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This report presents results of Year 5 beach and inlet monitoring following the 2008 beach
restoration project at the Isle of Palms, which was accomplished in May—June 2008 under per-
mit P/N 2007-02631-2IG. Annual surveys are being conducted to track the performance of the
project, measure sand volumes remaining, and provide a condition survey of the beach, inlets,

EXECUTIVE SUMMARY

and shoals from Dewees Inlet to Breach Inlet.

Year 5 monitoring involved a condition survey in July 2013. These data are compared with pre-
project and post-project conditions in the project area (north of 53" Avenue). Data for remaining
areas of the Isle of Palms and Breach Inlet are compared with earlier surveys by CSE and

SCDHEC-Office of Ocean & Coastal Resource Management (OCRM). The report includes:

L]

The 2008 beach restoration project placed 933,895 cubic yards (cy) of sand from offshore in
three reaches between 53" Avenue and Dewees Inlet. As of July 2013 (~5 years after project

Shoreline history and summary of the 2008 beach restoration project.

Important dates of events (Table A).

Description of the data collection and analysis methods.

Monitoring results by section of shoreline using seven (7) reaches along the island.
Nourishment volume remaining within the project limits.

Identification of local erosion “hot spots.”

Discussion of findings.

completion):

Reach A (53" Avenue to Beach Club Villas) has severely eroded along the eastern
third of the reach, while the western two-thirds have shown more typical erosion.
Presently, stations 258-274 contain less sand than the pre-nourishment condition,
while stations 224-256 show an average of 52.1 cy/ft more sand that their pre-
nourishment condition. Overall, Reach A shows a net loss of 126 percent of the
nourishment volume, although ~72 percent of the fill placed from stations 224 to
station 258 remains within those fill limits. Reach A lost ~123,000 cy from July 2012
to July 2013.

Reach B (Mariners Walk Villas to the 18" fairway of Wild Dunes Links Course)
retains ~64.5 percent of the nourishment volume. The reach lost ~62,800 cy over
the past year. Erosion has been concentrated along the eastern third of the reach
(Ocean Club — 18" Hole)
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« Reach C (a 1,000-foot length of Dewees Inlet shoreline adjacent to the 17" hole and
18" tee of the Wild Dunes Links Course) retains ~196.0 percent of the nourishment
volume (Fig A), gaining ~13,250 cy over the past year.

Collectively, ~40.2 percent of the nourishment fill remained within the fill limits as of July
2013. Overall, the island gained 11,200 cy (0.3 cubic yards per foot—cy/ft) of sand between
July 2012 and July 2013 (Fig B) which compares to a loss of ~88,840 cy (2.4 cy/ft) over the
previous year. The beach west of 53" Avenue gained ~117,800 cy, while the beach east of 53™
Avenue lost ~106,600 cy. Erosion was prevalent near Seascape, Ocean Club, Beachwood
East, Dune Crest Lane, 3" Avenue, and Breach Inlet.

TABLE A. Important dates of events related to the 2008 beach nourishment project and subsequent monitoring.

Milestone Date Comment

Beach Condition Survey Jul 2007

Pre-Construction Survey Mar 2008

Project Construction May-Jun 2008 | 934,000 cubic yards (cy) placed along 10,200 feet (ft) of shoreline
Monitoring Survey Mar 2009 93 percent of nourishment volume remained within the fill placement area
Monitoring Survey Sep 2009 81 percent of nourishment volume remained within the fill placement area
Year 1 Monitoring Report Dec 2009

Monitoring Survey Mar 2010 73 percent of nourishment volume remained within the fill placement area
Monitoring Survey Sep 2010 72 percent of nourishment volume remained within the fill placement area
Permit Application Submitted Oct 2010

Year 2 Monitoring Report Mar 2011

Monitoring Survey Jun 2011 66 percent of nourishment volume remained within the fill placement area
Year 3 Monitoring Report Nov 2011

Shoal Management Project Mar-Apr 2012 | Redistribution of 87,700 cy at the northeastern end of the island
Monitoring Survey July 2012 57 percent of nourishment volume remained within the fill placement area
Year 4 Monitoring Report Nov 2012

Monitoring Survey July 2013 40 percent of nourishment volume remained within the fill placement area
Year 5 Monitoring Report Dec 2013

CSE anticipates that the beach condition will warrant another shoal management be completed
in the 2014-2015 permitted window. The present beach condition does not allow sufficient
placement of sand in the critically eroded areas to adequately protect properties through the
summer. CSE believes the emergency sandbag revetment offers a better means of protection if
they are allowed to remain in place for the upcoming summer season. The City should antici-
pate the need to complete a 250,000-cy project (maximum permitted volume) during 2014—
2015. The anticipated cost, including engineering, is $900,000+$150,000.
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FIGURE A. Percent of nourishment volume remaining in project areas as of July 2013.

FIGURE B. Total beach volume at Isle of Palms from March 2009 to July 2013. Volume is measured to
local closure depth (between -10 ft and -18 ft NAVD).
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1.0 INTRODUCTION

This monitoring report is provided to the City of Isle of Palms by Coastal Science & Engineering
(CSE) as part of a three-year agreement for beach monitoring following the 2008 Isle of Palms
beach restoration project (P/N 2007-02631-2IG) (CSE 2008). This report details the seventh
island-wide data collection after nourishment. It follows submission of the Years 1-4 monitoring
reports (CSE 2009, 2010, 2011a,b, 2012). Discussions presented herein are based on com-
parisons of pre-project and post-project data with surveys performed through July 2013.

The analyses presented in this report provide an updated condition of the beach ~60 months
after the completion of the restoration project. This report provides beach profile volumes along
the length of the Isle of Palms (IOP), including detailed volume changes in the 2008 project
areas. Ground and aerial photography are included to identify features such as dunes, escarp-
ments, sand texture and color, as well as to give a visual representation of the beach width for
comparison with previous and future surveys.

1.1 Setting

Isle of Palms is an ~7-mile-long, southeast-facing, barrier island located ~8 miles east of
Charleston, South Carolina. It is bounded by Dewees Inlet and Dewees Island to the northeast
and Breach Inlet and Sullivan’s Island to the southwest. A feature typical of the central South
Carolina barrier islands is the “drumstick” shape (Hayes 1979) produced by the interaction of
waves and tides, and formation of prominent ebb-tidal deltas at the inlets. Seaward shoals of
each delta produce wave refraction and variable longshore transport rates, which leads to a
wider upcoast (northern) end and a relatively narrow downcoast end (Breach Inlet end, Fig 1.1).

The wider end of the island is influenced by shoal bypassing, a process whereby sand is period-
ically released from the inlet delta and moved onshore through wave action. This process
occurs at somewhat regular intervals (average interval between events from 1941 to 1997 is 6.6
years, Gaudiano 1998) and contributes to the overall health of the island. However, it also can
cause focused erosion in areas adjacent to the shoal attachment zone (Kana et al 1985).

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
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FIGURE 1.1. Isle of Palms is a typical “drumstick” barrier island (after Hayes 1979), where the upcoast end is
wider due to sediment accumulation through shoal-bypass events, and the downcoast end usually forms a growing
recurve spit. Other examples of drumstick barrier islands along South Carolina are Bull Island, Kiawah Island, and
Fripp Island. Zones of sediment transport reversal generally occur in the lee of delta shoals which are situated
offshore. Upon shoal attachment to the beach, transport directions in the vicinity of the shoal switch, spreading
sand away from the attachment point (see for example — Fig 1.2).
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FIGURE 1.2.

[LEFT]

Schematic of the shoal-bypass cycle originally modeled
from a bypass event at IOP. During Stages 1 and 2 of
the cycle, accretion in the lee of the shoal is
accompanied by erosion on either side of the attachment
site. (After Kana et al 1985)

[RIGHT]

Shoal-bypass event at the northeastern end of IOP. The
upper photo shows a shoal in Stage 1 of the bypass
cycle in March 1996. The middle image, taken in 1997,
shows that the shoal is beginning to attach to the beach
and is in Stage 2 of the bypass cycle. The lower image
(from December 1998) shows the shoal completely
attached (Stage 3), and sand has spread to previously
eroded areas.
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The long-term accretion trend at Isle of Palms is a direct result of shoal bypassing at Dewees
Inlet. Numerous episodic events have deposited sand on the northeastern end of the island
(Gaudiano 1998). The annual average sand gain from shoal-bypass events is ~100,000 cubic
yards per year (cy/yr); however, ~120,000-130,000 cy/yr are typically lost to downcoast areas
each year, leaving a net sand deficit of ~20,000-30,000 cy/yr at the northeastern end (CSE
2007). A more detailed explanation of the coastal processes and erosion history of Isle of
Palms is provided in CSE (2007, 2008, 2009).

