  A 

maximum of 146 ft of shoreline retreat occurred in the vicinity of transect 12 during this period.  

The Zone II shoreline continued to erode between August 1959 and March 1962 and lost an 

average of 36 ft at an EPR of 14 ft/yr (Table A5).  Maximum losses of 62 ft were recorded along 

transect 9 (Table A6 and Figure 7B).  Erosion also dominated the March 1962 to February 2001 

period during which the Zone II shoreline retreated an average 222 ft at an EPR of 6 ft/yr.  A 

maximum of 356 ft of erosion was recorded at transect 9 between March 1962 and February 

2001.    

Following the 2001 artificial ebb channel realignment and beach nourishment project, the 

Zone II shoreline prograded.  The shoreline along Zone II accreted an average of 63 ft and the 

EPR was 24 ft/yr between February 2001 and September 2003.  A maximum of 110 ft of 

accretion occurred along transect 15. 

Zone III 

 Zone III is the westernmost zone on the Ocean Isle shoulder (Figure 8).  The Zone III 

shoreline has had an average of 189 ft of cumulative accretion since March 1938 at an EPR of 3 

ft/yr and a LRR of 1 ft/yr (Table A5).  Between March 1938 and January 1945, the Zone III 
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shoreline lost an average of 17 ft at an EPR of 3 ft/yr.  A maximum of 74 ft was lost along 

transect 22 (Table A6 and Figure 7B). 

The shoreline along Zone III recovered between January 1945 and August 1959, 

accreting an average of 65 ft at an EPR of 4 ft/yr.  A maximum of 75 ft was gained along transect 

18 during this period.  Accretion continued to dominate Zone III shoreline change between 

August 1959 and March 1962 allowing the shoreline to prograde an average of 25 ft at an EPR of 

10 ft/yr.  A maximum gain of 45 ft occurred along transect 22. 

During the March 1962 to February 2001 period the ebb channel deflected to the 

southeast and remained skewed toward Holden Beach (88
o
 to 131

o
).  The non-IHA shoreline in 

the Zone III reach eroded an average of 106 ft and the average EPR was 3 ft/yr during this period 

(Table A5).  Maximum losses occurred along transect 18, where the high water line moved 

landward 117 ft (Table A6 and Figure 7B).  Between February 2001 and September 2003 the 

shoreline along Zone III prograded 222 ft at 85 ft/yr as a direct result of the 2001 USACE 

nourishment project.  A maximum of 265 ft of accretion was recorded along the shoreline in the 

vicinity of transect 16.  

 

Holden Beach Shoreline Zone Changes 

The Holden Beach segment of Shallotte Inlet was divided into three zones delineated by 

the NCDCM IHAs (Figure 8).  Zone I includes transects 1 through 8 which are located within the 

current IHA.  The shoreline in Zone I will also be referred to as the inlet shoreline.  Zone II 

includes transects 9 through 23 which are located beyond the current IHA but within the 

proposed IHA.  Zone III includes transects 24 through 26.  The shoreline in Zone III will also be 

referred to as the non-IHA oceanfront shoreline.  Cumulative zone changes on Holden Beach are  
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shown in Figure 20.  

Zone I 

 Between March 1938 and September 2003 the shoreline within the Zone I reach 

experienced the highest variability of shoreline change on the Holden Beach shoulder.  The Zone 

I shoreline had an average of 253 ft of net accretion since March 1938 at an EPR of 4 ft/yr and a 

LRR of 3 ft/yr (Table A5).   

Prior to January 1945, the east to west trending spit that extends from the Holden Beach inlet 

shoreline was truncated between transect 2 and 3.  Consequently, data recorded along transects 1 

and 2 were omitted from the March 1938 to January 1945 calculations.  Although the Zone I 

shoreline gradually prograded toward the inlet throat during this period, the data indicate average 

losses of 67 ft along the shoreline between transects 3 through 8.  The average EPR was -10 ft/yr 

and a maximum of 135 ft of erosion was recorded along transect 7 (Tables A5 and A6).   

The Zone I shoreline accreted between January 1945 and August 1959.  While the ebb 

channel was oriented to the southwest, the inlet shoreline prograded an average of 209 ft at an 

EPR of 14 ft/yr.  A maximum of 422 ft was gained along transect 3 during this period (Table A6 

and Figure 7B).  

Erosion resumed during the January 1959 to March 1962 period.  During this period, the 

inlet shoreline lost an average of 31 ft at an EPR of 12 ft/yr and a maximum of 262 ft of erosion 

occurred along transect 1.  The ebb channel again began to deflect to the southeast between 1962 

and 1971 which promoted accretion along the Zone I shoreline.  The inlet shoreline gained an 

average of 66 ft at an EPR of 2 ft/yr between March 1962 and February 2001.  Transect 8 

accreted 479 ft during this period. 
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Figure 20. Cumulative zone changes on the Holden Beach shoreline segment of 

Shallotte Inlet from March 1938 to September 2003.   
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Accretion dominated the most recent period from February 2001 to March 2003. During 

this period landward migrating swash bars, welded to the Holden Beach inlet shoreline.  The 

shoreline within the Zone I reach consequently built seaward an average of 77 ft at an EPR of 29 

ft/yr.  A maximum gain of 404 ft occurred in the vicinity of transect 6.  Gains along the eastern 

portion of the zone offset erosion of 437 ft, 219 ft, and 189 ft along transects 1, 2, and 3 

respectively (Table A12 and Figure 7B). 

Zone II 

 Zone II includes transects beyond the current IHA, but within the proposed IHA on the 

Holden Beach shoulder of Shallotte Inlet (Figure 8).  The shoreline along Zone II has had an 

average of 377 ft of cumulative accretion since March 1938 at an EPR of 6 ft/yr and a LRR of 7 

ft/yr (Table A5).  However, between March 1938 and January 1945, erosion persisted.  During 

the first period the Zone II shoreline eroded an average of 66 ft at an EPR of 10 ft/yr.  A 

maximum of 137 ft was lost along transect 9 (Table A6 and Figure 7B). 

The shoreline along Zone II continued retreating between January 1945 and August 1959, 

eroding an average of 102 ft at an EPR of 7 ft/yr while the ebb channel was oriented to the 

southwest.  A maximum of 139 ft of erosion occurred along transect 13 during this period.  The 

Zone II shoreline continued to erode between August 1959 and March 1962.  On average the 

shoreline along Zone II moved landward 1 ft.  A maximum loss of 70 ft was recorded along 

transect 20.  

Accretion dominated the March 1962 to February 2001 period. The shoreline built 

seaward 440 ft at an EPR of 11 ft/yr between March 1962 and February 2001.  A maximum of 

687 ft was gained along transect 11.    
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The Zone II shoreline continued to prograde after the 2001 artificial ebb channel 

realignment.  The shoreline along Zone II gained an average of 105 ft at an EPR of 40 ft/yr 

between February 2001 and September 2003.  A maximum gain of 156 ft occurred along transect 

10. 

Zone III 

 Zone III is the easternmost zone on the Holden Beach shoulder (Figure 8). The January 

1945 aerial photographs depicting this zone have high reflectance values, which restricted the 

ability to accurately digitize the January 1945 Zone III shoreline.  Consequently, the first period 

for Zone III shoreline change is from March 1938 to August 1959.  The shoreline along Zone III 

has had an average of 26 ft of cumulative accretion since March 1938 at an EPR of less than 1 

ft/yr and a LRR of 2 ft/yr; however, erosion dominated the early periods (Table A5). 

The Zone III shoreline retreated between March 1938 and August 1959, eroding an 

average of 156 ft at an EPR of 7 ft/yr.  A maximum of 175 ft of erosion was recorded at transect 

26 during this period (Table A6 and Figure 7B).  Erosion continued to dominate Zone III 

changes between August 1959 and March 1962.  The shoreline retreated an average of 60 ft at an 

EPR of 23 ft/yr and a maximum loss of 66 ft occurred along transect 24. 

The Zone III shoreline change trends were reversed during the March 1962 to February 

2001 period; the non-IHA oceanfront shoreline prograded an average of 180 ft and the EPR was 

5 ft/yr.  Maximum accretion of 188 ft occurred along transect 24.  Similar to the accretion along 

the Zone II shoreline, landward migrating swash bars produced accretion between February 2001 

and September 2003.  During this period, shoreline within Zone III accreted 63 ft and the 

average EPR was 24 ft/yr.  A maximum gain of 65 ft was recorded along the shoreline in the 

vicinity of transect 24.  



 52 

DISCUSSION 

Previous studies have demonstrated that changes in tidal inlet morphology, specifically 

ebb channel orientation changes, have the potential to influence accretion and erosion patterns on 

adjacent shorelines (DEAN and WALTON, 1973; FITZGERALD, 1984; FENSTER and DOLAN, 1996; 

CLEARY and MARDEN, 1999).  Shoreline change along the inlet shorelines in the study area has 

been extremely variable since March 1938; shoreline change rates ranged from -38 ft/yr to +85 

ft/yr (Tables A3 and A5).  The data indicate that shoreline change rates increase markedly 

following changes in inlet morphology.   

One noteworthy caveat to this study is the exclusion of recent Shallotte Inlet aerial 

photographs.  Photographs taken after June 2003 were unavailable for orthorectification at the 

start of this investigation.  Consequently, only short-term shoreline changes were recorded along 

Ocean Isle and Holden Beach subsequent to the Spring 2001 USACE ebb channel realignment.  

Despite this limitation, the following discussion of shoreline changes by zone will allow coastal 

planners to predict erosion and accretion patterns following ebb channel orientation changes.  

This knowledge should provide a basis for developing sustainable strategies to mitigate erosion 

within the areas of inlet influence. 

 

Lockwoods Folly Inlet - Holden Beach Shoulder 

4/1938 – 3/1956 

 Erosion dominated Holden Beach inlet shoreline changes between April 1938 and March 

1956.  During this period the ebb channel was skewed to southeast (110
o
 to 121

o
), facilitating the 

expansion of the marginal flood channel on the Holden Beach margin (Appendix Figure B1).  As 

a consequence tidal currents eroded the former accretionary bulge that had developed prior to 
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April 1938 along transects 3 through 5 in Zone I (Figure 21B).  The November 1949 and March 

1956 photographs (Figure 21 A and C) indicate southwest to northeast trending spits and 

subaqueous bars along the inlet shoreline in the vicinity of transects 3 and 4.  The features were 

created as wave and flood channel currents eroded the accretionary bulge and transported the 

material toward the inlet throat.   

 Wave action most likely produced the erosion along the Zone II shoreline.  An eastward 

migration of the ebb-tidal delta exposed a previously sheltered portion of the zone to the effects 

of several coastal storms (Figure 21C).  Between April 1938 and March 1956, ten hurricanes 

(including Hazel in 1954) made landfall near southeastern North Carolina, generating elevated 

water levels and augmenting tidal current transport.  As a result, the unsheltered shoreline reach 

within Zone II eroded an average of 88 ft.  This inlet-induced erosion along the Zone II shoreline 

confirms the inadequate coverage of the current IHA on Holden Beach.  Changes along the non-

IHA ocean shoreline (Zone III) were minimal (17 ft of accretion) in comparison to Zone II 

changes (erosion of 87 ft).  

3/1956 – 3/1962 

 In the aftermath of hurricane Hazel and other coastal storms, between March 1956 and 

March 1962, erosion persisted along the shorelines of all three zones.  Although the ebb channel 

was aligned in a near shore-normal orientation within the inlet throat, its pathway through the 

shoals was skewed to the southeast (Appendix Figures B1 and B2).  During this period, flood 

channel currents were likely responsible for erosion along the Zone I shoreline.  Erosion of 135 

ft and 174 ft in the vicinity of transect 6 and transect 7 respectively, contributed sand to the 

subaqueous bars extending eastward into the inlet (Figure 22).   
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Figure 21. Lockwoods Folly Inlet Holden Beach Zone I flood channel erosion from 

April 1938 to March 1956.  Yellow arrows indicate location of the marginal flood 

channel.  Yellow box in B indicates location of accretionary bulge Yellow boxes in 

indicate the accretionary bulge eroded by flood currents during the first period. In A, 

ebb channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office). 
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Figure 22.  Lockwoods Folly Inlet Holden Beach shoreline change from March 1956 

to March 1962.  Yellow arrows indicate location of the marginal flood channel.  

Yellow boxes indicate location of subaqueous sand bars.  Blue and red polygons (B) 

represent ebb-tidal delta extent in August 1959 and March 1962 respectively.  In A, 

ebb channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office). 
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Erosion along the Zone II shoreline during the second period occurred primarily between 

August 1959 and March 1962 and appeared to be linked to the lack of an ebb-tidal delta 

breakwater effect.   As the ebb-tidal delta migrated eastward approximately 1,200 ft, the 

oceanfront shoreline in Zone II was exposed to incident waves (Figure 22B).  The unsheltered 

beach eroded an average of 35 ft between August 1959 and March 1962 at 12 ft/yr as wave 

action scoured the shoreline.  Storm surge during the 1962 Ash Wednesday storm likely 

generated this erosion as it battered the coastline for three days (March 6 to March 8). 

The shoreline along Zone III is beyond the proposed IHA (Figure 8).  Forces external to 

inlet vagaries dictated Zone III shoreline change between March 1956 and March 1962.  The 

majority of Zone III recession (48 of 49 ft) occurred between March 1956 and August 1959 

(Table A7).  This erosion may have been linked to wave action generated by Hurricane Helene, a 

category 3 storm that approached within approximately 10 miles of the North Carolina coast on 

September 27, 1958. 

3/1962 – 1/1974 

Morphological changes of Lockwoods Folly Inlet controlled inlet shoreline change on the 

Holden Beach shoulder during the third period (Appendix Figure B2).  Between March 1962 and 

November 1971 the ebb channel deflected to the southeast and maintained alignments between 

117
o
 and 122

o
 through January 1974 (Figure 23).  During this time the dominant marginal flood 

channel was located along the Holden Beach inlet shoreline.  As a result, flood channel currents 

are likely to have been responsible for the erosion along the Zone I shoreline, which eroded an 

average of 75 ft between transects 1 and 5 (Figure 23).  

Small-scale accretion occurred along the shoreline segment within Zone II during the 

third period.  The combination of onshore swash bar migration and the ebb-tidal delta’s  
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Figure 23.  Lockwoods Folly Inlet Holden Beach shoreline change and linear bar 

formation from March 1962 to January 1974.  Yellow arrows indicate location of the 

marginal flood channel.  Yellow boxes indicate location of marginal flood channel 

current induced erosion along the inlet shoreline between transects 1 and 5.  In A, 

ebb channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office). 
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breakwater effect permitted the shoreline along this reach to accrete an average of 45 ft.  

Although the Zone III shoreline eroded 11 ft, changes along this segment were not linked 

to inlet processes.  It is likely elevated water levels and storm-generated waves from Hurricane 

Ginger caused erosion along Zone III.  Ginger, a category 2 storm was active from September 5 

to October 3, 1971. 