The shoal-bypassing event which led to the 2008 project appears to have begun around 2003.
By 2004, some areas (eg — Port O’Call) experienced 150 ft of beach recession in one year (ATM
2006). In February 2007, exposed bars extended nearly one-half mile offshore around Beach
Club Villas and the Wild Dunes Property Owners beach house (Fig 1.3). The southern part of
the attaching shoal was already in Stage 3 with some sand moving south to nourish other parts
of I0P; the northern side remained in Stage 2. As Figure 1.3 shows, all properties north of
Beach Club Villas had lost their dry-sand beach by then. To protect buildings, property owners
placed ~5-gallon-sized sand bags along the scarped dune. These bags were quickly destroyed
or washed away, and property owners replaced them with large (1 cy) sand bags in front of
buildings for protection. Erosion continued into 2008, eventually claiming half of the signature
18™ hole of the Wild Dunes Links Course and leaving no beach (even at low tide) in front of
several properties.

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
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FIGURE 1.3.
[UPPER]

February 2007 oblique aerial
image of the northeastern end of
IOP showing the approaching
shoal in Stage 2 of the bypass
cycle.

Note loss of dry beach and
various shore-protection mea-
sures from Mariners Walk Villas
to the 18t fairway (red-outlined
arrows — focused erosion).

[LOWER]

Small, 5-gallon-sized sand bags
(left) and large 1 cy-sized
sandbags (right) installed by
property owners to temporarily
offer protection to buildings.

Prior to the 2008 project, little to
no beach was present at low
tide near the Ocean Club
condominiums.

Left image courtesy of Coastal
Carolina University Beach
Erosion Research and
Monitoring Program.
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1.2 The 2008 Isle of Palms Beach Restoration Project

The 2008 beach restoration project was designed to add ~850,000 cy of sand to ~10,200 linear
feet of beach (Fig 1.4). The fill was to be placed in three reaches. Reaches A and B were
located along the oceanfront spanning from ~53" Avenue to the 18" fairway of the Wild Dunes
Links Course, separated by an accretion zone associated with the shoal-bypassing event.
Reach C represented a portion of the Dewees Inlet shoreline. Roughly 2,600 linear feet of
Reach A bordered publically accessible areas of the City. The remaining fill bordered the Wild
Dunes community. Design fill volumes for full sections (excluding tapers) were 75 cy/ft in Reach
A, 140 cy/ft to 180 cy/ft for Reach B, and 27 cy/ft in Reach C.

The City of Isle of Palms entered into a contract with Weeks Marine of Covington (LA) for
placement of 780,000 cy of sand along 9,200 linear feet of beach. Two change orders
increased the total volume to 847,400 cy over 10,200 ft of beach and added a fill section to the
Dewees Inlet shoreline. The original bid was for $7,914,100, and the total cost after the change
orders was $8,402,090.

The final volume added to the beach calculated from Weeks Marine’s surveys was 933,895 cy,
which was ~10 percent greater than the design volume of 847,400 cy. The overage of 86,495
Cy was not a pay quantity as stated in the contract; therefore, the City was only required to pay
for the contract volume of 847,400.
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FIGURE 1.4. Project map of the 2008 IOP restoration project. The project was designed to
nourish sections of the beach and provide sufficient sand to offset losses associated with long-term
erosion as well as an ongoing shoal-bypass event. Borrow areas were located 2-3 miles offshore.

Area D was not dredged.
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2.0 METHODS

Monitoring efforts for the present report were performed in July 2013. Changes in the volume of
sand in the active beach zone were evaluated by obtaining topographic and bathymetric data
along shore-perpendicular transects at established locations along the beach (herein referred to
as the baseline) (Fig 2.1). The present baseline spans from the center of the Breach Inlet
Bridge (station 0+00) and continues to Cedar Creek spit at the northeastern end of the island
(station 376+00). The monitoring baseline overlaps the baseline used in the project beginning
at 53 Avenue which was the location of project station 0+00 (that station is now station
222+00). Stationing relates to the distance along the shore with the number before the “+” sym-
bol representing 100 feet (ft). Therefore, station 36+00 is 3,600 ft from station 0+00. The base-
line is generally set landward of the present active beach to allow for future erosion/accretion.

Topographic data were collected via RTK-GPS (Trimble™ R8 GNSS), which provides position
and elevation measurements at centimeter accuracy. Beach profiles were obtained by collect-
ing data at low tide along the dunes, berm, and active beach to low-tide wading depth. Over-
water work was then performed at high tide to overlap the land-based work (Fig 2.2) and was
collected with RTK-GPS coupled with an Odom CV100™ precision echo sounder mounted on
CSE'’s survey vessel, the RV Southern Echo. Profiles were collected from the most landward
accessible point in the dune system to a minimum of 1,500 ft from the baseline. Profiles in the
project area extended up to 6,000 ft offshore to encompass the shoals associated with Dewees
Inlet. Alongshore spacing of the profiles ranged from 200 ft to 1,000 ft with the more closely
spaced profiles in the project area and along Breach Inlet. Comparative profiles from CSE’s
monitoring efforts are shown in Appendix A. The complexity of areas impacted by inlets
requires more detailed analysis (closer profile spacing) to fully incorporate volume changes
associated with shoal-bypassing events and inlet migration.

To better understand regional sand volume changes, seven reaches were defined along Isle of
Palms. By combining several profiles into a reach, it is easier to identify overall sediment gains
and losses over large portions of the beach. In the project area, the reaches differ from reaches
used during construction so as to encompass areas where no work was performed. [Some
sections of this report may refer to volume changes within constructed project reaches and will
be clearly indicated.]

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
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FIGURE 2.1 CSE established a monitoring baseline to encompass the length of IOP. The baseline between stations 222+00
and 376+00 corresponds to the baseline used in the 2008 project (project stations 0+00 through 174+00). Red labels indicate
locations of OCRM survey monuments. CSE profile sections are oriented perpendicular to the baseline while OCRM profiles are
perpendicular to the local beach azimuth. [CSE and OCRM azimuths are only significantly different at Breach Inlet.]
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FIGURE 2.2. CSE beach monitoring methods include land-based data collection using Trimble™ RTK GPS from the
backshore to low-tide wading depth and over-water work using RTK GPS linked to a precision echosounder aboard
CSE'’s survey boat (RV Southern Echo).
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The reaches used for monitoring purposes are shown in Figure 2.3 and are defined as follows:

Reach1  0+00 to OCRM 3115 Breach Inlet to 6! Avenue

Reach2  OCRM 3115 to OCRM 3125 6t Avenue to Sea Cabins Pier

Reach3  OCRM 3125 to OCRM 3140 Sea Cabins Pier to 31t Avenue

Reach4  OCRM 3140 to 222+00 315t Avenue to 53 Avenue

Reach5  222+00 to 280+00 5314 Avenue to Wild Dunes Property Owners Beach House
Reach6  280+00 to 328+00 Wild Dunes Property Owners Beach House to Dewees Inlet
Reach7  330+00 to 370+00 Dewees Inlet Shoreline

FIGURE 2.3. Location map of the reaches used in post-project monitoring at Isle of Palms. The 2008 beach restoration project
occurred in subareas within Reaches 5, 6, and 7.

To determine changes in beach volume along IOP, beach profile data were entered into CSE’s
in-house custom software, Beach Profile Analysis System (BPAS), which converts 2D profile
data in x—y (distance—elevation) format to 3D volumes. The software provides a quantitative
and objective way of determining ideal minimum beach profiles and how the sand volume per
unit length of shoreline compares with the desired condition. It also provides an accurate
method of comparing historical profiles—as the volume method measures sand volumes in the
active beach zone rather than extrapolating volumes based on single-contour shoreline position
(ie — from aerial photography). Unit-volume calculations can distinguish the quantity of
sediment in the dunes, on the dry beach, in the intertidal zone to wading depth, and in the
remaining area offshore to the approximate limit of profile change (closure depth).

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
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Figure 2.4 depicts the profile volume
concept. The reference boundaries
are site-specific, but ideally encom-
pass the entire zone over which sand
moves each year.

Sand volume was calculated between
the primary dune and between -10 ft
and -18 ft NAVD. The lower calcu-
lation limit was site-specific, as pro-
files in the center of the island and
along Dewees Inlet generally have
deeper closure depths than areas in
the unstable inlet/shoal zones. Com-
parative volumes and volume
changes were computed using stan-
dard procedures (average-end-area
method, in which the average of the
area under the profiles computed at
the ends of each cell is multiplied by
the length of the cell to determine the
cell’'s sand volume). Certain adjust-
ments were made to account for
changes in the baseline direction and
for volumes at the turn in the baseline
at Dewees Inlet.

FIGURE 2.4. Calculation of unit-width profile volumes is a means of comparing
the condition of one section of beach with another. Profile volumes are the amount
of sand contained in a one-foot length of beach between specified elevations.
[After Kana 1990]

Sand volumes for offshore areas were calculated from digital terrain models (DTMs) produced from
MATLAB and AutoCAD® Civil 3D®. DTMs are digital 3D representations of the topography and bath-
ymetry of an area and are useful for calculating changes in contour positions and calculating sediment

volumes. Position data were entered into software as x—y—z coordinates and were processed to pro-

vide cross-section profiles and volumes. DTMs from the 2013 data collections were compared with

earlier collections (pre-project and post-project) to determine changes in shoal positions and volumes.

Color contour maps were also produced from the DTMs.
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3.0 RESULTS

3.1 Beach Condition in Monitoring Reaches

The results of the 2013 monitoring survey show that the island gained ~11,200 cy (0.3
cyl/ft) of sand from July 2012 to July 2013. Reaches 1, 5, and 6 were erosional; however,
each lost less sand than the previous year. The central portion of the island continues to gain
sand, while portions of the eastern end (Beachwood East/Dunecrest and near Ocean Club) and
the area near Breach Inlet are the most erosional. Significant accretion was observed near
Beach Club Villas and Mariners Walk, in the lee of an attaching shoal. Volume change data for
each monitoring station and reach are given in Figure 3.1, and Tables 3.1 and 3.2.

Previous studies have demonstrated that sand tends to move away from shoal-attachment
zones in both directions (Kana et al 1985, Kana & Gaudiano 2001). This is apparent from the
results illustrated in Figure 3.1. Note the diminishing volume of sand in Reach 5 and Reach 6,
and the gain of sand in Reaches 2, 3, 4, and 7 since project completion. Reach 5 has fed sand
to the south(west), nourishing most of the island, while losses in Reach 6 have fed sand to the
Dewees Inlet shoreline (Reach 7). Sand transport along Isle of Palms is not uniformly from
“north to south” but rather occurs in complex patterns which are linked to the stage of “shoal
bypassing” and the proximity to inlet channels. Losses in Reach 1 (Breach Inlet area) have
occurred recently despite the increasing supply of sand immediately upcoast. Erosion in Reach
1 appears to be related to movement of a secondary channel of Breach Inlet.

The following sections describe detailed volume changes within each reach and discuss
changes to the inlet deltas.

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
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FIGURE 3.1. Average unit-width volumes for each monitoring reach at Isle of Palms. See Figure 2.3 for reach boundaries. Unit volumes
were calculated from the primary dune to a profile-specific depth, generally between -9 ft and -13 ft NAVD for the beachfront.
Nourishment occurred prior to the July 2008 data collection in Reaches 5, 6, and 7. Design-fill unit volumes for full sections were ~75 cy/ft
in Reach 5, ~140-180 cy/ft in Reach 6, and ~27 cy/ft in Reach 7. See Figure 2.1 for beach nourishment locations.
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TABLE 3.1. Profile unit-width volumes for each monitoring station at Isle of Palms. Nourishment occurred between stations 224 to 274
and stations 286 to 340 prior to the July 2008 data collection. Volumes are calculated between the approximate crest of the primary dune
and the indicated “elevation lens” depth. Nourishment areas are highlighted in blue (project reach A), green, (project reach B), and yellow
(project reach C). As additional surveys are completed, calculation limits may change to better encompass volume changes. This results
in small differences in reported volumes between the present and earlier reports.
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Reach 7 — Dewees Inlet (Volume Changes)

FIGURE 3.2. [UPPER LEFT] Reach 7 in December 2007.  [UPPER RIGHT] June 2008 near the end of the
project. [LOWER] November 2013. [Upper images by TW Kana] [Lower image by S Traynum]
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Dewees Inlet (Fig 3.2, previous page) generally receives less wave energy than the rest of the
Isle of Palms due to the sheltering effects of the ebb-tidal delta associated with the inlet.
Shorelines along stable inlets usually show less dynamic volume changes than ocean-facing
beaches; however, over time, they can experience severe erosion due to several factors. One
factor thought to contribute to localized erosion along the Dewees Inlet shoreline is wave
focusing through breaks in the inlet delta (Kana and Dinnel 1980). Breaks between the outer
shoals on the Dewees Island side of the channel allow larger waves or destabilizing diffracted
waves to reach the IOP shoreline and cause localized erosion. A low profile groin was built in
1981 near the 17" tee of the Wild Dunes Links Course to trap sand moving into Dewees Inlet
and slow erosion (Kana et al 1985) (see Fig 3.2). The monitoring reach (Fig 3.3) extends from
the turn in the shoreline near the 18" tee to the end of Cedar Creek spit.

Reach 7 has consistently gained sand since 2007 (Fig 3.4, upper), with most of the accretion
being focused near the seaward end of the reach (17" green and 18" tee area). The area
seaward of the groin (station 348+00 near the 17" tee) has gained ~61,750 cy of sand since
nourishment in 2008 (most of which was gained between stations 330+00 and 338+00). Of note
is that erosion which occurred rapidly following the project at stations 338+00 — 342+00 has
recovered and the beach is healthier than the post-nourishment condition at all but station
340+00. The beach inland of the groin has been relatively stable, showing a net gain of ~2,100
cy. Within this subreach, stations 348+00 thru 356+00 accreted an average of 6.4 cy/ft while
stations 358+00 thru 366+00 eroded an average of 7.4 cy/ft over the past year.

FIGURE 3.3. Station map of the Dewees Inlet area (Reach 7). Reach 7 spans from station 330+00 near the 18 tee to station 368+00
near Cedar Creek spit. The approximate limits of Reach C nourishment are identified by the orange-highlighted bar. The 1981 low profile
groin is positioned near station 348+00. [July 2011 aerial image by Independent Mapping Consultants Inc]
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FIGURE 3.4. [uPPER] Cumulative unit volumes for Reach 7 from 2007 to 2013. [LOWER] Unit volumes for stations in Dewees
Inlet. Profiles in the southwestern portion of the reach (17t green — 18 tee) have accreted following the project, while the
remaining stations have been stable or have eroded. The difference between 2013 (black line) and post-nourishment (green
line) shows the volume change since nourishment.
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Overall, the reach gained 23,650 cy (5.9 cy/ft) of sand over the past year. As of July 2013,
the reach contains 114,100 cy (28.5 cy/ft) more sand than the pre-nourishment condition. Wave
action directed towards and into the inlet moves sand from the front beach to the inlet shoreline,
leading to the observed accretion. Once the sand reaches Cedar Creek Spit, or is moved below
the influence of wave action, tidal currents in Dewees Inlet carry it offshore, building the delta
system. Over the last few years, a significant sandbar, termed a trailing ebb spit, has formed
just offshore of the point (see Fig 3.17 in this section). Sand lost from the front beach, some of
which may be cycled through Reach 7, is likely the source of sand for this growing feature.

Profiles from select stations in Reach 7 are shown in Figure 3.5. Station 332+00 is just seaward
of the beach access at the 17" green. The 0 ft NAVD contour (approximate mean sea level)
has moved over 100 ft seaward since the 2008 nourishment project. The station has accreted
between every monitoring survey since 2008. Station 340+00 is located along the central
portion of the 17™ fairway of the Links Course. This area eroded rapidly following the project;
however, since 2009, the position of the berm crest has been fairly stable. Over the past two
years, the lower profile (below -7 ft NAVD) has gained a significant amount of sand, which is
essentially forcing this portion of Dewees Inlet away from Isle of Palms. The wider underwater
base is likely contributing to modest growth of the berm over the past year.