1/1974 – 3/1986 

Ebb channel orientation changes influenced Holden Beach shoreline change between 

January 1974 and March 1986 (Appendix Figures B2 and B3).  Between January 1974 and 

March 1975, the ebb channel realigned to a near shore-normal location (192
o
).  Following the 

realignment, a linear bar developed seaward of transect 1 that impeded flood channel sediment 

transport.  The linear bar behaving as a groin, trapped landward flowing sand along the inlet 

shoreline, resulting in an average of 142 ft of accretion between January 1974 and November 

1978 (Figure 24B and C, and Table A7).   

However, between October 1984 and March 1986, the data show that the inlet shoreline, 

between transects 1 through 6, retreated landward an average of 158 ft.  Erosion in this vicinity 

was associated with a spillover lobe that breached the linear bar seaward of transects 1 and 2.  In 

addition to existing flood channel current induced erosion, the spillover lobe permitted secondary 

ebb flow to scour the inlet shoreline as well.  This process is illustrated in Figure 25 B, which 

shows undermining of previously vegetated segments along the inlet shoreline. 

Shoreline change within the Zone II reach was erosive in nature between January 1974 

and March 1986.  Erosion brought on by flood channel currents and wave refraction around the 

ebb-tidal delta forced this segment landward an average of 122 ft (Figure 26C).   
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Figure 24.  Lockwoods Folly Inlet Holden Beach shoreline change from January 

1974 to November 1978.  Yellow arrows indicate location of the marginal flood 

channel.  Yellow boxes (B and C) indicate location of accretion along the inlet 

shoreline.  Black lines indicate location of channel linear bar, which captured sand 

from flood channel transport.  In A, ebb channel orientations indicated by colored 

tracks with compass bearing values (Photographic source USACE Wilmington, NC 

District Office).  
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Figure 25.  Lockwoods Folly Inlet Holden Beach shoreline change from 

November 1978 to March 1986.  Green arrows indicate location of spillover lobes.  

Yellow arrows indicate location of the marginal flood channel.  Yellow boxes (A 

and B) indicate location of erosion along the inlet shoreline.  In A, ebb channel 

orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office).  
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Figure 26.  Lockwoods Folly Inlet Holden Beach shoreline change from April 

1994 to May 2002.  Yellow arrows indicate location of the marginal flood channel.  

Solid clack line indicates channel linear bar.  Yellow boxes (A and B) indicate 

location of accumulation between the inlet shoreline and the channel linear bar. In 

Figure A, ebb channel orientations indicated by colored tracks with compass 

bearing values (Photographic source USACE Wilmington, NC District Office). 
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The non-IHA shoreline (Zone III) eroded during the fourth period.  Subsequent to 

building seaward an average of 17 ft between November 1974 and November 1978, the shoreline 

along Zone III lost 9 ft/yr (EPR) through March 1986.  Hurricanes Diana and Gloria undoubtedly 

produced higher short-term erosion rates as they made landfall at Cape Fear in 1984, and Cape 

Hatteras in 1985 respectively.  

3/1986 – 5/2002 

 Between March 1986 and January 1988, the ebb channel deflected to the southeast and 

remained relatively stationary (124
o 
- 156

o
) through May 2002 (Appendix Figures B3 to B6).  

The consistently southeast skewed ebb channel controlled Holden Beach shoreline changes 

throughout this period.   

Between March 1986 and November 1999 marginal flood channel currents scoured the 

Zone I shoreline at an average of 26 ft/yr (EPR); however, accretion became the dominant trend 

in March 2001 when swash bars, began welding onto the inlet shoreline.  Similar to the inlet 

process in the 1970s, a shore-normal linear bar developed along the west side of the ebb channel 

and between April 1994 and November 1999 the linear bar impounded sand from the flood 

current transport (Figure 26A and B).  As this material welded to the inlet shoreline, Zone I 

prograded an average of 170 ft between April 1999 and May 2002 (Figure 26C).   

Between March 1986 and May 2002 the shoreline segments within Zone II and Zone III 

eroded an average of 54 ft and 117 ft respectively (Table A3).  The ebb-tidal delta, which was 

skewed to the southeast throughout the period, did not provide a breakwater effect along the 

shorelines within these reaches.  Consequently, the Zone II and Zone III shorelines were 

susceptible to wave action during elevated water levels associated with several tropical storms 

between March 1986 and May 2002.  Four category 3 storms (Emily, 1993; Bertha, 1996; Fran 
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1996; Bonnie, 1998) and one category 2 storm (Floyd, 1999) made landfall in North Carolina 

during this period. 

5/2002 – 6/2008 

 The natural ebb channel realignment that occurred between May 2002 and March 2003 

controlled Holden Beach shoreline change during the sixth period.  This realignment adopted a 

more hydraulically efficient, shore-normal pathway through the ebb-tidal delta, and 

approximately shore-normal ebb channel alignments between 175
o
 and 162

o
 persisted between 

March 2003 and June 2008 (Appendix Figure B6). 

Subsequent to the 2003 ebb channel realignment, the inlet shoreline change trends 

depicted in Figure 27 resembled those following the 1974/1975 ebb channel realignment (see 

Figure 24).  In the next 5 to 10 years I expect Holden Beach Zone I trends to mimic those that 

occurred in the late 1980s.  Following ebb channel deflection, the dominant marginal flood 

channel will again be located along the Holden Beach Zone I shoreline and induce erosion within 

the next 5 to 10 years.   

Zone II shoreline change was variable during the sixth period.  Following the ebb channel 

realignment, flood channel currents eroded the shoreline along transects 9 and 10, which 

retreated 113 ft and 73 ft respectively between March 2003 and June 2008 (Figure 27B).   

The shoreline along transects 11 through 15 accreted between March 2003 and June 2008.  

However, this accretion is most likely linked to beach nourishment.  In a November 2002 to 

January 2003 maintenance dredging operation, the USACE removed 27,600 yd
3
 of sand from 

Lockwoods Folly Inlet and the AIWW and deposited the material on Holden Beach (USACE, 

2009).  A second beachfill operation occurred in May 2006, when the USACE dredged the 

AIWW and Lockwoods Folly Inlet crossing.  Approximately 57,000 yd
3
 of sand was placed  
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Figure 27.  Lockwoods Folly Inlet Holden Beach shoreline change from May 2002 

to June 2008.  Yellow arrows indicate location of the marginal flood channel.  Note 

eastward migration of accretionary bulge from transects 5 and 6 (B) to transects 3 

and 4 (C).  In Figure A, ebb channel orientations indicated by colored tracks with 

compass bearing values (Photographic source USACE Wilmington, NC District 

Office).  
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 along the east end of Holden Beach in May 2006 (USACE, 2009). 

The Zone III shoreline accreted an average of 156 ft between May 2002 and June 2008 

(Table A3).  However, as in previous periods, this zone appears to be located beyond the range 

of inlet influence.  Gains along Zone III may be linked to the redistribution of material placed 

during the 2002 and 2006 beach nourishment projects.  

It should be noted that following ebb channel realignments at Lockwoods Folly Inlet, 

accretion on the western shoreline segment has been temporary and occurs for approximately 6 

to 10 years.  Subsequent to this temporary progradation, the flood channel located along the 

Holden Beach segment has historically expanded, which generates chronic erosion along this 

shoreline reach as the ebb channel deflects toward Oak Island.  This process of short-term 

accretion followed by long-term erosion must be anticipated prior to development of the inlet 

shoreline. 

 

Lockwoods Folly Inlet - Oak Island Shoulder 

4/1938 – 3/1956 

Between April 1938 and March 1956 the ebb channel segment within the inlet throat 

deflected between 150 ft and 370 ft eastward (Figure 28A and Appendix Figure B1).  The 

deflection resulted in average erosion along the inlet shoreline, as flood currents reworked an 

east to west trending spit that extended off of Oak Island.  Consequently the shoreline along 

transect 1 through 3 eroded an average of 412 ft between April 1938 and March 1956 (Table 

A10).  However, the shoreline between transects 7 and 9, along the eastern portion of the Zone I 

reach, accreted an average of 85 ft during this period.  Sand, transported west by wave action and  
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Figure 28.  Lockwoods Folly Inlet Oak Island shoreline change from April 1938 to 

March 1956.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes indicate location of a sand spit, reworked as the ebb channel deflected 

slightly eastward.  Red boxes indicate location of accretionary bulge.  In Figure A, 

ebb channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office).  
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flood currents, accumulated at the ebb channel’s terminus and enlarged the accretionary bulge 

located between transects 8 and 12 (Figure 28C).   

The Zone II shoreline accreted between April 1938 and March 1956 as the southeast 

skewed ebb channel sheltered the zone from the full impact of incident waves.  As previously 

mentioned, the accretionary bulge extended into Zone II and the shoreline along transects 10 

through 12 built seaward an average of 137 ft (Table A10).  Erosion recorded at transect 15 (54 

ft) was associated with the 1954 hurricane related breach portrayed in Figure 15 and described 

below. 

The breach formed during the 1954 hurricane Hazel storm between transects 17 and 19 

on the Oak Island barrier and was subsequently infilled by August 1959.  The inlet’s opening and 

closure influenced shoreline change along the non-IHA oceanfront shoreline (Figure 15).  

Although data from transects 17, 18, and 19 were omitted from the study, the marginal flood 

channels of the transitory inlet directly impacted the entire Zone III shoreline.  Consequently, it 

is unclear whether Lockwoods Folly Inlet influenced the Zone III shoreline between April 1938 

and March 1956.  The omitted data, recorded along transects 17, 18, and 19, is provided in Table 

A10d. 

3/1956 – 3/1962 

A shore-normal deflection of the outer portion of the ebb channel controlled Oak Island 

shoreline change between March 1956 and March 1962 (Appendix Figures B1 and B2).  When 

the ebb channel’s path through the apex of the ebb-tidal delta deflected from 113
o
 in March 1956 

to 166
o
 in August 1959, westward flow reworked the accretionary bulge along transects 9 

through 12, and generated accretion along the shoreline in the vicinity of transects 6 through 9 

(Figure 29B).   However, between August 1959 and March 1962, flood currents and wave action  
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Figure 29.  Lockwoods Folly Inlet Oak Island shoreline change from March 1956 to 

March 1962.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes indicate location of accretionary bulge, which migrated westward following ebb 

channel outer bar deflection (A to C).  In Figure A, ebb channel orientations indicated 

by colored tracks with compass bearing values (Photographic source USACE 

Wilmington, NC District Office).  
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forced the protuberance further to the west and transects 6 through 9 retreated landward an 

average of 132 ft while transects 1 through 5 prograded an average of 248 ft Figure 29C. 

The westward reworking of the accretionary bulge also influenced the shoreline segment 

within Zone II. As the seaward extent of the ebb channel deflected to the southwest, gains from 

the April 1938 to March 1956 period were eroded.  Erosion was greatest along transects 10 

through 12, where the shoreline retreated an average of 135 ft.  Clearly, this shoreline segment is 

appropriately included in the Oak Island proposed-IHA. 

Changes along the non-IHA ocean shoreline (Zone III) were also negative and likely 

linked to the aforementioned temporary inlet.  The inlet’s closure (June 1959) created an 

unnatural “bump” in the shoreline formed by the ebb-tidal delta collapse and subsequent 

landward bar migration.  Wave energy focused upon this protrusion and generated losses along 

the entirety of the zone (Figure 29C).   It is unclear whether Lockwoods Folly Inlet influenced 

the Zone III shoreline during this period. 

3/1962 – 1/1974 

The ebb channel’s deflection to the southeast between March 1962 and November 1971 

influenced the Oak Island shoreline change trends between March 1962 and January 1974 

(Appendix Figure B2).  As the ebb channel deflected to the southeast from 161
o
 to 117

o
 between 

March 1962 and November 1971, ebb and flood currents eroded the southern portion of the 

southeast to northwest trending spit along the Oak Island segment and transported the sediment 

eastward (Figure 30A and B).  As a result, the inlet shoreline between transects 4 through 6 

eroded an average of 357 ft, between March 1962 and November 1971 while transects 7 through 

9 simultaneously accreted an average of 129 ft.  However, between November 1971 and January  
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Figure 30.  Lockwoods Folly Inlet Oak Island shoreline change from March 1962 to 

January 1974.  Yellow arrows indicate location of the dominant marginal flood 

channel. Yellow box indicates location of southeast to northwest trending spit.  Ebb 

channel currents eroded the spit near transect 5 (A) and transported the sediment to 

the shoreline segment between transects 8 and 10 (B).  Between November 1971 and 

January 1974 (C) the material was transported further east to the segment between 

transects 9 and 13.  In Figure A, ebb channel orientations indicated by colored tracks 

with compass bearing values (Photographic source USACE Wilmington, NC District 

Office).  
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1974, this accretionary bulge accumulation shifted further to the east and the shoreline between 

transects 7 and 9 eroded an average of 124 ft (Figure 30C). 

As the deflecting ebb channel transported material from the aforementioned accretionary 

bulge eastward, the shoreline within Zone II first prograded an average of 53 ft, between March 

1962 and November 1971, and then an additional 51 ft between November 1971 and January 

1974 (Figure 30B).   

1/1974 – 3/1986 

Between January 1974 and March 1975, the ebb channel Lockwoods Folly Inlet naturally 

realigned to a near shore-normal orientation and the marginal flood channel induced erosion 

along the Oak Island segment (Appendix Figures B2 and B3).  During this period flood channel 

currents eroded an average of 151 ft from the shoreline along transects 1 through 9 and 

transported the sand into the inlet throat.  Western transport and onshore migrating swash bars 

created a southeast to northwest trending spit (Figure 31B).  The spit subsequently blocked flow 

through the back barrier channel, which became extensively shoaled by March 1986 (Figure 

31C).  The lack of tidal flow in the channel permitted an expansion of the spit during the 

following shoreline change period, March 1986 to May, 2002 (Figure 32).   

Between January 1974 and March 1986 chronic erosion followed a brief period of 

accretion along the Zone II shoreline (Figure 31C).  Subsequent to the ebb channel realignment, 

wave action reworked swash bars, along the eastern margin of the ebb tidal delta, onto the 

shoreline within Zone II.  As a result, the shoreline in the vicinity of transects 11, 13, and 14 

gained 102 ft, 74 ft, and 26 ft respectively between November 1975 and November 1978 (Table 

A10).  However, following the swash bar welding events, the Zone II shoreline retreated.  The 

combined effects of flood currents and incident wave action eroded an average of 110 ft from the  
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Figure 31.  Lockwoods Folly Inlet Oak Island shoreline change from January 1974 

to March 1986.  Yellow arrows indicate location of marginal flood channels.  Note 

the creation of a southeast to northwest trending spit (B and C), supplied by material 

eroded from the oceanfront shoreline and onshore swash bar migration.  In Figure 

A, ebb channel orientations indicated by colored tracks with compass bearing 

values (Photographic source USACE Wilmington, NC District Office).  
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Figure 32.  Lockwoods Folly Inlet Oak Island shoreline change from March 1986 to 

March 1989.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes indicate location of accretion due to westward transport and accumulation 

between the inlet shoreline and ebb channel linear bar.  In Figure A, ebb channel 

orientations indicated by colored tracks with compass bearing values (Photographic 

source USACE Wilmington, NC District Office).  
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Zone II shoreline between November 1978 and March 1986 (Figure 31C).  The inlet-induced 

erosion nearly undermined several homes along West Beach Drive on Oak Island between 

transects 13 and 14.  