Station 354+00 is located near the Seagrass Lane boardwalk and has been fairly stable since
2007 with only minor fluctuations in the position of the berm crest. Significant dune growth is
evident and is characteristic for an area showing long-term stability. Much like station 340+00,
gains were observed in the lower profile. Profiles and aerial imagery show the spit has
transitioned from bare sand flats to a vegetated dune area with a dry beach. Since May 2008,
the profiles show ~4 ft of vertical dune growth, though a loss of ~70 ft of beach width at the 0O ft
NAVD contour.

Ground photos of Reach 7 show that vegetation has spread and matured along the 2008 fill
area (Fig 3.6). The escarpment which ran along the 17" green prior to nourishment has healed
and is now well set back from the water. A substantial amount of wrack (dead marsh grass) has
accumulated along the shoreline in this reach. The wrack facilitates dune growth and is a
benefit to beach organisms. USFWS generally discourages removal of wrack from the beach.

[Note: These results are based on profile volumes between the foredune and -13
ft to -18 ft NAVD. They do not include changes along the Dewees Inlet channel
margin between -18 ft and -38 ft, the approximate inlet depth along the reach.]
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FIGURE 3.5.
Profiles for selected stations in Reach 7.

The seaward end of the reach has accreted
(station 332) since nourishment, while the
central and inland portions of the reach
have remained fairly stable.
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FIGURE 3.6. [uPPER] View looking south from station 332+00 in July 2013; the sand visible in this image has accreted since
nourishment. [MIDDLE] Northwest view in July 2013 from station 344+00 ~400 ft seaward of the groin. A small scarp is visible;
however, a dry berm separates the high waterline from the dune. [LOWER] View seaward of the nourished area of Reach 7 in July
2012. Vegetation has become well established seaward of the sand fencing. The pre-project dune line (red dotted line) is the
dense vegetation ~25 ft to the right of the fencing in the image. [Photos by D Giles andS Traynum]
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Reach 6 — Wild Dunes Property Owners Beach House to Dewees Inlet

FIGURE 3.7. Reach 6 in December 2007 (upper left), June 2008
near the end of the project (upper right), September 2009 (lower
left) and November 2013 (center right).

[Upper images by TW Kana; lower left image by C Jones; center
right image by S Traynum]
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Reach 6 (Fig 3.7, previous page) extends from the Wild Dunes Property Owners Beach House
~4,900 ft northeast to the 18" fairway, where the beach turns into Dewees Inlet (station 280+00
to station 328+00, Fig 3.8). Shoal-bypassing events have highly impacted this area since the
island’s formation. Depending on the location and timing of the bypass events, the shoreline
can change hundreds of feet over a period of several months (Kana et al 1985, Gaudiano 1998).
As was the case in 2007-2008, the shoreline may encroach on development in this reach when
shoal-bypass events are prolonged.

FIGURE 3.8. Reach 6 spans from the Wild Dunes Property Owners Beach House (station 280+00) to the 18t fairway of the Wild Dunes
Links Course (station 328+00). The approximate limits of nourishment Reach B are identified by the orange-highlighted bar. [July 2011
aerial image by Independent Mapping Consultants Inc]

Previous studies have suggested that the background, long-term erosion for the northeastern
end of IOP is between 15,000 cy/yr and 30,000 cy/yr even though the estimated average
volume of sand added by each shoal-bypass event is ~500,000 cy (CSE 2007). This means
that, while large fluctuations in the shoreline and severe local erosion may occur, the long-term
erosion rate for the area is relatively low. Sand simply migrates from one area of the beach to
another and is either transported back to Dewees Inlet or downcoast to IOP, eventually being
replaced by offshore sand through another shoal-bypassing event.

Prior to nourishment in June 2008, most of Reach 6 was severely eroded with profile volumes
seaward of development well below an ideal condition. Property owners had piled sand bags
against buildings for protection, and little or no dry beach was present (see Fig 1.3). The condi-
tion was beginning to improve just before the nourishment as the shoal attaching at the western
end of the reach was in Stage 3 of the bypass cycle. Sand was moving from the shoal toward
Dewees Inlet, but not quickly enough to restore the beach along most properties north of the
Wild Dunes Property Owners Beach House (WDPOBH).
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Additional sand was needed to supplement the natural sand transport condition. Between
March and July 2008, ~628,000 cy of sand were added to the reach through nourishment and
natural spreading of sand from the shoal (the design volume for this reach was 550,000 cy).
Average profile unit volumes increased from 226 cy/ft to 355 cy/ft (calculated to -10 ft NAVD)
(Fig 3.9, upper).

The western end of Reach 6 (and eastern end of Reach 5) has been the most dynamic portion
of the island due to attaching shoal-bypass events. The large event occurring from 2004 to
2007, which led to the 2008 nourishment project, produced an extreme bulge in the shoreline
(Fig 3.10). This bulge spread over the next two years while additional sand was moving
onshore. The additional sand coalesced in another shoal-bypass event which attached in 2009,
followed by a small event in 2010. These events maintained the excess sand supply near the
Wild Dunes Property Owners Beach House through 2010. From 2010 until 2012, no additional
sand attached to the beach, and much of the excess sand spread to downcoast areas.

Since 2007, CSE has been monitoring a large-scale channel avulsion event, which is a natural
realignment of the main Dewees Inlet channel and subsequent migration of offshore sand as the
new inlet and delta evolve. A large sand shoal has been migrating toward the beach over the
past several years and has now shifted close enough to the beach to begin impacting the lee-
ward shoreline. This is evident in the accretion observed near Beach Club Villas and Mariners
Walk over the past year. Stations 280+00 (WDPOBH) to 294+00 (Shipwatch) gained an aver-
age of 40 cy/ft of sand from 2012 to 2013. Most of the volume gain was along the wet beach or
underwater, though the dry beach accreted near Mariners Walk. CSE expects accelerated
accretion in this area over the next year as the offshore shoal continues to approach the beach.

The beach between Shipwatch and Tidewater has been fairly stable since nourishment and
maintains a wide, flat berm between structures and the waterline (Fig 3.11). The berm is con-
tinuing to develop dunes and vegetation along the sand fencing and over the nourished berm
Fig 3.12).

The remainder of Reach 6 (east of Port O’Call) has been erosional since nourishment with the
most significant erosion centered at the Ocean Club building and 18™ green of the Links Course
(see Fig 3.9, lower). Erosion was rapid in this area in the first year after nourishment and then
slowed from 2009 through 2012. This erosion, coupled with the lower relative setback of the
Ocean Club building and 18™ green, resulted in the loss of most of the dry berm fronting these
structures by early 2012.
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FIGURE 3.9. [uPPER] Bar graph showing beach unit volumes calculated to =10 ft NAVD in Reach 6. Overall, this reach has
over 100 cy/ft more sand in July 2012 than in July 2007 (prior to shoal attachment and nourishment. [LOWER] Profile unit-width
volumes for stations in Reach 6. Erosion has dominated the ends of the reach. The beach was much more stable from 2009 to
2012; however, erosion increased along the eastern portion of the reach over the past year.
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FIGURE 3.10. Sequence of aerial photographs showing four distinct shoal-bypass events occurring between 2007 and 2013.
The 2009 and 2010 events were of much smaller scale than the 2007 event or the present event. The first three images were
obtained by Independent Mapping Consultants (IMC, Charlotte NC); the fourth image was obtained from Google Earth (2013).
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FIGURE 3.11.
Profiles for selected stations in Reach 6.

Station 284+00 rapidly eroded from 2009
to 2012; however, the berm was stable
over the past year as the shoal moved
closer to the beach.

Station 292+00 (Shipwatch) has accreted
since nourishment. It is directly in the lee
of the approaching shoal, which was
~600 ft from the beach in July 2013 and
had migrated ~600 ft landward over the
previous year.

Station 314+00 eroded rapidly the first
year after the 2008 project and continues
to be an erosion hotspot.
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FIGURE 3.12.

[uPPER LEFT] View north in December 2007 near Summer
Dunes Lane prior to the nourishment project.

[CENTER LEFT] Station 288+00 looking west (July 2013), in
the lee of the attaching shoal.

[CENTERRIGHT] Station 292+00 looking east (July 2013), also
in the lee of the attaching shoal. Note the dry beach,
indicating accretion in this area.

[LOWER LEFT] Station 314+00 looking west (July 2013).

[LOWER RIGHT] Station 314+00 looking east (July 2013).
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A shoal management project was conducted in March of 2012 which placed ~87,000 cy of sand
between stations 306+00 and 320+00; however, most of the dry berm created during the project
had eroded by July 2012 (more details of the 2012 shoal management project and current plans
for additional work are given in Section 3.2).

Erosion has increased from Port O’Call to the 18™ fairway over the past year. Stations 306+00
thru 320+00 lost an average of 43.3 cy/ft from 2012 to 2013, which is less than the rate
observed following the project but higher than typical rates over the past several years, and is
spread over a greater distance along the beach. Hurricane Sandy, passing the area in October
2012, caused significant dune recession and likely contributed to the increase in erosion
observed over the past year. Profiles show an ~50-ft recession of the berm crest and a steeper
beach along most of this area. The increase in erosion is believed to be in response to the
approaching shoal west of the area as it is now in Stage 2 of the shoal-bypass cycle. The
eroded area is the characteristic erosional arc commonly present adjacent to shoal-attachment
sites. Erosion is expected to continue until the main body of the shoal attaches and sand
begins to spread, or a management project is completed.

Overall, Reach 6 lost 22,838 cy (4.7 cyl/ft) of sand over the past year. This is the lowest
annual erosion rate observed since 2009, and only about one third of the volume lost over the
previous year. Stations 280+00 thru 296+00 gained a total of 54,400 cy while stations 296+00
through 322+00 lost ~93,600 cy. The area along the front beach near the point (near the dogleg
of the 18" fairway) gained sand over the past year. The reach retains ~377,000 cy (77 cy/ft)
more sand than the 2008 pre-nourishment condition. It has lost ~250,000 cy since nourishment.
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Reach 5 — 53" Avenue to Wild Dunes Property Owners Beach House

FIGURE 3.13.

[LEFT]
Reach 5 in December 2007.
[Photo by TW Kana]

[RIGHT]
Reach 5 on 15 November 2013.
[Photo by S Traynum]
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Reach 5 (Fig 3.13, previous page) spans ~6,000 ft between 53™ Avenue and the Wild Dunes
Property Owners Beach House and encompasses project Reach A (Fig 3.14, stations 222+00
thru 280+00). Like Reach 6, this area is greatly influenced by shoal-bypass events, especially
at the northern end of the reach where the majority of shoals attach to the beach.

FIGURE 3.14. Reach 5 spans from 53 Avenue (station 222+00) to the Wild Dunes POBH (station 280+00). The approximate limits of
nourishment Reach A are identified by the orange-highlighted bar. [March 2009 aerial image by Independent Mapping Consultants Inc]

Prior to the 2008 nourishment, an erosional arc had formed in the area of the Wild Dunes Grand
Pavilion (station ~248+00) (see Fig 3.10). Erosional arcs are typical in areas adjacent to shoal
attachment sites because of wave refraction and sediment transport reversals, which drive sand
from these areas into the lee of the shoal during Stages 1 and 2 of the shoal-bypass cycle.
Immediately prior to nourishment, the “2007” shoal had completely attached (Stage 3) at the
northern end of the reach, and sand was beginning to spread into the eroded areas.

Reach 5 gained ~318,000 cy (128.1 cy/ft) of sand between March and July 2008; this included
nourishment and natural accretion from the shoal attachment (Fig 3.15, upper). The design vol-
ume was 270,000 cy, and CSE estimates ~340,000 cy of sand were added to the project area
between March and July 2008. [Note the project reach limits differ from the monitoring reach,
producing the difference in accretion numbers.] Design fill unit volumes were ~75 cy/ft through-
out area A, decreasing in the taper sections. Dry beach width increased up to ~225 ft in this
reach. The northern portion of Reach 5 was highly erosional prior to the nourishment project,
losing up to 45 cy/ft between July 2007 and March 2008 (Fig 3.15, lower). The rest of the reach
was more stable, gaining sand at most stations.
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FIGURE 3.15. [uPPER] Bar graph showing beach unit volumes calculated to -10 ft NAVD in Reach 5. While the 2013 average
sand volume is less than the pre-nourishment condition, stations 222-258 (3,600 ft of a total of 6,000 ft of Reach 5) still hold
~184,100 cy (51.1 cy/ft) more sand than the pre-nourishment condition. [LOWER] Profile unit-width volumes for stations in Reach 5.
Erosion has dominated the northern part of the reach (stations 250-278) and is associated with excess sand spreading from shoal
attachment events in 2006, 2009, and 2010 and shoal-induced erosion from the present event.
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Erosion prior to the project was due to spreading of the “2007” shoal, which attached to the
beach in 2007 at the northern end of the reach. The shoal created a protrusion in the shoreline
focusing wave action until this area straightened between 2007 and 2008. Since project com-
pletion in June 2008, Reach 5 has shown erosion in the eastern portion (~2,000 ft) of the reach
and accretion in the western part (~3,400 ft) of the reach (Fig 3.15, lower). Erosion has been
most prevalent near Beachwood East and Dunecrest Lane. The beach fronting the Wild Dunes
Grand Pavilion has been more stable, while the beach has accreted along the western ~1,000 ft
of the reach.

Reach 5 was mostly erosional from 2012 to 2013 although some areas within the reach did gain
sand in the underwater portion of the profile. Stations 222+00 through 234+00 were generally
stable or showed relatively minor erosion and little change in the position of the berm. An ero-
sional arc has developed between stations 236+00 and 254+00, causing up to 50 ft of berm
recession. Greatest erosion was observed near the Grand Pavilion where stations lost 60—70
cy/ft. Near the eastern side of the Grand Pavilion and the Seagrove Condos, an underwater
sand bar was present just below low-tide wading depth (-5 ft NAVD) which is likely providing
sand to the beach.

A July 2013 aerial image of the bar and profiles from station 252+00 are shown in Figure 3.16.
The sand attaching to the beach is a remnant of the westernmost portion of the 2007 ebb-tidal
delta, which was abandoned when the inlet channel relocated to the east. The sand, which was
spread over a large area offshore of the WDPOBH in 2007, has condensed into isolated shoals
near stations 250+00 through 264+00 and into the linear shoal visible in Figure 3.17 west of the
subaerial shoal off of Shipwatch.

Another erosional arc spans stations 260+00 through 280+00 (Beachwood East to WDPOBH),
causing significant erosion over the past year. These stations lost up to 110.1 cy/ft and up to
~150 ft of beach width (station 268+00), reducing the distance between structures and the berm
crest to a low of ~80 ft near Dunecrest Lane (Fig 3.18). The +5-ft NAVD contour is now
landward of the 100-ft buffer line established in the shoal management permit. This area should
be monitored closely over the next year (Fig 3.19). If erosion reaches a point where structures
may be threatened, sand can be placed during the next shoal management project.
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FIGURE 3.16. [uPPER] July 2013 aerial image of the area from the Wild Dunes Grand Pavilion to Beachwood East
showing isolated sand bars (areas with breaking waves) attached or near the beach. [LOWER] Profiles from station
252+00 showing a sandbar attached to the beach. These bars are formed from remnants of the pre-2007 inlet channel
delta fan, which collapsed following the channel avulsion event and is migrating toward the beach.
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FIGURE 3.17. November 2013 oblique aerial image of the northeastern end of Isle of Palms. Several events are occurring
simultaneously, all of which have an impact on the beach condition. CSE expects the beach will evolve rapidly over the next year due to
the current shoal-bypass event.

Erosion diminishes toward the eastern end of the reach, though berm recession is still evident.
The offshore underwater area has gained volume as the western edge of the shoal-bypass
event approaches the beach and is within the volume calculation limits.

Overall, Reach 5 lost 107,400 cy (17.9 cy/ft) over the past year, which is the highest
erosion rate measured on the island. The reach currently has ~141,700 cy (23.6 cy/ft) less
sand than the pre-nourishment condition; however, the deficit is restricted to the area from
station 258+00 to station 278+00 (eastern third of the reach). These stations have lost a total of
325,800 cy since March 2008 (pre-nourishment condition), which includes the ~62,200 cy
gained during the nourishment project. The remainder of the reach from stations 222+00 to
258+00 holds 184,100 cy more sand than the pre-nourishment condition, which represents ~72
percent of the volume placed within those limits.
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FIGURE 3.18.