The non-IHA shoreline (Zone III) remained relatively stable during the fourth period.  

Between January 1974 and March 1986 this shoreline segment retreated an average of 5 ft and 

was not impacted by ebb channel orientation changes. 

3/1986 – 5/2002 

Between March 1986 and January 1988, the ebb channel deflected to the southeast and 

remained skewed (124
o 
- 156

o
) until May 2002 (Appendix Figures B3 to B6).  As in previous 

periods, the ebb channel controlled shoreline change.  Between March 1986 and January 1988 

the ebb channel deflected to the southeast from 195
o
 to 129

o
.  Between March 1986 and March 

1989 flood currents transported sand westward toward the ebb channel in the vicinity of transects 

5 and 6 (Figure 32).  Deposition along the shoreline reach between the inlet shoreline and the ebb 

channel generated 336 ft of average accretion along Zone I in only three years; enlarging the 

accretionary bulge (Figure 32C).    

A second major accretionary event occurred between January 1990 and March 1998 that 

was related to the development of a substantial linear bar seaward of the Zone I shoreline 

between January 1990 and April 1994 (Figure 33B).  Between April 1994 and March 1998, the 

seaward extent of the ebb channel realigned slightly to the west from 124
o
 to 156

o
.  Wave action 

(including storm waves during hurricanes Bertha and Fran in 1996) the reworked the bar 

landward causing the shorelines within Zones I, II, and III to prograde 84 ft, 9 ft, and 55 ft 

respectively (Figure 33C).   
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Figure 33.  Lockwoods Folly Inlet Oak Island shoreline change from January 1990 

to March 1998.  Yellow arrows indicate location of marginal flood channels.  

Yellow boxes indicate the ebb channel linear bar (A), which builds (B) and is 

abandoned before migrating onshore as the ebb channel deflects west from 124
o
 to 

156
o 
between April 1994 and March 1998 (C).  In Figure A, ebb channel 

orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office). 
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However, the accretion within Zone I was temporary.  Between March 1998 and November 1999 

the ebb channel again deflected to the southeast (127
o
) and encroached on the inlet shoreline 

(Figure 34).  Transects 1 through 6 eroded an average of 104 ft between November 1999 and 

May 2002.  A portion of the sand was transported eastward and presumably resulted in average 

accretion of 71 ft along the Zone II shoreline.   

5/2002 – 6/2008 

 The ebb channel realignment that occurred between May 2002 and March 2003 

controlled Oak Island shoreline change during the sixth period (Appendix Figure B6).  This 

natural realignment occurred when a more hydraulically efficient pathway was breached through 

the ebb-tidal delta.  Subsequent to realignment, the ebb channel then maintained near shore-

normal alignments (175
o 
- 162

o
). 

The inlet shoreline experienced two distinct periods of change between May 2002 and 

June 2008.  Erosion along the inlet throat marked the first major change between May 2002 and 

March 2003 (Figure 35A and B).  Following the ebb channel realignment, the dominant flood 

channel developed along the margin of the Zone I shoreline leading to the erosion of an average 

of 190 ft (transects 1 through 7).  Accretion along the inlet throat shoreline marked the second 

major change along Zone I.  Between March 2003 and June 2008 flood currents and wave action 

eroded the accretionary bulge, located between transects 7 through 9, and transported the 

material toward the inlet throat (Figure 35B and C).  The sand accumulated along the inlet 

shoreline reach between transects 1 and 6, which prograded an average of 447 ft, offsetting the 

erosion of 204 ft along transects 7 through 9.  Consequently, in June 2008 a spit, approximately 

1,500 ft long, extended from the Oak Island shoulder into the inlet throat (Figure 35C). 
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Figure 34.  Lockwoods Folly Inlet Oak Island shoreline change from March 1998 to 

May 2002.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes indicate location of ebb channel induced erosion.  In Figure A, ebb channel 

orientations indicated by colored tracks with compass bearing values (Photographic 

source USACE Wilmington, NC District Office). 
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Figure 35.  Lockwoods Folly Inlet Oak Island shoreline change from May 2002 to 

June 2008.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes indicate location of accretionary bulge (A and B), which migrated 

westward into the inlet throat (C) via erosion and sediment transport by flood 

currents and incident wave action.  In Figure A, ebb channel orientations 

indicated by colored tracks with compass bearing values (Photographic source 

USACE Wilmington, NC District Office). 
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 Erosion persisted along the Zone II shoreline between May 2002 and June 2008.  

Following the ebb channel realignment, the eastern portion of the ebb-tidal delta reconfigured to 

the west, leaving the Zone II shoreline exposed to incident wave action (Figure 35C).  As a 

result, the shoreline along transects 10 through 15 retreated an average of 102 ft between May 

2002 and June 2008. 

 Changes along the non-IHA shoreline (Zone III) were minimal during the sixth period.  

Between May 2002 and June 2008 the influence of the ebb-tidal delta never extended beyond 

transect 13 and hence did not have an influence on the Zone III shoreline.  

 

Shallotte Inlet – Ocean Isle Shoulder 

3/1938 – 1/1945 

An ebb delta breaching event between March 1938 and January 1945 realigned the ebb 

channel from 229
o
 to 185

o 
and controlled Ocean Isle shoreline changes during the first period 

(Appendix Figure C1).  Following the realignment, wave action reworked swash bars landward 

and ultimately formed the southwest to northeast trending spit, indicated in Figure 36B.  

Although the bars welded to the Zone I shoreline, shoreline change trends within this reach were 

erosional.  As the ebb channel realignment promoted the development of a wide marginal flood 

channel along Ocean Isle, tidal currents and waves eroded an average of 258 ft from the inlet 

shoreline. 

The aforementioned ebb channel realignment also impacted the shoreline within Zone II, 

which built seaward an average of 80 ft between March 1938 and January 1945.  When the 

channel realigned, wave action reworked the westernmost swash bars onshore. Consequently, the 

shoreline segment between transects 12 and 15 prograded.  Additionally, waves and flood  
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Figure 36.  Shallotte Inlet Ocean Isle shoreline change from March 1938 to 

January 1945.  Yellow arrows indicate location of marginal flood channels.  

Yellow boxes indicate location of accretionary bulge (A), which forced eastward 

by flood currents and wave action (B and C). Red box indicates shoreline 

segment (T16, T17) located beyond proposed-IHA influenced by ebb channel 

orientation change.  In Figure A, ebb channel orientations indicated by colored 

tracks with compass bearing values (Photographic source USACE Wilmington, 

NC District Office).  
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currents redistributed sand associated with the accretionary bulge eastward, and produced 

accretion along transects 9 and 10 (Figure 36C).     

The Zone III shoreline retreated an average of 17 ft between March 1938 and January 

1945.  However, the shoreline at transects 16 and 17 accreted an average of 32 ft as a result of 

onshore swash bar migration (Figure 36C).   

1/1945 – 8/1959 

 Between January 1945 and August 1959, swash bars continued migrating onto the 

shoreline in the vicinity of transects 2 through 7 (Figure 37B and C, and Appendix Figure C1).  

This process, combined with the reworking of the aforementioned accretionary bulge, induced 

accretion along the Ocean Isle inlet shoreline as the spit along transects 2 through 5 continued to 

grow and weld onto the shoreline between January 1945 and August 1959 (Figure 37B and C).  

This addition resulted in the Zone I shoreline building seaward an average of 381 ft which 

combined with changes along Holden Beach, decreased the baseline inlet width from 2052 ft to 

1052 ft (Table 3). 

However, the shoreline within the Zone II reach retreated an average of 55 ft during the 

second period.  Onshore swash bar migration and reworking of the accretionary bulge created a 

protuberance along this segment (Figure 37B).  Consequently, wave action was focused on the 

protuberance and the shoreline reach extending from transects 9 to 14 retreated an average of 64 

ft as flood currents transported the eroded material eastward. 

The non-IHA oceanfront shoreline (Zone III) accreted between January 1945 and August 

1959.  The shoreline in this zone prograded an average of 65 ft; however, Figure 37D illustrates 

that the accretion extended approximately 5,300 ft beyond transect 22, which suggests that inlet 

changes did not influence this segment.  Partial shoreline recovery along the Ocean Isle  
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Figure 37.  Shallotte Inlet Ocean Isle shoreline change from January 1945 to 

August 1959.  Yellow arrows indicate location of marginal flood channels.  

Yellow boxes indicate location of accretion due to onshore swash bar migration 

and eastward transport of sand eroded from the accretionary bulge (B and C).  

Note that accretion within Zone III (D) extends approximately 5300 ft beyond 

T22; indicating that Zone III changes were not inlet induced.  In Figure A, ebb 

channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office).  
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foreshore following hurricane Hazel, in 1954, may have contributed to the accretion recorded 

during this period. 

8/1959 – 3/1962 

Between August 1959 and March 1962, the ebb channel naturally realigned and induced 

shoreline change within Zone I (Appendix Figure C1).  The realignment may have taken placed 

during hurricane Donna in 1960 or during the Ash Wednesday storm, which impacted the study 

area from March 6 to March 8 in 1962.  The data show 114 ft of average accretion occurred 

along the inlet shoreline during this period (Table A5); however, only the shoreline segment 

comprised of transects 1, 2, and 3 prograded (719 ft, 650 ft, and 309 ft respectively).  Accretion 

along transects 1 through 3 was the end-product of the erosion along transects 4 through 8, which 

retreated an average of 153 ft as the flood channel eroded the segment and transported sand 

toward the inlet throat (Figure 38B and C) .  A shore-normal linear bar restricted further 

transport and the sand accumulated along the shoreline fronting transects 1 through 3 (Figure 

38C). 

 Shoreline change along Zone II was minimal between August 1959 and March 1962.  

The shoreline along Zone II lost an average of 36 ft, and with the exception of the shoreline in 

the vicinity of transects 9 and 10 the erosion was evenly distributed along the zone (Figure 38B 

and C). 

The non-IHA oceanfront shoreline (Zone III) prograded between August 1959 and March 

1962.  Although the shoreline segment within this zone built seaward an average of 25 ft, similar 

gains again extended approximately 5000 ft beyond transect 22 indicating that the changes were 

not inlet-related. 
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Figure 38.  Shallotte Inlet Ocean Isle shoreline change from August 1959 to March 

1962.  Yellow arrows indicate location of marginal flood channels.  Yellow boxes 

indicate location of erosion due to wave action and marginal flood channel currents.  

Red box indicates location of shore-normal ebb channel linear bar.  In Figure A, ebb 

channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office).  
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3/1962 – 2/2001 

 The shoreline within the Zone I reach on Ocean Isle eroded 1007 ft during the fourth 

period.  Between March 1962 and August 1971, the ebb channel deflected to the southeast and 

orientations ranged from 88
o
 to 131

o
 until 2001 (Appendix Figures C1 to C3).  As a result, 

marginal flood channel currents continuously scoured the Ocean Isle shoulder for 39 years and 

the segment along Zone I retreated an average of 1007 ft at approximately 26 ft/yr (Tables A5 

and A8).  By November 1975, flood currents eroded the entire unvegetated sand spit, which had 

accumulated along transects 1 through 3 during the previous period (Figure 39A and B).  Figure 

39B and C highlight the location, between transects 2 and 7, where two roads along the inlet 

shoreline were undermined.  Five groins, located between transects 6 and 10 (Figure 39C inset), 

exaggerated erosion along this segment.   The groins captured sand from the eastward tidal 

current transport and effectively starved the downdrift shoreline of sand; increasing erosion 

between transects 1 and 6.  Further flood current-generated erosion persisted along the Zone I 

shoreline through February 2001 as the ebb channel remained skewed to the southeast. 

 Erosion along the Zone II shoreline was less severe (222 ft) than along current-IHA 

shoreline (1007 ft).  However, erosion along this segment undermined several blocks of houses 

along East 1
st
 Street between March 1962 and February 2001 (Figure 40).  After March 1962, the 

southeast skewed ebb-tidal delta provided little to no breakwater effect to the Zone II shoreline.  

The combined action of wave energy and marginal flood channel currents scoured the shoreline 

throughout this period. 

 Zone III again appeared to be eroding due to processes other than Shallotte Inlet ebb 

channel changes.  Similar shoreline changes extended beyond the zone and were inconsistent  
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Figure 39.  Shallotte Inlet Ocean Isle Zone I shoreline change from March 1962 to 

May 1990.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes indicate location of unvegetated spit erosion due to and marginal flood 

channel currents.  Red box indicates location of road undermining.  In Figure A, 

ebb channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office).  
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Figure 40.  Shallotte Inlet Ocean Isle Zone II and Zone III shoreline change from 

March 1962 to February 2001.  Yellow arrows indicate location of marginal flood 

channels.  Yellow boxes indicate location of undermining along East 1
st
 Street.  In 

Figure A, ebb channel orientations indicated by colored tracks with compass bearing 

values (Photographic source USACE Wilmington, NC District Office).  
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with morphological inlet variation.  The non-IHA shoreline retreated at an EPR of 3 ft/yr, which 

is equal to the long-term EPR for the study period (Table A5). 

2/2001 – 9/2003 

The USACE artificially realigned the Shallotte Inlet ebb channel during the fifth period 

(February 2001 to September 2003).  Between February 2001 and June 2001 the USACE 

dredged 1,745,000 yd
3
 of sand from the inlet and deposited it along the eastern 3.25 miles of 

Ocean Isle (USACE, 2002).  The eastward flowing marginal flood channel then carried a portion 

of the beachfill into Zone I and induced 163 ft of average accretion along the inlet shoreline 

(Appendix Figures C3 and C4).  However, a shore-normal linear bar, analogous to the bar in 

Figure 38C, did not develop and by September 2003, eastward flow had formed a spit extending 

approximately 2,000 ft northeast of transect 6 (Figure 41C).   Without regular maintenance 

dredging, the ebb channel will again deflect toward the Holden Beach shoulder and marginal 

flood channel currents will scour the Ocean Isle shoreline.  