Profiles for selected stations in Reach 5 (just
west of Beach Club Villas).

Sand is attaching to the beach at various
locations along the eastern half of the reach,
causing an erosional arc (see text) and
isolated sand bars.

The western edge of the bypassing shoal is
visible at station 272+00 located ~700 ft
offshore of the beach.
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FIGURE 3.19.

Ground photos along various areas of Reach 5 in
July 2013.

[1st RIGHT] Station 222+00 (53¢ Avenue) — The
2008 dune line is located where the yellow trash
cans are visible. This area has substantially
accreted since 2008.

[2nd RIGHT] Station 244+00 (west side of Grand
Pavilion) — The westernmost of two erosional
arcs is centered along the Grand Pavilion. Note
scarping of the berm.

[3 LEFT] Looking east from station 252+00
(east end of Grand Pavilion) into the more stable
area which is between the two erosional arcs.

[4th RIGHT] Looking west from station 276+00
(Beach Club Villas 1) into the eastern erosional
arc. Erosion has caused substantial berm
recession, leaving little protection for some
houses (left bottom photo).
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Summary of Volume Changes in Reaches 5-7 (53" Avenue to Cedar Creek)

The various erosion/accretion observations along the eastern end of the Isle of Palms (Reaches
5-7) were detailed in the previous sections. The influence of Dewees Inlet leads to rapid shore-
line fluctuations that are difficult to predict; however, the City’s monitoring efforts have gen-
erated a reliable and comprehensive dataset which allows for advance planning and better
projections of future changes. Beach volume changes over the past year reflect distinct
processes which are all tied to various stages of shoal-bypassing events, specifically:

e The bypassing bar is close to the beach and is impacting the shoreline. The beach
near Mariners Walk and Shipwatch is accreting due to the sheltering effects of the
shoal. Away from the protection of the shoal, erosion has increased, forming the
characteristic erosional arcs associated with bypass events.

e Focused erosion is occurring near Ocean Club and the 18" hole, near Dunecrest
Lane, and along the Wild Dunes Grand Pavilion. Erosional arcs fronting the Grand
Pavilion and Dunecrest Lane are causing scarping of the berm.

» |solated bars near the western end of the shoal attachment site (fronting Seagrove,
Beachwood East, and Dunecrest Lane) are impacting the beach and creating varying
topography close to shore. These small bars are causing rapid varying zones of
erosion and accretion as they migrate onshore.

o The trailing ebb spit at the eastern point of the island continues to grow in extent and
increase in elevation (Fig 3.20). This feature is a key to restoration of the beach
along the 18" fairway and Ocean Club Villas. When fully developed, trailing ebb spits
act like terminal groins, trapping and retaining sand moving toward the inlet.

FIGURE 3.20. [RIGHT] November 2013 aerial image of a trailing ebb spit (breakers at bottom left of photo) at the northeastern end of Isle
of Palms. [LEFT] A similar, but more developed, trailing ebb spit was present in 1980 (photo by TW Kana).
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Overall, Reaches 5-7 lost 106,575 cy from July 2012 to July 2013 (Fig 3.21). This compares
to losses of ~215,000 cy from July 2011 to July 2012, and 152,000 cy from September 2010 to
June 2011. All subreaches within Reaches 5—7 showed less erosion (or more accretion) than
the previous year. Reaches 5-7 still retain ~350,000 cy (23.5 cy/ft) more sand than the pre-
nourishment condition. The Wild Dunes area of Isle of Palms has lost ~646,000 cy (43.4 cyl/ft)
since July 2008 (post-nourishment condition), which equates to an average annual loss of 8.7
cubic yards per foot year (cy/ft/yr). Presently 54 out of 75 stations in Reaches 5-7 (72 percent)
retain more sand than the pre-nourishment condition.

FIGURE 3.21. Beach volume relative to March 2008 (pre-nourishment). The values shown include all areas (both
nourished and non-nourished) and do not account for sand accumulated at the turn in the baseline at the northeastern
point, which is estimated to have gained over 50,000 cy since March 2008. These volumes do not include ~1.6 million
cubic yards of sand in the bypassing shoal which is poised to weld along Wild Dunes in the next couple of years.

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
[2386YR2] 42 Isle of Palms, South Carolina



Central Reaches 2—-4 (6™ Avenue to 53 Avenue)

Reaches 2-4 represent the central portion of the island and have historically been stable to
accretional over the past century. The reaches are considered to be outside of the direct
influence of Dewees and Breach Inlets and are classified as “S” for standard erosion zones by
SCDHEC-OCRM. Erosion/accretion signatures along “S” zones tend to be predictable over the
long term. Short-term changes in sand volume are generally smaller in magnitude than in areas
close to inlets (SCSGC 2001).

Reaches 2-4 represent 17,810 ft of shoreline between 6" and 53™ Avenues (Fig 3.22). CSE
established profile stations at 1,000-ft spacing and reoccupied monuments established by
SCDHEC-OCRM, which have been surveyed generally every year since the early 1990s. CSE
profiles were obtained in March and September of 2009 and 2010, in June 2011, and in July
2012 and 2013. Unit volume changes for Reaches 1-4 are shown in Figure 3.23.

FIGURE 3.22. Monitoring reach boundaries.

From March 2009 to September 2009, Reaches 2—4 lost ~33,000 cy (1.8 cy/ft) of sand over the
~18,000 ft of shoreline represented. Since then, these reaches have shown net accretion,
gaining ~176,000 cy (9.9 cy/ft) over the past year. The changes since March 2009 total 534,250
cy (30 cy/ft), which is an annual accretion rate of 6.9 cy/ftlyr. Stations 3115 and 50+00 (6™
Avenue) were the only profiles that lost sand over the past year, while all other stations gained
sand, averaging 10.8 cy/ft.

Details for each reach are given in the following sections.
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FIGURE 3.23. Profile unit-width volume change (cy/ft) between March 2009 and later dates for Reaches 1-4. CSE established and
surveyed profiles spaced 1,000 ft apart within the Isle of Palms reaches and reoccupied monuments surveyed annually by SCDHEC-
OCRM. Historically, these reaches have been accretional; however, between March and September 2009, most stations outside of the
influence of the inlet or project were erosional. Since September 2009, most stations have shown accretion and are currently healthier
than the March 2009 condition (ie — where the black line is greater than zero). The higher rates and westward sequence of accretion along
Reach 4 illustrate the downcoast spread of nourishment sand from Reach 5. [Volumes are relative to the March 2009 condition.]
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Reach 4 — 31°%' Avenue to 53" Avenue

Reach 4 spans 7,910 ft between 31 Avenue and 53" Avenue (stations OCRM 3140 to CSE 222+00)
(Fig 3.24). Being immediately downdrift of the 2008 nourishment project, it should, therefore, benefit
from losses of nourishment sand from the project area. Reach 4 was stable from March to September
2009 and has accreted between each monitoring event since then (see Table 3.2).

FIGURE 3.24. Reach 4 — stations OCRM 3140 (31st Avenue) to CSE 222+00 (53" Avenue) — noted by the orange-highlighted bar.

All stations within Reach 4 gained sand from July 2012 to July 2013. Accretion was greater along the western
half of the reach, averaging 14.2 cy/ft from stations 3140 to 3150 (31% to 41*' Avenues). The eastern half of the
reach averaged gains of 8.8 cy/ft. Reach 4 has been the most accretional area (not including local short-term
accretion associated with shoal-bypass events) of the island since 2009, gaining over 40 cy/ft. Profiles from
stations within Reach 4 show increasing dune height and width, and a consistent buildup of sand in the
underwater profile (Fig 3.25). Ground photos from Reach 4 are shown in Figure 3.26.

Overall, Reach 4 gained ~86,400 cy (10.9 cy/ft) of sand from 2012-2013. Since March 2009, the reach has
gained a total of 323,400 cy (40.9 cy/ft), which is an average annual accretion rate of 9.3 cy/ft per year.
Historical accretion along this reach (combined with sufficient setbacks for development) has led to a substantial
dune system between most structures and the beach. As long as there is slow steady accretion, the foredune
will continue to build wider and higher, offering more storm protection to property behind the dunes (Fig 3.27).

Gains in Reach 4 are due to spreading of nourishment sand (and native material) from the eastern end. The
present shoal-bypass event in Reaches 5 and 6 may interrupt the flow of sand from upcoast by drawing sand
into the lee of the attaching shoal. Some sand will continue to move downcoast from Reach 5; however, most
likely at a slower rate than the past two years. Once the shoal attaches (especially at the western edge), sand
will again migrate downcoast. The timing of the attachment will control the volume of sand moving into Reach 4
over the next year. CSE expects the western edge of the shoal to attach by winter 2014-2015 although wave
conditions may delay this.
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FIGURE 3.25.

Profiles from Reach 4 stations 202+00 (47t
Avenue), 180+00 (40t Avenue), and
150+00 (33 Avenue). These stations
gained 9.0 cy/ft, 19.2 cy/ft, and 17.7 cy/ft
(respectively) between July 2012 and July
2013.

A volume of sand is spreading downcoast
from the nourishment area, evidenced as
higher unit volumes (relative to March
2009) further downcoast (southwest) each
year.
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FIGURE 3.26. July 2013 photos from Reach 4. [TOP] View east from station 3140 (31st Avenue)
showing a narrow, but growing, dry beach and stable dune. [CENTER] View east from station 3145 (36t
Avenue) showing a wide dry beach and healthy dune system. [BoTTOM] Inland view of station 202+00
(Citadel Beach House) showing vegetation propagating across a stable dry berm. The 2008 dune line is
the high dune landward of the surveyor. In the 1980s, the Citadel Beach House lacked a dry-sand beach,
and the property was protected by an exposed seawall. [Photos by S Traynum)]
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FIGURE 3.27. November 2013 aerial image of the central portion of Isle of Palms. Steady
long-term accretion has resulted in wide vegetative buffers and protective dunes. Note
oblique low-tide bars and troughs (“runnels”) along the beach, which form under the
influence of waves from the northeast. [Photo by SB Traynum]
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Reach 3 — The Sea Cabins Pier to 31°' Avenue

Reach 3 spans the oceanfront from the Sea Cabins Pier to 31* Avenue (OCRM monuments
3125 to 3140, Fig 3.28). Like Reach 4, the long-term trend in this area is stable to accretional.
Profiles from OCRM station 3135 (near 27" Avenue) show the beach has gained ~40 ft in width
at the +5-ft NAVD contour (Fig 3.29) over the past ten years. A similar trend is evident at
OCRM station 3125 (14™ Avenue) with dune growth and beach widening over the past ten
years.

FIGURE 3.28. Reach 3 spans from station OCRM 3125 (pier) to station OCRM 3140 (31st Avenue) — noted by the orange-highlighted
bar.

Reach 3 has shown various periods of erosion and accretion since CSE began island-wide
monitoring in 2009. This is typical for stable to moderately accretional beaches as variations in
wave conditions from year to year and temporary changes in sediment supply lead to minor
fluctuations in yearly volume change. Over the long term, the trend is accretion.

The reach lost 4.6 cy/ft from March to September 2009, then gained 11.7 cy/ft through
September 2010. Erosion occurred from September 2010 to June 2011 (5.5 cy/ft), but the
reach has accreted since then, gaining 9.4 cy/ft from June 2011 to July 2012. Reach 3 gained
12.2 cy/ft (68,500 cy) over the past year. Individual stations accreted from 6.1 cy/ft to 24.6
cy/ft. Since 2009, the reach has gained 130,800 cy (23.3 cy), which is an average annual rate
of 5.3 cy/ft per year. Profiles show continued dune growth throughout the reach. The majority
of the 2012—-2013 accretion was in the underwater portion of the profile, between -5 ft and -10
ft NAVD (Fig 3.29). Photos from the reach are shown in Figure 3.30.
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FIGURE 3.29.

Profiles from OCRM station 3135 (27t
Avenue) (upper), station 110+00 (24
Avenue) (middle), and station 90+00 (County
Park) (lower).

Sustained accretion has led to nearly 100 ft
of beach growth over the past decade along
some portions of Reach 3.

[Profiles prior to March 2009 courtesy
SCDHEC-OCRM.]
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FIGURE 3.30. [UPPER LEFT] Station 100+00 (21st Avenue) looking east in July 2013. Note the healthy dune and various wrack lines
representing high-tide swash lines at various tidal stages. (Spring tide is near the dune while the neap tide is ~30 ft seaward.) [UPPER
RIGHT] Station 120+00 (261 Avenue) shows a healthy, but relatively low, dune. Winter storms typically cause minor dune erosion along
this area, which usually heals during the calmer summer months. [CENTER LEFT] Station 140+00 (30t to 31st Avenue) looking west. A
significant dry beach is present in July 2013. [LOWER RIGHT] November 2013 aerial image of the area around Sea Cabins Pier (separating
Reach 2 and Reach 3). [Photos by S Traynum]
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Reach 2 — 6" Avenue to the Sea Cabins Pier

Reach 2 spans 4,280 ft between 6™ Avenue and the Sea Cabins Pier (OCRM monuments 3115-3125) (Fig
3.31). Reach 2 shows an erosion-accretion pattern similar to Reach 3 with net accretion since 2009
although the magnitude of volume change is generally smaller in Reach 2. The reach eroded from March to
September 2009 (-1.6 cyl/ft), then accreted from September 2009 to March 2010 (1.4 cy/ft) and again to
September 2010 (3.4 cy/ft). Erosion was observed from September 2010 to June 2011 (-1.1 cy/ft). The
reach gained ~50,000 cy (11.7 cy/ft) from June 2011 to July 2012.

FIGURE 3.31. Reach 2 spans from OCRM 3115 (6% Avenue) to OCRM 3125 (Sea Cabins Pier) — noted by the orange-highlighted bar.

Over the past year, the reach gained ~20,900 cy (4.9 cy/ft). The central and eastern portion of
the reach gained sand (8" Ave thru 14™ Ave), while the area between 6" and 7" Avenues eroded.
An erosional arc has formed along the western end of the reach, centered near station 50+00 (Fig
3.32). This arc may have formed in connection with an expansion of the marginal flood channel of
Breach Inlet, which has extended to the east, creating a mini-sand headland that modifies incipient
waves. It may also be a result of an erosional wave migrating down the beach (Bodge 1995), which
is a temporary interruption in sand supply moving along the island. Between 2011 and 2012, CSE
observed erosion (or lower-than-normal accretion) roughly 1 mile east, which would be an indicator
of an erosional wave (cf — Fig 3.23). An October 2013 assessment of the area showed that dune
erosion continued at station 50+00; however, adjacent stations showed some recovery of the dune.
CSE believes that the localized erosion is temporary, and likely to reverse given the healthy,
upcoast sediment supply. CSE will continue to closely monitor this area as part of its quarterly
monitoring effort around Breach Inlet.

Reach 2 has gained ~80,000 cy (18.7 cy/it) of sand since March 2009, an average annual accretion
rate of 4.3 cy/ft per year. Profiles show relative stability or seaward growth of the dune compared to
2009 (Fig 3.33). Similar to reaches 3 and 4, accretion was observed in the underwater portion of
the profile (-5 to =10 ft NAVD) along all stations in Reach 2.
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FIGURE 3.33. Profiles from station 50+00 (7" Avenue, upper) and station 80+00 (12t Avenue, lower). An
erosional arc is centered at station 50+00, causing significant dune recession at this location.
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FIGURE 3.34. [uPPER] View looking east from station 70+00 (10t Avenue) in July 2013 showing a wide dry-
sand beach for volleyball nets and recreation. [MIDDLE] View looking west from station 50+00 (west of 7t
Avenue) in July 2013 showing a scarped dune. An erosional arc was centered near this station in July and
October 2013. [Lower] View west from station 50+00 in October 2013. Erosion from July to October was
limited to this station only. Adjacent stations showed stable dunes and gained volume (to -6 ft NAVD).
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Reach 1 — Breach Inlet

Reach 1, between Breach Inlet and 6™ Avenue (Fig 3.35), is classified as an unstabilized inlet
erosion zone due to the dynamic nature of the shoals associated with the inlet delta. While
labeled as unstable, the long-term trend for this reach is accretion with an estimated growth of
~8.9 ft/yr (linear beach width). The historical accretion trend in this reach is due to a plentiful
sand supply from upcoast and sand trapping by the Breach Inlet ebb-tidal delta.

FIGURE 3.35. Reach 1 spans between Breach Inlet and 6! Avenue — noted by the orange-highlighted bar.