Between February 2001 and September 2003 the Zone II shoreline built seaward an 

average of 63 ft.  However, the accretion occurred only between February 2001 and May 2002 

(113 ft) and was a by-product of the USACE nourishment project.  After May 2002, the Zone II 

shoreline eroded at 36 ft/yr through September 2003.  The realigned channel’s orientation did not 

produce accretion along the Zone II shoreline.  Subsequent to realignment the ebb-tidal delta’s 

westernmost extent sheltered only transects 9 and 10 (Figure 42C). 

The USACE nourishment project directly impacted the Zone III shoreline.  Between 

February 2001 and May 2002, nourishment generated an average of 245 ft of accretion between 

transects 15 and 22.  Following the addition however, wave action began scouring the beachfill 

and the zone retreated at 37 ft/yr through September 2003.    
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Figure 41.  Shallotte Inlet Ocean Isle Zone I shoreline change from February 2001 

to September 2003.  Yellow arrows indicate location of marginal flood channels.  

In Figure A, ebb channel orientations indicated by colored tracks with compass 

bearing values (Photographic source USACE Wilmington, NC District Office).  
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Figure 42.  Shallotte Inlet Ocean Isle Zone II and Zone III shoreline change from 

February 2001 to September 2003.  Yellow arrows indicate location of marginal 

flood channels.  Red polygon represents ebb-tidal delta extent in September 2003, 

16 months after the USACE artificial ebb channel realignment. In Figure A, ebb 

channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office).  
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Shallotte Inlet – Holden Beach Shoulder 

3/1938 – 1/1945 

A natural ebb channel realignment occurred between March 1938 and January 1945 (from 229
o
 

to 185
o
) and directly impacted the Holden Beach inlet shoreline (Appendix Figure C1).  A shift 

in back-barrier flow, linked to a breach through the marsh island located between the inlet and 

the AIWW (Figure 43), possibly initiated the realignment.  Increased water levels during the 

unnamed category 1 hurricane that made landfall directly in the study area on August 1, 1944 

could have formed caused the breach.  It is also plausible that back-barrier modification, 

associated with dredging of the Brunswick County AIWW segment during the 1930s, 

contributed to the breach.  Nevertheless, before the breach, ebb flow through the eastern channel 

restricted the formation of recurved spits along the Holden Beach shoulder.  However, as flow 

through the larger western channel increased the main ebb channel migrated 313 ft to the east 

within the inlet throat (Figure 43A).  Consequently, flood currents transported sand into the inlet 

throat and formed a recurved spit along the Holden Beach inlet shoreline, which offset erosion at 

transects 6 through 8 (Figure 43C).  The shoreline along the three easternmost transects in Zone I 

eroded an average of 107 ft when the ebb-tidal delta’s eastern margin migrated westward from 

March 1938 to January 1945 and exposed the segment to wave action (Figure 44C). 

The ebb channel realignment also influenced a portion of the shoreline along Zone II, 

which eroded an average of 66 ft between March 1938 and January 1945 (Figure 44C).  

However, erosion along transects 9 and 10 was twice as great as the zone average. Westward 

migration of the ebb-tidal delta also exposed the shoreline along transects 9 and 10, which 

retreated an average of 123 ft while transects 11 through 23 lost an average of 56 ft.  Erosion 

along the eastern transects may be linked to the aforementioned unnamed 1944 storm. 
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Figure 43.  Shallotte Inlet Holden Beach Zone I shoreline change from March 1938 

to January 1945.  Yellow arrows indicate location of marginal flood channels.  

Yellow boxes indicate location of back-barrier breach associated with the unnamed 

category 1 hurricane that made landfall directly in the study area on August 1, 1944.  

Red boxes indicate location of recurved spit. In Figure A, ebb channel orientations 

indicated by colored tracks with compass bearing values (Photographic source 

USACE Wilmington, NC District Office).  
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Figure 44.  Shallotte Inlet Holden Beach Zone II and III shoreline change from 

March 1938 to January 1945.  Yellow arrows indicate location of marginal flood 

channels.  Green and blue polygons (C) represent ebb-tidal delta extent in March 

1938 and January 1945 respectively.  In Figure A, ebb channel orientations indicated 

by colored tracks with compass bearing values (Photographic source USACE 

Wilmington, NC District Office). 
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          No shoreline change data is available for Zone III between March 1938 and January 1945.  

This segment was not digitized on the January 1945 aerial photograph due to poor resolution 

along the photograph’s eastern edge. 

1/1945 – 8/1959 

 While the ebb channel maintained southwest alignments (185
o
 to 201

o
) between January 

1945 and August 1959, the Holden Beach inlet shoreline prograded (Appendix Figure C1).  

Accretion within this zone occurred as wave action and marginal flood channel currents 

transported sand westward from Zone II.  This is evident in the January 1945 and August 1959 

aerial photograph sequence (Figure 45B and C).  In Figure 45C, erosion is clear along the Zone 

II shoreline, and recurved spits characterize change along the inlet shoreline.  Zone II erosion 

was undoubtedly linked to hurricanes Hazel and Helene, which struck the North Carolina coast 

in 1954 and 1959 respectively as category 4 storms.  Examining Figure 45C reveals washover 

fans when storm-driven waves overtopped the dune line. 

The two aforementioned storms likely caused the erosion along the Zone III shoreline 

between March 1938 and August 1959.  However, quantifying the storms’ direct impacts is 

beyond the scope of this study. 

8/1959 – 3/1962 

The Shallotte Inlet natural ebb channel realignment between August 1959 and March 

1962 controlled Holden Beach shoreline change during the third period (Appendix Figure C1).  

Sometime after the ebb channel attained a more shore-normal orientation (161
o
), a secondary ebb 

channel eroded a portion of the spit that had built during the previous period along transects 1 

and 2 (Figure 46B and C).  Ebb flow in the secondary channel transported a portion of the 

reworked sand eastward; producing accretion along transects 3 and 4, which prograded 106 ft  
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Figure 45.  Shallotte Inlet Holden Beach shoreline change from January 1945 to 

august 1959.  Yellow arrows indicate location of marginal flood channels.  Yellow 

boxes (A and B) indicate location of vegetated recurved dune ridges in August 

1959.  In Figure A, ebb channel orientations indicated by colored tracks with 

compass bearing values (Photographic source USACE Wilmington, NC District 

Office). 
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Figure 46.  Shallotte Inlet Holden Beach shoreline change from August 1959 to 

March 1962.  Yellow arrows indicate location of marginal flood channels.  Dashed 

red arrows indicate a secondary ebb channel.  Yellow boxes indicate location of 

erosion due to secondary ebb channel.  Green and blue polygons (C) represent ebb-

tidal delta extent in August 1959 and March 1962 respectively.  In Figure A, ebb 

channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office). 
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and 19 ft respectively.  The ebb channel realignment also led to a reconfiguration of the ebb-tidal 

delta that provided a wave sheltering effect to for shoreline along transects 7 and 8, which 

prograded 63 ft and 42 ft respectively (Figure 46C).  

The shore-normal ebb channel realignment also impacted the shoreline within Zone II.  

The above mentioned ebb-tidal delta reconfiguration sheltered the shoreline segment along 

transects 9 through 12 and the breakwater effect likely contributed to an average of 8 ft of 

accretion along these transects (Figure 46C).  However, the remaining unsheltered portion of this 

reach eroded and as a result the Zone II shoreline retreated an average of 1 ft. 

The oceanfront reach along Zone III appeared to be beyond the range of inlet influence 

during this period.  Although, the zone lost an average of 60 ft, similar shoreline changes 

extended approximately 1,800 ft beyond transect 26; the eastern most transect in Zone III.   

3/1962 – 2/2001 

Between March 1962 and August 1971 the ebb channel deflected to the southeast (88
o
 in 

August 1971) and maintained southeast alignments throughout the remainder of the period 

(Appendix Figures C1 to C3).  As the ebb channel migrated 202 ft eastward between August 

1971 and February 1987, tidal flow eroded an average of 735 ft from the shoreline along 

transects 1 through 5 (Figure 47B).  Zone I erosion was partially offset as an accretionary bulge 

formed between the ebb channel terminus and the Holden Beach shoreline.  As a result, the 

shoreline in the vicinity of transects 6, 7, and 8 prograded 331 ft, 501 ft, and 539 ft respectively 

(Figure 47C).  The trend of channel induced erosion along the western transects and accretion 

along the eastern transects in Zone I continued through February 2001 (Table A12). 

 The southeast skewed ebb-tidal delta configuration provided a wave sheltering effect to 

the Zone II shoreline during this shoreline change period (Figure 47C).   The consequent  
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Figure 47.  Shallotte Inlet Holden Beach shoreline change from March 1962 to 

February 2001.  Yellow arrows indicate location of marginal flood channels.  

Yellow boxes (A and B) indicate location of ebb channel induced erosion.  Red box 

(C) indicates location of accretionary bulge.  In Figure A, ebb channel orientations 

indicated by colored tracks with compass bearing values (Photographic source 

USACE Wilmington, NC District Office). 

 



 99 

reduction of wave energy and gradual onshore reworking and welding swash bars generated an 

average of 440 ft of accretion along this reach between March 1962 and February 2001. 

 The Zone III shoreline built seaward 180 ft between March 1962 and February 2001 

(Table A5).  The majority of this change (130 ft) occurred between March 1962 and August 

1971 when the severely southeast skewed ebb channel alignment permitted swash bar migration 

onto the Holden Beach shoreline segment (Appendix Figure C2).  

2/2001 – 9/2003 

 The USACE’s artificial ebb channel realignment influenced shoreline change trends 

along the Holden Beach shoulder of Shallotte Inlet between February 2001 and September 2003 

(Appendix Figures C3 and C4).  The realignment of the ebb channel from 103
o
 to 168

o
 caused an 

expansion of the flood channel along Holden Beach.  As the ebb channel attained a near shore-

normal alignment through the center of the inlet, the flood channel eroded an average of 49 ft 

from the Zone I shoreline between February 2001 and May 2002 (Figure 48B).  However, the 

inlet shoreline recovered between May 2002 and September 2003.  Onshore swash bar migration 

and subsequent redistribution by marginal flood channel currents, added an average of 125 ft to 

the shoreline within this reach.  This response is evident in Figure 48C, which reveals landward 

re-curving sand spits, indicating westward transport.   

Between February 2001 and September 2003 the bar-bypassing episode (FITZGERALD et 

al., 2000), produced an average of 105 ft of progradation along the Zone II shoreline.  Prior to 

channel realignment, the attachment zone for swash bars was clustered between transects 9 

through 15 (Figure 49A).  Consequently, following the USACE ebb channel realignment, waves 

subsequently reworked these swash bars landward and created, as a by-product, the non-linear 

shoreline along Zone II seen in Figure 49B.  The largest average gains in Zone II occurred along  
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Figure 48.  Shallotte Inlet Holden Beach Zone I and II shoreline change from 

February 2001 to September 2003.  Yellow arrows indicate location of marginal 

flood channels.  Yellow boxes (A and B) indicate location of flood channel induced 

erosion between February 2001 and May 2002.  Red box (C) indicates location of 

landward curving spits generated by the redistribution of onshore migrating swash 

bars.  In Figure A, ebb channel orientations indicated by colored tracks with 

compass bearing values (Photographic source USACE Wilmington, NC District 

Office). 
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Figure 49.  Shallotte Inlet Holden Beach Zone II and III shoreline change from 

February 2001 to September 2003.  Yellow arrow indicates location of marginal 

flood channel.  Yellow boxes indicate location of ebb-tidal delta swash bars, which 

migrated onshore between May 2002 and September 2003.  In Figure A, ebb 

channel orientations indicated by colored tracks with compass bearing values 

(Photographic source USACE Wilmington, NC District Office). 
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transects 9 through 15, where the shoreline accreted an average of 133 ft.  A portion of this sand 

was redistributed eastward and added an average of 81 ft to the shoreline along transects 16 

through 23. 

The shoreline within the Zone III reach also appeared to be influenced by the artificial 

ebb channel realignment; an average of 63 ft of accretion was recorded along this segment 

between February 2001 and September 2003.  It is likely that incident waves redistributed a 

portion of the sand the accretionary bulge; causing the shoreline in the vicinity of transects 24 

through 26 to prograde. 

It is important to note that since the USACE realignment in early 2001, the ebb channel 

has again begun deflecting to the southeast.  This process is illustrated in the photographs that 

became available following the conclusion of the data analysis portion of this study (Figure 50 

and Appendix Figure C4).  As a result of the deflection, shoreline change trends will soon mimic 

those that occurred between March 1962 and February 2001 if the USACE does not commit to a 

maintenance dredging program.  

CONCLUSIONS 

 Historically, the ebb channel orientation at Lockwoods Folly and at Shallotte Inlets has 

directly influenced shoreline change along the adjacent barrier shoreline segments.  Although 

shoreline response to ebb channel orientation changes was variable along these segments, several 

general trends were identified in the data recorded since 1938.  

During periods when the ebb channel of Lockwoods Folly Inlet or Shallotte Inlet steadily 

deflected to the southeast or remained skewed to the southeast the inlet shoreline and oceanfront 

shoreline on the western barriers typically eroded.  Erosion along these reaches occurred as a 

result of increased exposure to wave action due to eastward migration of the ebb shoal complex,  
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Figure 50. April 2006 Shallotte Inlet aerial photograph.  Note the southeast ebb 

channel orientation. Also note severe erosion in the bottom left corner of the 

photograph.  Homeowners have armored the shoreline with sand bags in an effort to 

prevent undermining (Photographic source USACE Wilmington, NC District Office). 
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and due to the subsequent expansion of the western marginal flood channel.  Along the inlets’ 

eastern barriers, southeast ebb channel alignments induced progradation by two processes; 1) the 

southeast skewed ebb shoal complex providing a breakwater effect permitted the build up and 

onshore migration of swash bars, and 2) the sediment transport reversal, generated by wave 

refraction around the ebb-tidal delta, transported sand toward the inlet throat where it 

accumulated between shoreline and the ebb channel.  The combined processes routinely formed 

an accretionary bulge along the downdrift barrier shoreline at the ebb channel’s terminus.  

During periods when the ebb channel realigned to near shore-normal orientations, the 

western barriers experienced brief periods of accretion (4 to 8 years) prior to undergoing chronic 

erosion.  Shore-normal ebb channel alignments afforded a short-term wave sheltering effect to 

the western barriers and the shore-normal linear bar behaved as a groin-like feature trapping sand 

leading to progradation of the barrier’s inlet shoreline.  However, each time the ebb channel 

deflected to the southeast, the ebb-tidal delta reconfigured to the east and tidal currents in the 

expanding flood channel eroded temporary accretion.  Simultaneously, shore-normal 

realignments generated accretion along the eastern barrier islands’ oceanfront shoreline segments 

within 2 to 5 years and initiated short-term erosion along their inlet shoreline segments.  As 

incident waves and flood tidal currents reworked swash bars onto the oceanfront shorelines they 

eroded the inlet shorelines.  Subsequent southeast ebb channel deflection sheltered these gains 

from incident wave action and permitted a redistribution of sediment along the inlet shoreline 

segment.  These trends suggest that an analysis of recent (post 2008) aerial photographs of 

Shallotte Inlet will reveal that the Holden Beach inlet and oceanfront shoreline segments have 

accreted while chronic erosion has resumed along the Ocean Isle inlet and oceanfront shoreline 

segments. 
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Comparison with USACE Monitoring Reports 

In this dynamic coastal setting an opportunity to compare the results of multiple studies 

should not be overlooked.  The availability of USACE project monitoring reports (USACE, 2002 

and USACE, 2005) has provided such an opportunity and a discussion of their results in 

comparison with this study’s findings follows below.  As a reference, the shoreline segment 

along Zones II and III in this study corresponds to the segment termed “oceanfront shoreline” in 

the USACE reports (Figure 51). 

The data from this study are in agreement with the findings of the Monitoring Reports.  

The 2005 USACE report states that the May 2004 Ocean Isle oceanfront shoreline was 

approximately 150 ft seaward of its 2001 location.  Data from the current study indicate that 

between 63 ft and 222 ft of average progradation occurred along Zones II and III between 

February 2001 and September 2003 (Table A5).  Along the Holden Beach oceanfront segment, 

the USACE documents between 47 ft and 205 ft of accretion.  This study found similar increases 

ranging from 63 ft to 105 ft.   

Although the findings of both studies agree quantitatively, this study suggests that the 

2001 realignment did not directly mitigate chronic erosion along the Ocean Isle shoreline in the 

vicinity of transects 9 through 12, the segment that has experienced chronic inlet-related erosion 

since the mid-1960s.  Accretion within this shoreline reach was most likely linked to 

redistribution of the adjacent beachfill, that extended approximately 3.25 miles west from 

transect 11.  As anticipated, the ebb channel realignment did induce onshore swash bar migration 

(USACE, 2005).  However, this process only impacted the Ocean Isle inlet shoreline (Figure 41 

and Appendix Figure C4).  Thus, the ebb channel realignment itself did not mitigate Ocean Isle 

oceanfront erosion. 
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Figure 51. Location of shore-normal transects used to calculate 

shoreline change along the “oceanfront” shoreline segment in 

the 2005 USACE monitoring report (A) and in this study (B) 

(Photographic source USACE Wilmington, NC District 

Office). 
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  OI Oceanfront HB Oceanfront 

    

USACE (2/2001-5/2004) +150 ft +57 ft to +205 ft 

This Study (2/2001- 9/2003)  +63 ft to +222ft  +63 ft to +105 ft 

   

 

Table 4. Ocean Isle and Holden Beach “oceanfront” shoreline change from February 

2001 to May 2004.  
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Furthermore, Shallotte Inlet’s ebb channel has already begun deflecting to the southeast 

(Figure 50).  In order to have successfully, but only temporarily, mitigated erosion problems on 

the Ocean Isle segment, via ebb channel realignment, the USACE should have dredged the new 

channel directly adjacent to the Ocean Isle inlet shoreline.  A main ebb channel dredged through 

the February 2001 secondary ebb channel, highlighted in Appendix Figure C4, would have likely 

maintained near shore-normal orientations for a longer period of time prior to deflecting.  As a 

result, the shoreline along transects 9 through 12 may have accreted due its proximity to the 

linear bar.  However, as the results of this study show, the ebb channels at Shallotte and 

Lockwoods Folly Inlets begin deflecting within 3 to 11 years subsequent natural or artificial 

shore-normal realignments (Figures 11, 17, and 50).  In order to maintain shore-normal ebb 

channel alignments at Shallotte Inlet the USACE must employ a routine dredging schedule.  

This study emphasizes the high variability of shoreline change adjacent to Lockwoods 

Folly and Shallotte Inlets.  The data indicate that ebb channel orientation changes frequently 

promoted short-term shoreline rates of change that were twice as great as the long-term average.  

Additional nonlinear variables (i.e. wind, wave action, tidal regime, channel shape) also 

influence tidal inlet morphology and further complicate coastal management plans within inlet 

hazard areas.  As the cost of importing high-quality beach compatible material for beachfill 

projects rises, and the ban on the construction of shoreline hardening structures continues, 

coastal planners and engineers must have an understanding of the link between ebb channel 

orientations and adjacent shoreline change trends when excavating sand from ebb-tidal deltas for 

the purpose of beach-nourishment.   

 

 



 109 

LITERATURE CITED 

BUDDE, L.E., 2008. Barrier island progradation related to inlet spacing and migration patterns. 

Wilmington, North Carolina: University of North Carolina Wilmington, Master’s thesis, 105p. 

 

CLEARY, W.J., 1994. New Topsail Inlet, N.C. migration and barrier realignment: consequences 

for beach restoration. Union Geographique Internationale Commission su L’environment Crotier 

C, Institute de Geographique, 116-130. 

 

CLEARY, W.J. and HOSIER, P.E., 1978. Geomorphology, washover history, and inlet zonation: 

Cape Lookout, NC to Bird Island, NC. In: S.P. Leatherman (ed.), Barrier Islands: From the Gulf 

of St. Lawrence to the Gulf of Mexico. New York: Academic Press, pp. 237 -271. 

 

CLEARY, W. J. and MARDEN, T.P., 1999. Shifting Shorelines: A Pictorial Atlas of North Carolina 

Inlets. North Carolina Sea Grant Publication, 99-4. Raleigh, NC, 60 p. 

 

CLEARY, W.J.; MCLEOD, M.A.; RAUSCHER, M.A.; JOHNSTON, M.J., and RIGGS, S.R., 2000. Beach 

nourishment on hurricane impacted barriers in southeastern North Carolina, USA: Targeting 

shoreface and tidal inlet sand resources. Journal of Coastal Research Special Issue 34, 232-255. 

 

CROSSET, K.M.; CULLITON, T.J.; WILEY, P.C., and GOODSPEED, T.R., 2004. Population trends 

along the coastal United States: 1980-2008. National Oceanic and Atmospheric Administration, 

NOAA’s National Ocean Service Management and Budget Office, Special Project, 54p.   

 

DEAN, R.G and WALTON, T.L. Jr., 1973. Sediment transport processes in the vicinity of inlets 

with special reference to sand trapping. Estuarine Research, 2, 129-149 

 

DOLAN, R.; FENSTER, M.S., and HOLME, S.J., 1991. Temporal analysis of shoreline recession and 

accretion. Journal of Coastal Research, 7(3), 723-744. 

 

ESRI Data & Maps [CD-ROM]. (2002). Redlands, CA: Environmental Systems Research 

Institute. 

 

FENSTER, M.S. and DOLAN, R., 1996. Assessing the impact of tidal inlets on adjacent barrier 

island shorelines. Journal of Coastal Research, 12(1), 294-310. 

 

FITZGERALD, D.M., 1984. Interactions between the ebb-tidal delta and landward shoreline; Price 

Inlet, South Carolina. Journal of Sedimentary Petrology, 54, 1303-1318. 

 

FITZGERALD, D.M., 1996. Geomorphic variability and morphologic and sedimentologic controls 

on tidal inlets. Journal of Coastal Research, 23, 47-71. 

 

FITZGERALD, D.M. and HAYES, M.O., 1980. Tidal inlet effects on barrier island management. 

Coastal Zone ’80 Proceedings, 2355-2379. 

 



 110 

FITZGERALD, D.M.; KRAUS, N.C., and HANDS, E.B., 2000. Natural Mechanisms of sediment 

bypassing at tidal inlets. ERDC/CHL CHETN-IV-30, U.S. Army Engineer Research and 

Development Center, Vicksburg, MS. 

 

HAYES, M.O., 1978. Barrier island morphology as a function of tidal and wave regime. In: S.P. 

Leatherman (ed.), Barrier Islands: From the Gulf of St. Lawrence to the Gulf of Mexico. New 

York: Academic Press, pp. 1-28. 

 

HAYES, M.O., 1980. General morphology and sediment patterns in tidal inlets. Sedimentary 

Geology, 26, 139-156. 

 

HUGHES, M.L.; MCDOWELL, P.F., and MARCUS, W.A., 2006.  Accuracy assessment of 

georectified aerial photographs: Implications for measuring lateral channel movement in a GIS. 

 

JACKSON, C.W., 2004. Quantitative shoreline change analysis of an inlet-influenced transgressive 

barrier system: Figure Eight Island, North Carolina. Wilmington, North Carolina, Master’s 

thesis, 86p. 

 

JENSEN, R.E., 1983. Atlantic coast hindcast, shallow water, significant wave information. 

Vicksburg, MS: U.S. Army Engineer Waterways Experiment Station. WIS Report No. 9. 

 

MARDEN, T., 1999. Holden Beach, North Carolina: Historic and contemporaneous barrier island 

and inlet changes. Wilmington, North Carolina: University of North Carolina Wilmington, 

Master’s thesis, 75p. 

 

MEISBURGER, E.P., 1979. Reconnaissance geology of the inner continental shelf, Cape Fear 

region, North Carolina. U.S. Army Corps of Engineers, Coastal Engineering Research Center, 

Technical Report, TP79-3, 135p. 

 

NORTH CAROLINA BUSINESS ALLIANCE FOR A SOUND ECONOMY (NCBASE), 2008. Conceptual 

Inlet Hazard Zone Rules, [internet] 19 August. Available at: 

http://ncbase.org/component/content/article/1-latest-news/158-conceptual-inlet-hazard-zone-

rules-.html [Accessed 11 January 2009]. 

 

NORTH CAROLINA DIVISION OF COASTAL MANAGEMENT (NCDCM), 2006. CAMA Rules and 

Policies: Current Rules. North Carolina Administrative Code Title 15A, Chapter 7, Coastal 

Management, Subchapter 7H, Section .0304, [internet] 1 February. Available at: 

http://www.nccoastalmanagement.net/Rules/Text/t15a-07h.0300.pdf [Accessed 11 January 

2009]. 

 

NORTH CAROLINA DIVISION OF COASTAL MANAGEMENT (NCDCM), 2009.  The Coastal Area 

Management Act: Article 7, Coastal Area Management, Part 1, § 113A-115.1, Limitations on 

erosion control structures, [internet] 6 January. Available at: 

http://dcm2.enr.state.nc.us/Rules/cama.htm [Accessed 13 January 2009]. 

 



 111 

SEABERGH, W.C., 2006. Hydrodynamics of tidal inlets. Vicksburg, MS: U.S. Army Corps of 

Engineers, Coastal and Hydraulics Laboratory. Coastal Engineering Manual No. EM 1110-2-

1100, 79p. 

 

U.S. ARMY CORPS OF ENGINEERS, WILMINGTON DISTRICT STAFF, 2002. Ocean Isle Beach 

nourishment project: inlet and shoreline monitoring. Wilmington, NC: U.S. Army Corps of 

Engineers, Report No. 1, 39p. 

 

U.S. ARMY CORPS OF ENGINEERS, WILMINGTON DISTRICT STAFF, 2005. Ocean Isle Beach 

nourishment project: inlet and shoreline monitoring. Wilmington, NC: U.S. Army Corps of 

Engineers, Report No. 2, 57p. 

 

U.S. ARMY CORPS OF ENGINEERS, WILMINGTON DISTRICT STAFF, 2009. Internal document, 

dredging report. Wilmington, NC: U.S. Army Corps of Engineers. 

 

VAN HETEREN, S.; OOST, A.P.; VAN DER SPEK, A.J.F., and ELIAS, E.P.L., 2006. Island-terminus 

evolution related to changing ebb-tidal delta configuration: Texel, The Netherlands. Marine 

Geology, 235, 19-33. 

 

WALTON, T.L. JR., 2005. A review of inlet bypassing solutions with nomographs. Coastal 

Engineering, 52, 1127-1132. 

 

WHITE, S.A. and WANG, Y., 2003. Utilizing DEMs derived from LIDAR data to analyze 

morphologic change in the North Carolina coastline. Remote Sensing of Environment, 85, 39-47. 

 

 

 

 

 

 

 



 112 

APPENDIX 



 113 

APPENDIX A. SHORELINE CHANGE TABLES 

 



 114 

 

 

 

          

Lockwoods Folly Inlet 
     

Period 

Holden Beach Oak Island 

Transect SD (ft) Transect SD (ft) 

4/5/1938-6/1/2008  1 161 1 332 

4/5/1938-6/1/2008  2 199 2 249 

4/5/1938-6/1/2008  3 249 3 219 

4/5/1938-6/1/2008  4 233 4 221 

4/5/1938-6/1/2008  5 210 5 230 

4/5/1938-6/1/2008  6 184 6 229 

4/5/1938-6/1/2008  7 124 7 240 

4/5/1938-6/1/2008  8 107 8 175 

4/5/1938-6/1/2008  9 97 9 115 

4/5/1938-6/1/2008  10 90 10 106 

4/5/1938-6/1/2008  11 88 11 96 

4/5/1938-6/1/2008  12 95 12 77 

4/5/1938-6/1/2008  13 91 13 62 

4/5/1938-6/1/2008  14 86 14 63 

4/5/1938-6/1/2008  15 99 15 62 

4/5/1938-6/1/2008  16 90 16 60 

4/5/1938-6/1/2008  17 84 17 79 

4/5/1938-6/1/2008  18 68 18 121 

4/5/1938-6/1/2008  19 64 19 89 

4/5/1938-6/1/2008  20 64 20 72 

4/5/1938-6/1/2008  21 55 21 169 

4/5/1938-6/1/2008  22 72 22 107 

 

 

 

 

 

 

 

 

Table A1. Summary of Lockwoods Folly Inlet Holden Beach 

and Oak Island standard deviation of shoreline change from 

April 1938 to June 2008. 
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Shallotte Inlet 
     

Period 

Ocean Isle Shoulder Holden Beach Shoulder 

Transect SD (ft) Transect SD (ft) 

3/28/1938-9/20/2003 1 352 1 285 

3/28/1938-9/20/2003 2 477 2 276 

3/28/1938-9/20/2003 3 533 3 265 

3/28/1938-9/20/2003 4 479 4 155 

3/28/1938-9/20/2003 5 435 5 117 

3/28/1938-9/20/2003 6 351 6 162 

3/28/1938-9/20/2003 7 254 7 213 

3/28/1938-9/20/2003 8 202 8 276 

3/28/1938-9/20/2003 9 167 9 310 

3/28/1938-9/20/2003 10 132 10 319 

3/28/1938-9/20/2003 11 137 11 318 

3/28/1938-9/20/2003 12 128 12 309 

3/28/1938-9/20/2003 13 88 13 292 

3/28/1938-9/20/2003 14 76 14 243 

3/28/1938-9/20/2003 15 69 15 201 

3/28/1938-9/20/2003 16 65 16 171 

3/28/1938-9/20/2003 17 67 17 145 

3/28/1938-9/20/2003 18 76 18 134 

3/28/1938-9/20/2003 19 83 19 107 

3/28/1938-9/20/2003 20 85 20 101 

3/28/1938-9/20/2003 21 90 21 92 

3/28/1938-9/20/2003 22 87 22 80 

3/28/1938-9/20/2003 - - 23 70 

3/28/1938-9/20/2003 - - 24 69 

3/28/1938-9/20/2003 - - 25 69 

3/28/1938-9/20/2003 - - 26 71 

Table A2. Summary of Shallotte Inlet Ocean Isle and Holden 

Beach standard deviation of shoreline change from March 1938 

to September 2003. 
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Lockwoods Folly Inlet 

             

Holden Beach  Oak Island  

         

Zone I  Zone I 

Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr)  Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr) 

4/5/1938-6/1/2008  -336 -5 -6  4/5/1938-6/1/2008  349 5 6 

4/5/1938-3/25/1956 -203 -11 -  4/5/1938-3/25/1956 -73 -4 - 

3/25/1956-3/13/1962 -130 -22 -  3/25/1956-3/13/1962 89 15 - 

3/13/1962-1/8/1974 -26 -2 -  3/13/1962-1/8/1974 -132 -11 - 

1/8/1974-3/24/1986 45 4 -  1/8/1974-3/24/1986 -151 -12 - 

3/24/1986-5/16/2002  -112 -7 -  3/24/1986-5/16/2002  515 32 - 

5/16/2002-6/1/2008 91 15 -  5/16/2002-6/1/2008 100 16 - 

          

Zone II  Zone II 

Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr)  Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr) 

4/5/1938-6/1/2008  -242 -3 -4  4/5/1938-6/1/2008  66 <1 <1 

4/5/1938-3/25/1956 -87 -5 -  4/5/1938-3/25/1956 57 3 - 

3/25/1956-3/13/1962 -39 -7 -  3/25/1956-3/13/1962 -75 -13 - 

3/13/1962-1/8/1974 45 4 -  3/13/1962-1/8/1974 104 9 - 

1/8/1974-3/24/1986 -122 -10 -  1/8/1974-3/24/1986 -134 -11 - 

3/24/1986-5/16/2002  -54 -3 -  3/24/1986-5/16/2002  217 13 - 

5/16/2002-6/1/2008 14 2 -  5/16/2002-6/1/2008 -102 -17 - 

          

Zone III  Zone III  

Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr)  Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr) 

4/5/1938-6/1/2008  -85 -1 -2  4/5/1938-6/1/2008  -6 <1 <1 

4/5/1938-3/25/1956 -17 -1 -  4/5/1938-3/25/1956 -69 -4 - 

3/25/1956-3/13/1962 -49 -8 -  3/25/1956-3/13/1962 -66 -11 - 

3/13/1962-1/8/1974 -11 -1 -  3/13/1962-1/8/1974 33 3 - 

1/8/1974-3/24/1986 -47 -4 -  1/8/1974-3/24/1986 -5 <1 - 

3/24/1986-5/16/2002  -117 -7 -  3/24/1986-5/16/2002  32 2 - 

5/16/2002-6/1/2008 156 26 -   5/16/2002-6/1/2008 42 7 - 

 

 

Table A3. Summary of Lockwoods Folly Inlet Holden Beach and Oak Island zone-

wide shoreline change by period. Cumulative changes from April 1938 to June 

2008 are listed in bold. 
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Lockwoods Folly Inlet 

          

Holden Beach  Oak Island  

       

Zone I  Zone I 

Period Transect 

Distance 

(ft)  Period Transect 

Distance 

(ft) 

4/5/1938-6/1/2008  5 -387  4/5/1938-6/1/2008  1 574 

4/5/1938-3/25/1956 3 -450  4/5/1938-3/25/1956 2 -537 

3/25/1956-3/13/1962 3 -191  3/25/1956-3/13/1962 5 264 

3/13/1962-11/1/1975 3 244  3/13/1962-11/1/1975 1 -386 

11/1/1975-3/24/1986 2 -255  11/1/1975-3/24/1986 5 -379 

3/24/1986-5/16/2002  7 -221  3/24/1986-5/16/2002  7 806 

5/16/2002-6/1/2008 4 238  5/16/2002-6/1/2008 1 723 

       

Zone II  Zone II 

Period Transect 

Distance 

(ft)  Period Transect 

Distance 

(ft) 

4/5/1938-6/1/2008  9 -324  4/5/1938-6/1/2008  11 100.47 

4/5/1938-3/25/1956 9 -116  4/5/1938-3/25/1956 11 176 

3/25/1956-3/13/1962 15 -73  3/25/1956-3/13/1962 11 -158 

3/13/1962-11/1/1975 11 26  3/13/1962-11/1/1975 12 168 

11/1/1975-3/24/1986 12 -117  11/1/1975-3/24/1986 12 -151 

3/24/1986-5/16/2002  14 -80  3/24/1986-5/16/2002  11 259 

5/16/2002-6/1/2008 15 114  5/16/2002-6/1/2008 11 -140 

       

Zone III  Zone III  

Period Transect 

Distance 

(ft)  Period Transect 

Distance 

(ft) 

4/5/1938-6/1/2008  16 -123  4/5/1938-6/1/2008  21 -54 

4/5/1938-3/25/1956 16 -40  4/5/1938-3/25/1956 20 -90 

3/25/1956-3/13/1962 17 -87  3/25/1956-3/13/1962 22 -127 

3/13/1962-11/1/1975 20 -75  3/13/1962-11/1/1975 20 28 

11/1/1975-3/24/1986 16 -98  11/1/1975-3/24/1986 20 -21 

3/24/1986-5/16/2002  16 -65  3/24/1986-5/16/2002  16 141 

5/16/2002-6/1/2008 16 118   5/16/2002-6/1/2008 22 152 

 

 

Table A4. Summary of Lockwoods Folly Inlet Holden Beach and Oak Island 

maximum shoreline change by period. Cumulative changes from April 1938 

to June 2008 are listed in bold. 
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Shallotte Inlet 

             

Ocean Isle Shoulder  Holden Beach Shoulder 

         

Zone I  Zone I 

Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr)  Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr) 

3/28/1938-9/20/2003 -608 -9 -13  3/28/1938-9/20/2003 253 4 3 

3/28/1938-1/23/1945 -258 -38 -  3/28/1938-1/23/1945 -67 -10 - 

1/23/1945-8/1/1959 381 26 -  1/23/1945-8/1/1959 209 14 - 

8/1/1959-3/13/1962 114 44 -  8/1/1959-3/13/1962 -31 -12 - 

3/13/1962-2/7/2001 -1007 -26 -  3/13/1962-2/7/2001 66 2 - 

2/7/2001-9/20/2003 163 63 -  2/7/2001-9/20/2003 77 29 - 

         

Zone II  Zone II 

Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr)  Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr) 

3/28/1938-9/20/2003 -171 -3 -4  3/28/1938-9/20/2003 377 6 7 

3/28/1938-1/23/1945 80 12 -  3/28/1938-1/23/1945 -66 -10 - 

1/23/1945-8/1/1959 -55 -4 -  1/23/1945-8/1/1959 -105 -7 - 

8/1/1959-3/13/1962 -36 -14 -  8/1/1959-3/13/1962 -1 <1 - 

3/13/1962-2/7/2001 -222 -6 -  3/13/1962-2/7/2001 440 11 - 

2/7/2001-9/20/2003 63 24 -  2/7/2001-9/20/2003 105 40 - 

         

Zone III  Zone III  

Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr)  Period 

Change 

(ft) 

EPR 

(ft/yr) 

LRR 

(ft/yr) 

3/28/1938-9/20/2003 189 3 1  3/28/1938-9/20/2003 26 <1 2 

3/28/1938-1/23/1945 -17 -3 -  - - - - 

1/23/1945-8/1/1959 65 4 -  3/28/1938-8/1/1959 -156 -7 - 

8/1/1959-3/13/1962 25 10 -  8/1/1959-3/13/1962 -60 -23 - 

3/13/1962-2/7/2001 -106 -3 -  3/13/1962-2/7/2001 180 5 - 

2/7/2001-9/20/2003 222 85 -   2/7/2001-9/20/2003 63 24 - 

 

 

 

Table A5. Summary of Shallotte Inlet Ocean Isle and Holden Beach zone-wide 

shoreline change by period.  Cumulative changes March 1938 to June 2003 are listed 

in bold. 
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Shallotte Inlet 

          

Ocean Isle  Holden Beach 

       

Zone I  Zone I 

Period Transect 

Distance 

(ft)  Period Transect 

Distance 

(ft) 

3/28/1938-9/20/2003 2 and 3 -881  3/28/1938-9/20/2003 8 536 

3/28/1938-1/23/1945 4 -478  3/28/1938-1/23/1945 7 -135 

1/23/1945-8/1/1959 4 794  1/23/1945-8/1/1959 3 422 

8/1/1959-3/13/1962 1 719  8/1/1959-3/13/1962 1 -262 

3/13/1962-2/7/2001 3 -1551  3/13/1962-2/7/2001 8 479 

2/7/2001-9/20/2003 1 678  2/7/2001-9/20/2003 6 404 

       

Zone II  Zone II 

Period Transect 

Distance 

(ft)  Period Transect 

Distance 

(ft) 

3/28/1938-9/20/2003 11 -373  3/28/1938-9/20/2003 11 649 

3/28/1938-1/23/1945 9 194  3/28/1938-1/23/1945 9 -137 

1/23/1945-8/1/1959 12 -146  1/23/1945-8/1/1959 13 -139 

8/1/1959-3/13/1962 9 -62  8/1/1959-3/13/1962 20 -70 

3/13/1962-2/7/2001 9 -356  3/13/1962-2/7/2001 11 687 

2/7/2001-9/20/2003 15 110  2/7/2001-9/20/2003 10 156 

       

Zone III  Zone III  

Period Transect 
Distance 

(ft)  Period Transect 
Distance 

(ft) 

3/28/1938-9/20/2003 20 216  3/28/1938-9/20/2003 20 601 

3/28/1938-1/23/1945 22 -74  - - - 

1/23/1945-8/1/1959 18 75  3/28/1938-8/1/1959 26 20 

8/1/1959-3/13/1962 22 45  8/1/1959-3/13/1962 24 -37 

3/13/1962-2/7/2001 18 -117  3/13/1962-2/7/2001 24 231 

2/7/2001-9/20/2003 22 265   2/7/2001-9/20/2003 24 95 

Table A6. Summary of Lockwoods Folly Inlet Holden Beach and Oak 

Island maximum shoreline change by period. Cumulative changes from 

April 1938 to June 2008 are listed in bold. 
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  Holden Beach   Oak Island 

 Cumulative Shoreline Change (ft)   Cumulative Shoreline Change (ft) 

 Zone I Zone II Zone III All   Zone I Zone II Zone III All 

Date 1 to 8 9 to 15 16 to 22 1 to 22   1 to 9 10 to 15 16 to 22 1 to 22 

4/5/1938 0 0 0 0  0 0 0 0 

11/19/1949 -101 9 -50 -50  -71 63 -34 -21 

3/25/1956 -203 -87 -17 -127  -73 57 -69 -31 

8/16/1959 -203 -91 -65 -123  -62 50 -4 -15 

3/13/1962 -333 -126 -66 -182  17 -18 -134 -26 

11/1/1971 -367 -161 No Data -279  -71 35 -128 -49 

1/8/1974 -359 -81 -77 -204  -115 86 -101 -49 

3/23/1975 -382 -117 -91 -205  -70 61 -97 -34 

11/1/1975 -252 -123 -112 -169  -131 34 -90 -68 

11/1/1978 -241 -84 -60 -145  -225 62 -67 -101 

10/25/1984 -223 -181 -138 -200  -298 -24 -86 -176 

3/24/1986 -315 -203 -124 -228  -267 -48 -106 -164 

1/29/1988 -455 -200 -95 -276  -106 -47 -24 -76 

3/25/1989 -458 -155 -104 -249  69 23 -85 22 

1/11/1990 -511 -191 -168 -339  -16 -77 -119 -45 

4/7/1994 -596 -228 -169 -343  168 6 -144 79 

1/22/1996 -563 -235 -135 -331  174 10 -117 71 

3/13/1998 -604 -273 -231 -424  253 15 -106 102 

11/6/1999 -647 -296 -206 -395  282 97 -53 153 

3/10/2001 -587 -282 -173 -358  277 95 -122 136 

9/28/2001 -435 -248 -74 -298  223 85 -103 111 

5/16/2002 -426 -256 -241 -340  249 168 -74 155 

3/10/2003 -433 -230 -140 -289  109 144 -13 94 

8/15/2003 -409 -242 -166 -304  120 140 -96 126 

6/1/2008 -336 -242 -85 -226   349 66 -33 179 

 

Table A7. Summary of Lockwoods Folly Inlet Holden Beach and Oak Island zone-

averaged cumulative shoreline change from April 1938 to June 2008. 

Lockwoods Folly Inlet 
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Shallotte Inlet 

  Ocean Isle   Holden Beach 

 Cumulative Shoreline Change (ft)   Cumulative Shoreline Change (ft) 

 Zone I Zone II Zone III All   Zone I Zone II Zone III All 

Date 1 to 8 9 to 15 16 to 22 1 to 22   1 to 8 9 to 23 24 to 26 1 to 26 

3/28/1938 0 0 0 0   0 0 0 0 

1/23/1945 -258 80 -17 -74  -67 -66 No Data -66 

8/1/1959 122 25 48 68  142 -168 -156 -71 

3/13/1962 236 -11 73 106  111 -169 -216 -88 

8/1/1971 141 4 98 84  138 -88 -86 -18 

11/1/1975 21 37 70 42  89 -11 -61 20 

2/8/1987 -329 -89 80 -123  -151 195 -16 64 

5/8/1990 -420 -123 129 -151  86 215 -32 147 

11/29/1993 -510 -112 39 -209  149 146 -71 122 

8/9/1996 -633 -189 15 -285  202 277 No Data 248 

6/17/1998 -739 -229 -25 -350  173 279 -24 212 

2/7/2001 -771 -234 -33 -365  177 272 -36 207 

5/16/2002 -720 -123 219 -232  128 306 16 218 

9/20/2003 -608 -171 189 -215   253 377 26 298 

 

 

 

Table A8. Summary of Shallotte Inlet Ocean Isle and Holden Beach zone-averaged 

cumulative shoreline change from March 1938 to September 2003. 



 122 

 

 

              

Lockwoods Folly Inlet 
       

Holden Beach Cumulative Shoreline Change (ft) 

Date Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 

4/5/1938 0 0 0 0 0 0 

11/19/1949 -52 -118 -273 -233 -79 -49 

3/25/1956 -118 -243 -450 -361 -193 -90 

8/16/1959 -76 -285 -441 -356 -147 -83 

3/13/1962 -239 -348 -641 -490 -298 -224 

11/1/1971 -175 -339 -627 -542 -439 -386 

1/8/1974 -277 -504 -625 -511 -477 -217 

3/23/1975 -277 -492 -657 -562 -442 -307 

11/1/1975 -40 -119 -397 -484 -369 -318 

11/1/1978 -97 -182 -367 -388 -379 -287 

10/25/1984 66 -159 -484 -322 -244 -199 

3/24/1986 -46 -374 -614 -536 -457 -262 

1/29/1988 -300 -608 -862 -677 -393 -339 

3/25/1989 -414 -663 -893 -751 -547 -267 

1/11/1990 -208 -559 -904 -844 -672 -503 

4/7/1994 -442 -694 -993 -958 -721 -553 

1/22/1996 -354 -624 -893 -823 -776 -571 

3/13/1998 -473 -645 -846 -809 -688 -682 

11/6/1999 -491 -685 -1026 -979 -692 -507 

3/10/2001 -373 -588 -875 -760 -674 -588 

9/28/2001 -18 -348 -670 -693 -618 -504 

5/16/2002 -209 -333 -608 -626 -576 -472 

3/10/2003 -298 -530 -745 -617 -391 -347 

8/15/2003 -335 -409 -693 -678 -367 -267 

6/1/2008 -92 -378 -374 -387 -386 -357 

 

Table A9a. Summary of Lockwoods Folly Inlet Holden Beach cumulative shoreline change 

along transects 1 through 6 from April 1938 to June 2008. 
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Lockwoods Folly Inlet 
       

Holden Beach Cumulative Shoreline Change (ft) 

Date Transect 7 Transect 8 Transect 9 Transect 10 Transect 11 Transect 12 

4/5/1938 0 0 0 0 0 0 

11/19/1949 -28 23 21 18 -11 23 

3/25/1956 -90 -81 -116 -102 -100 -76 

8/16/1959 -130 -104 -110 -103 -100 -80 

3/13/1962 -264 -160 -165 -128 -147 -90 

11/1/1971 -261 -169 -140 -170 -169 -163 

1/8/1974 -164 -101 -90 -90 -92 -60 

3/23/1975 -180 -140 -127 -102 -124 -77 

11/1/1975 -151 -141 -147 -148 -121 -95 

11/1/1978 -155 -71 -66 -87 -93 -89 

10/25/1984 -230 -215 -200 -173 -191 -172 

3/24/1986 -128 -101 -197 -169 -215 -212 

1/29/1988 -272 -191 -188 -178 -229 -224 

3/25/1989 -96 -33 -39 -153 -163 -182 

1/11/1990 -227 -172 -180 -163 -196 -200 

4/7/1994 -251 -157 -192 -188 -244 -228 

1/22/1996 -237 -226 -273 -206 -235 -232 

3/13/1998 -374 -317 -284 -283 -281 -266 

11/6/1999 -438 -354 -296 -296 -291 -289 

3/10/2001 -478 -364 -313 -269 -296 -279 

9/28/2001 -336 -291 -247 -265 -256 -240 

5/16/2002 -348 -239 -220 -197 -252 -290 

3/10/2003 -302 -235 -212 -230 -246 -236 

8/15/2003 -288 -239 -248 -272 -249 -240 

6/1/2008 -383 -327 -324 -303 -257 -233 

 

Table A9b. Summary of Lockwoods Folly Inlet Holden Beach cumulative shoreline change 

along transects 7 through 12 from April 1938 to June 2008. 
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Lockwoods Folly Inlet 
       

Holden Beach Cumulative Shoreline Change (ft) 

Date Transect 13 Transect 14 Transect 15 Transect 16 Transect 17 Transect 18 

4/5/1938 0 0 0 0 0 0 

11/19/1949 42 -13 -15 -18 -39 -29 

3/25/1956 -65 -100 -52 -40 -14 2 

8/16/1959 -67 -89 -87 -86 -83 -66 

3/13/1962 -105 -123 -125 -90 -100 -50 

11/1/1971 -159 -167 No Data No Data No Data No Data 

1/8/1974 -59 -88 -88 -78 -83 -69 

3/23/1975 -73 -177 -137 -119 -105 -100 

11/1/1975 -116 -128 -106 -78 -139 -103 

11/1/1978 -84 -94 -78 -56 -53 -74 

10/25/1984 -177 -162 -194 -138 No Data No Data 

3/24/1986 -207 -203 -214 -176 -139 -107 

1/29/1988 -179 -203 -198 -144 -113 -60 

3/25/1989 -182 -176 -187 -174 -134 -101 

1/11/1990 -196 -199 -202 -153 -183 No Data 

4/7/1994 -222 -250 -272 -242 -217 -167 

1/22/1996 -225 -228 -244 -244 -224 -184 

3/13/1998 -254 -262 -283 -243 -220 No Data 

11/6/1999 -279 -297 -322 -285 -248 -194 

3/10/2001 -264 -285 -265 -244 -217 -159 

9/28/2001 -230 -245 -254 -235 -211 -167 

5/16/2002 -271 -282 -282 -241 No Data No Data 

3/10/2003 -219 -238 -227 -192 -163 -134 

8/15/2003 -230 -235 -224 -197 -172 -128 

6/1/2008 -186 -223 -167 -123 -111 -93 

 

Table A9c. Summary of Lockwoods Folly Inlet Holden Beach cumulative shoreline change 

along transects 13 through 18 from April 1938 to June 2008. 
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Lockwoods Folly Inlet 
     

Holden Beach Cumulative Shoreline Change (ft) 

Date Transect 19 Transect 20 Transect 21 Transect 22 

4/5/1938 0 0 0 0 

11/19/1949 -36 -54 -74 -96 

3/25/1956 No Data No Data No Data No Data 

8/16/1959 -49 -63 -65 -43 

3/13/1962 -47 -53 -63 -60 

11/1/1971 No Data No Data No Data No Data 

1/8/1974 No Data No Data No Data No Data 

3/23/1975 -76 -86 -63 -90 

11/1/1975 -111 -128 -115 No Data 

11/1/1978 -58 No Data No Data No Data 

10/25/1984 No Data No Data No Data No Data 

3/24/1986 -96 -100 No Data No Data 

1/29/1988 -80 -77 No Data No Data 

3/25/1989 -93 -84 -61 -78 

1/11/1990 No Data No Data No Data No Data 

4/7/1994 -147 -169 -123 -117 

1/22/1996 -173 -104 No Data 117 

3/13/1998 No Data No Data No Data No Data 

11/6/1999 -200 -193 -170 -149 

3/10/2001 -155 -179 -126 -134 

9/28/2001 -159 -144 -130 No Data 

5/16/2002 No Data No Data No Data No Data 

3/10/2003 -112 -101 No Data No Data 

8/15/2003 No Data No Data No Data No Data 

6/1/2008 -52 -83 -72 -62 

 

 

 

 

 

Table A9d. Summary of Lockwoods Folly Inlet Holden Beach 

cumulative shoreline change along transects 19 through 22 from 

April 1938 to June 2008. 
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Lockwoods Folly Inlet 
       

Oak Island Cumulative Shoreline Change (ft) 

Date Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 

4/5/1938 0 0 0 0 0 0 

11/19/1949 -672 -464 -102 81 203 230 

3/25/1956 -504 -537 -195 13 167 147 

8/16/1959 -698 -605 -222 -42 130 248 

3/13/1962 -479 -398 -12 261 431 271 

11/1/1971 -540 -396 -53 -5 -79 -24 

1/8/1974 -507 -492 -104 -23 -4 2 

3/23/1975 -528 -421 -71 89 213 144 

11/1/1975 -864 -657 -144 139 277 206 

11/1/1978 -880 -713 -328 -208 -64 9 

10/25/1984 -755 -631 -256 -162 -171 -247 

3/24/1986 -654 -655 -334 -200 -102 -63 

1/29/1988 -300 -406 -235 -180 -169 275 

3/25/1989 -391 -270 138 260 334 307 

1/11/1990 -400 -253 223 311 178 58 

4/7/1994 -327 -204 234 383 500 630 

1/22/1996 -445 -269 352 453 433 414 

3/13/1998 -391 -204 259 523 622 517 

11/6/1999 -78 4 264 345 531 625 

3/10/2001 128 5 249 380 453 501 

9/28/2001 71 -190 125 281 364 473 

5/16/2002 -149 -126 165 327 379 472 

3/10/2003 -483 -408 -98 60 268 454 

8/15/2003 -380 -370 -38 119 250 332 

6/1/2008 574 318 428 469 445 363 

 

 

 

 

 

 

Table A10a. Summary of Lockwoods Folly Inlet Oak Island cumulative shoreline change 

along transects 1 through 6 from April 1938 to June 2008. 
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Lockwoods Folly Inlet 
       

Oak Island Cumulative Shoreline Change (ft) 

Date Transect 7 Transect 8 Transect 9 Transect 10 Transect 11 Transect 12 

4/5/1938 0 0 0 0 0 0 

11/19/1949 165 -62 -18 145 125 107 

3/25/1956 121 10 125 146 176 90 

8/16/1959 219 269 140 83 102 77 

3/13/1962 88 -33 20 22 18 -31 

11/1/1971 107 54 301 297 56 12 

1/8/1974 48 -61 102 192 267 114 

3/23/1975 14 -86 16 68 165 173 

11/1/1975 -37 -114 11 3 59 137 

11/1/1978 194 10 -47 -4 161 106 

10/25/1984 -221 -148 -91 -77 -24 -3 

3/24/1986 -144 -148 -102 -69 -18 -13 

1/29/1988 132 3 -74 -116 -50 -18 

3/25/1989 213 47 -14 16 33 6 

1/11/1990 -25 -83 -153 -118 -55 -63 

4/7/1994 322 56 -78 -8 97 71 

1/22/1996 367 204 54 -31 16 41 

3/13/1998 520 322 105 9 28 14 

11/6/1999 459 251 133 166 154 144 

3/10/2001 437 219 124 93 127 143 

9/28/2001 492 229 162 117 111 89 

5/16/2002 662 349 163 119 240 186 

3/10/2003 609 411 170 181 180 176 

8/15/2003 555 412 203 140 190 162 

6/1/2008 277 115 150 77 100 62 

 

 

 

 

 

 

Table A10b. Summary of Lockwoods Folly Inlet Oak Island cumulative shoreline change 

along transects 7 through 12 from April 1938 to June 2008. 
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Lockwoods Folly Inlet 
        

Oak Island Cumulative Shoreline Change (ft) 

Date 

Transect 

13 

Transect 

14 

Transect 

15 Transect 16 

Transect 

20 

Transect 

21 

Transect 

22 

4/5/1938 0 0 0 0 0 0 0 

11/19/1949 26 -6 -21 -23 -40 -49 -24 

3/25/1956 -3 -16 -54 -71 -90 -61 -53 

8/16/1959 -6 9 33 89 12 -43 -73 

3/13/1962 -28 -32 -59 -60 -129 -167 -180 

11/1/1971 -45 -44 -68 -77 -137 -151 -145 

1/8/1974 15 -17 -57 -53 -108 -120 -122 

3/23/1975 70 -31 -77 -57 -116 -131 -86 

11/1/1975 22 24 -38 -77 -102 No Data No Data 

11/1/1978 96 50 -39 -32 -76 -83 -78 

10/25/1984 -14 -11 -15 -51 -121 No Data No Data 

3/24/1986 -69 -61 -59 -73 -123 -86 -143 

1/29/1988 -20 -22 -55 -48 0 No Data No Data 

3/25/1989 25 57 -1 -15 -97 -112 -118 

1/11/1990 -76 -64 -88 -119 No Data No Data No Data 

4/7/1994 22 -32 -114 -119 No Data 0 -12 

1/22/1996 28 22 -14 -47 -152 -152 No Data 

3/13/1998 8 30 2 -31 -119 -135 -140 

11/6/1999 67 54 -5 15 -67 -87 -72 

3/10/2001 98 85 20 -19 -135 -176 -157 

9/28/2001 70 89 32 12 -133 -149 -143 

5/16/2002 159 176 130 68 -69 -100 -196 

3/10/2003 117 113 95 86 -39 -51 -49 

8/15/2003 76 149 125 96 No Data No Data No Data 

6/1/2008 53 65 41 16 -48 -54 -44 

 

Table A10c. Summary of Lockwoods Folly Inlet Oak Island cumulative shoreline 

change along transects 13 through 22 from April 1938 to June 2008. 
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Lockwoods Folly Inlet 
    

Oak Island Cumulative Shoreline Change (ft) 

Date Transect 17 Transect 18 Transect 19 

4/5/1938 0 0 0 

11/19/1949 15 -10 -42 

3/25/1956 -300 -584 -433 

8/16/1959 127 126 80 

3/13/1962 -46 -79 -119 

11/1/1971 -64 -70 -111 

1/8/1974 -41 -55 -88 

3/23/1975 -43 -58 -77 

11/1/1975 -68 -82 -88 

11/1/1978 -35 -60 -80 

10/25/1984 -55 -81 -109 

3/24/1986 -36 -45 -101 

1/29/1988 -27 -39 No Data 

3/25/1989 -9 -39 -81 

1/11/1990 -106 No Data No Data 

4/7/1994 -117 -105 -122 

1/22/1996 -26 -62 -98 

3/13/1998 -35 -61 -102 

11/6/1999 20 -19 -63 

3/10/2001 -57 -77 -105 

9/28/2001 -13 -62 -111 

5/16/2002 25 -10 -41 

3/10/2003 87 37 -16 

8/15/2003 39 -17 No Data 

6/1/2008 39 -17 -45 

Table A10d. Summary of Lockwoods Folly Inlet 

Oak Island cumulative shoreline change from April 

1938 to June 2008 along transects 17 through 19 

influenced by 1954 temporary inlet opening and 

closure. 
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Shallotte Inlet 
       

Ocean Isle Cumulative Shoreline Change (ft) 

Date Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 

3/28/1938 0 0 0 0 0 0 

1/23/1945 -473 -394 -279 -478 -415 -74 

8/1/1959 -585 -43 371 317 317 256 

3/13/1962 134 607 680 300 149 77 

8/1/1971 -248 77 144 166 349 308 

11/1/1975 -529 -16 137 30 111 172 

2/8/1987 -496 -369 -447 -488 -400 -190 

5/8/1990 -469 -421 -529 -640 -599 -462 

11/29/1993 -697 -553 -644 -804 -664 -306 

8/9/1996 -966 -877 -810 -809 -557 -336 

6/17/1998 -939 -961 -946 -952 -866 -581 

2/7/2001 -1026 -914 -872 -838 -770 -690 

5/16/2002 -902 -873 -862 -865 -783 -652 

9/20/2003 -348 -881 -881 -855 -668 -627 

 

 

 

 

 

 

 

Table A11a. Summary of Shallotte Inlet Ocean Isle cumulative shoreline change along 

transects 1 through 6 from March 1938 to September 2003. 
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Shallotte Inlet 
       

Ocean Isle Cumulative Shoreline Change (ft) 

Date Transect 7 Transect 8 Transect 9 Transect 10 Transect 11 Transect 12 

3/28/1938 0 0 0 0 0 0 

1/23/1945 -45 91 194 -19 -32 27 

8/1/1959 217 129 95 23 -119 -119 

3/13/1962 -24 -31 33 -29 -145 -138 

8/1/1971 227 104 67 -26 -147 -155 

11/1/1975 157 103 93 25 -116 -131 

2/8/1987 -101 -143 -85 -149 -237 -236 

5/8/1990 -132 -109 -124 -192 -280 -259 

11/29/1993 -212 -196 -101 -197 -281 -244 

8/9/1996 -363 -344 -245 -260 -368 -327 

6/17/1998 -388 -281 -260 -279 -391 -384 

2/7/2001 -577 -480 -322 -314 -398 -372 

5/16/2002 -472 -354 -256 -282 -352 -266 

9/20/2003 -299 -307 -265 -294 -373 -314 

 

 

 

 

Table 11b. Summary of Shallotte Inlet Ocean Isle cumulative shoreline change along 

transects 7 through 12 from March 1938 to September 2003. 
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Shallotte Inlet 
       

Ocean Isle Cumulative Shoreline Change (ft) 

Date Transect 13 Transect 14 Transect 15 Transect 16 Transect 17 Transect 18 

3/28/1938 0 0 0 0 0 0 

1/23/1945 125 145 121 36 26 -4 

8/1/1959 54 118 122 94 85 71 

3/13/1962 35 81 85 91 93 103 

8/1/1971 37 109 141 135 120 110 

11/1/1975 51 158 181 103 103 100 

2/8/1987 -61 43 102 104 107 103 

5/8/1990 -79 -1 74 87 106 122 

11/29/1993 -58 28 71 70 75 59 

8/9/1996 -123 -28 29 11 25 42 

6/17/1998 -174 -80 -37 -33 -13 -5 

2/7/2001 -161 -53 -14 -20 -8 -14 

5/16/2002 -16 122 187 198 217 233 

9/20/2003 -81 36 95 120 169 205 

 

 

 

 

 

Table A11c. Summary of Shallotte Inlet Ocean Isle cumulative shoreline change along 

transects 13 through 18 from March 1938 to September 2003. 
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Shallotte Inlet 
     

Ocean Isle Cumulative Shoreline Change (ft) 

Date Transect 19 Transect 20 Transect 21 Transect 22 

3/28/1938 0 0 0 0 

1/23/1945 -26 -27 -52 -74 

8/1/1959 47 29 12 -2 

3/13/1962 72 54 56 43 

8/1/1971 113 100 65 44 

11/1/1975 69 56 44 14 

2/8/1987 89 87 46 21 

5/8/1990 153 159 174 103 

11/29/1993 24 38 6 -3 

8/9/1996 51 22 -9 -40 

6/17/1998 -13 -8 -45 -57 

2/7/2001 -30 -39 -51 -69 

5/16/2002 234 232 214 201 

9/20/2003 212 216 205 196 

 

 

 

 

 

 

Table A11d. Summary of Shallotte Inlet Ocean Isle cumulative 

shoreline change along transects 19 through 22 from March 1938 

to September 2003. 
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Shallotte Inlet 
       

Holden Beach Cumulative Shoreline Change (ft) 

Date Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 

3/28/1938 0 0 0 0 0 0 

1/23/1945 No Data No Data -98 15 1 -68 

8/1/1959 487 440 324 247 116 -84 

3/13/1962 226 294 430 266 57 -95 

8/1/1971 694 555 313 233 11 -141 

11/1/1975 588 426 137 -37 -118 -211 

2/8/1987 -355 -583 -591 -337 -3 190 

5/8/1990 367 21 -303 0 58 114 

11/29/1993 415 174 -8 164 149 76 

8/9/1996 553 236 -110 -55 76 119 

6/17/1998 501 221 -30 52 47 17 

2/7/2001 509 242 6 68 69 35 

5/16/2002 216 63 100 120 -32 -33 

9/20/2003 351 25 -183 1 395 440 

 

 

 

 

 

 

 

 

 

Table A12a. Summary of Shallotte Inlet Holden Beach cumulative shoreline change 

along transects 1 through 6 from March 1938 to September 2003. 
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Shallotte Inlet 
       

Holden Beach Cumulative Shoreline Change (ft) 

Date Transect 7 Transect 8 Transect 9 Transect 10 Transect 11 Transect 12 

3/28/1938 0 0 0 0 0 0 

1/23/1945 -135 -119 -137 -109 -68 -67 

8/1/1959 -198 -200 -213 -209 -189 -179 

3/13/1962 -135 -154 -197 -209 -197 -157 

8/1/1971 -284 -281 -262 -179 -28 47 

11/1/1975 -127 56 169 68 19 75 

2/8/1987 217 257 333 492 549 469 

5/8/1990 134 298 463 345 524 509 

11/29/1993 90 133 247 267 387 467 

8/9/1996 333 467 502 547 552 487 

6/17/1998 156 423 577 644 600 591 

2/7/2001 160 324 425 442 490 507 

5/16/2002 131 457 419 426 420 584 

9/20/2003 461 536 564 598 633 649 

 

Table A12b. Summary of Shallotte Inlet Holden Beach cumulative shoreline change 

along transects 7 through 12 from March 1938 to September 2003. 
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Shallotte Inlet 
        

Holden Beach Cumulative Shoreline Change (ft) 

Date 

Transect 

13 

Transect 

14 

Transect 

15 

Transect 

16 

Transect 

17 

Transect 

18 

Transect 

19 

3/28/1938 0 0 0 0 0 0 0 

1/23/1945 -50 -62 -56 -37 -53 -65 -54 

8/1/1959 -189 -198 -175 -146 -156 -165 -150 

3/13/1962 -164 -127 -137 -121 -151 -198 -164 

8/1/1971 -37 -92 -93 -83 -99 -106 -83 

11/1/1975 7 6 -28 -28 -54 -89 -72 

2/8/1987 395 246 159 125 58 47 29 

5/8/1990 430 329 219 212 128 72 40 

11/29/1993 337 230 159 117 74 25 -2 

8/9/1996 459 331 269 210 122 68 35 

6/17/1998 454 358 300 245 149 91 67 

2/7/2001 499 397 329 273 200 161 125 

5/16/2002 594 455 334 310 255 224 159 

9/20/2003 601 538 439 364 288 229 195 

 

 

 

 

 

 

 

 

 

Table A12c. Summary of Shallotte Inlet Holden Beach cumulative shoreline change 

along transects 13 through 19 from March 1938 to September 2003. 
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Shallotte Inlet 
        

Holden Beach Cumulative Shoreline Change (ft) 

Date 

Transect 

20 

Transect 

21 

Transect 

22 

Transect 

23 

Transect 

24 

Transect 

25 

Transect 

26 

3/28/1938 0 0 0 0 0 0 0 

1/23/1945 -59 -46 No Data No Data No Data No Data No Data 

8/1/1959 -133 -127 -143 -145 -137 -156 -175 

3/13/1962 -202 -151 -180 -178 -204 -219 -226 

8/1/1971 -74 -93 -66 -72 -70 -86 -101 

11/1/1975 -52 -64 -68 -60 -61 No Data No Data 

2/8/1987 28 12 -4 -17 3 -20 -32 

5/8/1990 21 -5 -31 -23 -5 -41 -51 

11/29/1993 -13 -15 -40 -44 -50 -82 -82 

8/9/1996 12 3 No Data No Data No Data No Data No Data 

6/17/1998 47 44 19 3 -10 -32 -29 

2/7/2001 106 80 39 1 -15 -40 -54 

5/16/2002 141 129 78 58 46 11 -9 

9/20/2003 167 175 130 81 49 22 8 

 

 

 

 

 

 

 

 

 

 

Table A12d. Summary of Shallotte Inlet Holden Beach cumulative shoreline change 

along transects 20 through 26 from March 1938 to September 2003. 
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APPENDIX B. LOCKWOODS FOLLY INLET MORPHOLOGY: (4/5/1938 – 6/1/2008)
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Figure B1. Lockwoods Folly Inlet morphology from April 1938 to August 1959. Yellow 

arrows indicate the location of marginal flood channels.  Solid red arrows indicate the 

main ebb channel, and dashed red arrows show secondary ebb channels when present. 

Accumulation between the channel linear bar and the Oak Island shoreline created an 

accretionary bulge on Oak Island (A though C).  In D (8/16/1959), note outer bar breach 

and ebb channel realignment.  The realignment permitted flood channel currents to erode 

the accretionary bulge and transport the material west toward the inlet thalweg 

(Photographic source USACE Wilmington, NC District Office).   
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Figure B2. Lockwoods Folly Inlet morphology from March 1962 to March 1975.  

Yellow arrows indicate the location of marginal flood channels.  Solid red arrows 

indicate the main ebb channel, and dashed red arrows show secondary ebb channels 

when present.  Solid black lines and arrows indicate location of swash bars reworked 

onshore by wave action and marginal flood channel currents.  Note southeast ebb 

channel deflection between March 1962 (A) and November 1971 (B), and near shore-

normal realignment between January 1974 (C) and March 1975 (D) (Photographic 

source USACE Wilmington, NC District Office). 
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Figure B3. Lockwoods Folly Inlet morphology from November 1975 to March 1986.  

Yellow arrows indicate the location of marginal flood channels.  Solid red arrows 

indicate the main ebb channel, and dashed red arrows show secondary ebb channels 

when present.  Solid black lines and arrows indicate location of swash bars reworked 

onshore by wave action and marginal flood channel currents.  Between November 1975 

(A) and November 1978 (B), note onshore swash bar migration along the Oak Island 

shoreline, and accumulation on the Holden Beach inlet shoreline adjacent to the near 

shore-normal channel linear bar.  In C (10/25/1984) and D (3/24/1986) marginal flood 

channel currents scour the Holden Beach shoreline (Photographic source USACE 

Wilmington, NC District Office). 



 142 

 

Figure B4. Lockwoods Folly Inlet morphology from January 1988 to April 1994.  

Yellow arrows indicate the location of marginal flood channels.  Solid red arrows show 

the main ebb channel and dashed red arrows show secondary ebb channels when present. 

Solid black lines and arrows indicate location of swash bars reworked onshore by wave 

action and marginal flood channel currents.  Marginal flood channel currents induced 

erosion along the Holden Beach inlet shoreline while the Oak Island inlet shoreline 

accreted (A through D).  Slight southeast ebb channel deflection across the terminal lobe 

between January 1990 and April 1994 eroded a portion of the Oak Island inlet shoreline 

and consequently created the spit shown in D (Photographic source USACE 

Wilmington, NC District Office). 
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Figure B5. Lockwoods Folly Inlet morphology from January 1996 to September 2001. 

Yellow arrows indicate the location of marginal flood channels.  Solid red arrows show 

the main ebb channel and dashed red arrows show secondary ebb channels when present. 

Solid black lines and arrows indicate location of swash bars reworked onshore by wave 

action and marginal flood channel currents.  In A and B, marginal flood channel currents 

scour the Holden Beach shoreline as wave action reworked the previously indicated spit 

(Figure B4 D) onto the Oak Island segment.  In C and D, note Holden Beach accretion 

adjacent to the channel linear bar, which was aligned shore-normal as a near shore-

normal secondary ebb channel developed (Photographic source USACE Wilmington, 

NC District Office). 
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Figure B6. Lockwoods Folly Inlet morphology from May 2002 to June 2006.  Yellow 

arrows indicate the location of marginal flood channels.  Solid red arrows show the main 

ebb channel and dashed red arrows show secondary ebb channels when present. Solid 

black lines and arrows indicate location of swash bars reworked onshore by wave action 

and marginal flood channel currents.  Following the most recent ebb channel realignment, 

onshore swash bar migration generated accretion along the Oak Island inlet shoreline (A 

and B).  In C and D, marginal flood channel currents eroded the accretionary bulge and 

transported the material toward the inlet throat.  Note Holden Beach accretion from May 

2002 to April 2006 (A through C) and subsequent erosion from April 2006 to June 2008 

(D) as the ebb channel began deflecting to the southeast (Photographic source USACE 

Wilmington, NC District Office).   
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APPENDIX C. SHALLOTTE INLET MORPHOLOGY: (3/28/1938 – 3/22/2008) 
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Figure C1. Shallotte Inlet morphology from March 1938 to March 1936.  Yellow arrows 

indicate the location of marginal flood channels.  Solid red arrows show the main ebb 

channel and dashed red arrows show secondary ebb channels when present. Solid black 

lines and arrows indicate location of swash bars reworked onshore by wave action and 

marginal flood channel currents.  Note swash bars along the channel margin (A) that 

wave action worked onshore by January 1945 (B).  Also note Ocean Isle accretion 

subsequent to the shore-normal ebb channel realignment between August 1959 and 

March 1962 (C and D) (Photographic source USACE Wilmington, NC District Office).   
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Figure C2. Shallotte Inlet morphology from August 1971 to May 1990.  Yellow arrows 

indicate the location of marginal flood channels.  Solid red arrows show the main ebb 

channel and dashed red arrows show secondary ebb channels when present.  From A to 

D, chronic erosion is evident on the Ocean Isle shoreline segment, while an accretionary 

bulge develops along Holden Beach at the ebb channel’s eastern margin (Photographic 

source USACE Wilmington, NC District Office).    



 148 

 

Figure C3. Shallotte Inlet morphology from November 1993 to February 2001.  Yellow 

arrows indicate the location of marginal flood channels.  Solid red arrows show the main 

ebb channel and dashed red arrows show secondary ebb channels when present.  Note 

chronic erosion along the Ocean Isle inlet shoreline and accretion along the Holden 

Beach shoreline (Photographic source USACE Wilmington, NC District Office).  
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Figure C4. Shallotte Inlet morphology from May 2002 to March 2008.  Yellow arrows 

indicate the location of marginal flood channels.  Solid red arrows show the main ebb 

channel and dashed red arrows show secondary ebb channels when present.  Solid black 

lines and arrows indicate location of swash bars reworked onshore by wave action and 

marginal flood channel currents.  Shallotte Inlet morphology on May 16, 2002 is shown 

in A1 and A2.  Due to errors during rectification of the aerial photographs, the black bars 

along the photographs’ edges obscure either the Ocean Isle or Holden Beach shoreline.  

Consequently, two configurations of the same photographs are provided in order to 

reveal the conditions along both inlet shorelines.  The errors did not influence data 

collection or interpretation.  In B and C, note swash bar attachment along the Holden 

Beach inlet shoreline and spit growth on Ocean Isle.  In C, the ebb channel has again 

deflected to the southeast (Photographic source USACE Wilmington, NC District 

Office).   
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