Sand supply originates from shoal-bypass events at Dewees Inlet and longshore sand transport
from north to south over the length of IOP. Excess sand is deposited along the southern spit of
the island (Reach 1) and in the Breach Inlet ebb-tidal delta. Shoals of Breach Inlet form a protu-
berance in the shoreline, which backs sand up along the oceanfront much like a terminal groin
traps sand. Changes in this area are related to bars from the inlet delta migrating onto the
beach or marginal flood channels moving landward or seaward. Such natural processes lead to
rapid changes in the beach volume compared to the central IOP reaches.

Reach 1 was accretional from March 2009 to September 2010, gaining a total of ~89,000 cy of
sand. Since then, the reach has lost ~182,000 cy of sand. Over the past year, the reach lost
58,000 cy (13.2 cy/ft) (eg — Fig 3.1), which is down from a loss of ~87,000 cy over the previous
year. Erosion was variable throughout the reach with the western end (stations 0+00-8+00)
losing between 23.0 and 76.7 cy/ft, stations 12+00 and 16+00 gaining 22.0 and 30.7 cy/ft
(respectively), and stations 20+00 thru 40+00 losing 10.5-21.7 cy/ft. There was substantial
recession of the dunes increasing from east to west. Station 40+00 (between 5" and 6"
Avenues) lost ~20 ft of dunes while station 4+00 (at the tip of the upland area near Breach Inlet)
lost ~100 ft of dunes. Overall, the reach has lost ~93,000 cy (21.2 cy/ft) since March 2009,
which is an average annual erosion rate of 4.8 cy/ft/yr.
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Erosion has persisted along the Breach Inlet reach since 2010, though impacts of the erosion
were restricted to the lower beach until this past year. When Hurricane Sandy passed offshore
of South Carolina in late October 2012, it caused severe dune recession of the Breach Inlet
area. CSE estimates that the dune receded over 50 ft in the area west of 3" Avenue during the
storm. Station 4+00, near the western tip of upland area, lost ~100 ft of dunes from July 2012 to
July 2013, but was more stable from July to October 2013 (Fig 3.36). Similar trends were
observed further east of the inlet, although 2012-2013 dune recession generally decreased
further east.

Dune recession in Reach 1 provided evidence of ongoing erosion and generated concern
among property owners in the area. In subsequent discussions with the City, CSE provided an
opinion that the erosion was temporary and likely a result of cyclical changes in the delta of
Breach Inlet. Based on historical trends and ebb-tidal delta morphology, CSE expects Reach 1
to rebuild naturally without intervention. Nevertheless, CSE recommended additional monitoring
be conducted to document short-term volume and contour changes. Additional assessments
provide quarterly updates on the beach condition and give the City information for planning miti-
gation efforts should they be warranted. CSE completed the first quarterly monitoring event in
October 2013. Results showed that all areas other than station 50+00 gained sand and had
stable dunes between July and October 2013 (Fig 3.37). A summary letter from the October
assessment is included in Appendix B.

The beach condition near Breach Inlet is heavily influenced by currents and shoals. Net
sediment transport to the west causes the main channel to migrate west, extending over the
eastern portion of Sullivan’s Island. Much like Dewees Inlet at the eastern end of Isle of Palms,
periodic breaks in the delta shoals allow the main channel to relocate further east, starting the
migration process over again. A realignment event occurred between 2009 and 2011, and since
then, the seaward end of the inlet has migrated away from Isle of Palms. This has caused the
delta shoals to shift southwest, likely drawing off sand from the beach near Breach Inlet. Digital
terrain models (DTMs) show the main channel and eastern shoal shifting west from 2012 to
2013 (Fig 3.38). They also reveal that the marginal flood channel (labeled M) has shifted closer
to the beach at the western tip of the island. The marginal flood channel has developed a lobe
at the seaward end (labeled “L” in Figs 3.37 and 3.38) which has created a bulge in the delta.
This feature modifies local waves and may be contributing to erosion along the eastern portion
of Reach 1 and western portion of Reach 2.
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The changes observed near Breach Inlet highlight the dynamic nature of barrier island shore-
lines adjacent to inlets. Often, beach condition is driven by short-term events associated with
inlet changes rather than long term erosional patterns. As evidenced by recent changes,
decades worth of accretion can be lost rapidly due to inlet effects. Similarly, a shoal-bypass
event may restore a beach which has suffered long-term erosion (eg — Fripp Island, CSE 2013).
While local beach changes due to inlet effects are difficult to predict several years in advance,
regular monitoring provides the best method to plan for potential issues and project near-future
changes. At Breach Inlet, historical and recent data suggest that sufficient sediment will reach
the inlet, keep pace with losses to the channel, and allow natural recovery within the next few
years.
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FIGURE 3.36.

Profiles from stations 4+00 and 16+00
near Breach Inlet and station 30+00 near
2d Avenue.

Located about 500700 ft from the base-
line, a marginal flood channel reformed at
station 4+00 between 2012 and 2013.
Profiles show it migrated landward from
July to October 2013.
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FIGURE 3.37. November 2013 aerial images of Breach Inlet area. [UPPER] View of the Breach Inlet delta, which extended
southwest (toward Sullivan’s Island) from 2012 to 2013, likely drawing sand off the IOP beach. The marginal flood channel (M)
migrated toward the beach and developed a terminal lobe (L) through the delta shoal. [LOWER] View of the western tip of Isle of
Palms showing areas which were stable or erosional between July and October 2013. While a small area showed minor dune
recession, all stations in this view gained sand from July to October 2013 (measured to -6 ft NAVD). [Photos by SB Traynum]
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FIGURE 3.38. Color DTMs of Breach Inlet and neighboring IOP shoreline in July 2012
(upper) and July 2013 (lower). Note western migration of the channel and main shoal,
landward migration of the marginal flood channel (M), and expansion of the terminal lobe
(L) of the marginal flood channel.
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FIGURE 3.39.
[UPPER LEFT] 4t Avenue (10 July 2012).

[UPPER RIGHT] 4t Avenue (30 October 2013) —
Note the erosion extends landward of the walkover.

[2nd LEFT] View west from beach access 2 (10 July
2012).

[3 LEFT] Beach access 2 (29 October 2012) —
Hurricane Sandy caused over 50 ft of dune erosion
and damaged walkovers in this area. [Photo by D
Kynoski]

[LOWER RIGHT] Beach access 2 (October 2013) -
Note recovery of the berm and healthy dunes.
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3.2 Shoal Management Project Conditions

As part of the monitoring effort for the City, CSE evaluated beach volumes in the borrow and fill
areas for the 2012 shoal management project. Details of the construction are given in the
project final report (CSE 2012) and will not be repeated here. Volumes reported in this section
only include sand that remains within the project boundaries (stations 276—298 for the borrow
area and stations 306—-320 for the fill area); the volumes do not consider sand that may have
spread into adjacent areas. Total unit volumes for the borrow and fill areas are plotted in Figure
3.37 (to -10 ft NAVD). The trend in the borrow area is increasing volume from 2008 to
September 2009 as sand from shoal-bypass events came ashore. Beach volume declined in
the borrow area from September 2009 to July 2012, but gained sand over the past year, likely a
result of sheltering in the lee of the offshore shoal. The borrow area is expected to gain sand at
a higher rate over the next year as shoal effects increase. Also note the much higher volumes
in the borrow area than the fill area.

FIGURE 3.40. Unit volumes for the 2012 shoal management project borrow area (*blue, stations 276-298) and fill
area (*red, stations 306-320). The fill area eroded rapidly after placement and had lost all of the project sand
following passage of Hurricane Sandy (October 2012). The erosion rate increased over the past year compared to
the 2009-2012 rate.

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
[2386YR2] 64 Isle of Palms, South Carolina



The fill area (red line) showed a unit volume of 132.4 cy/ft in March 2008. The 2008 nourish-
ment increased this volume to 307.2 cy/ft in July 2008. Erosion was rapid over the first year
after nourishment, and the volume decreased to 244.9 cy/ft by September 2009. Erosion con-
tinued at a slower rate through December 2011 when the unit volume reached 223.7 cy/ft. The
2012 shoal-management project increased the volume by ~30 cy/ft. Between April and July
2012, the fill area lost 16.8 cy/ft (56 percent of the in-place fill).

Erosion increased over the past year with the area within the fill limits losing ~61,308 cy (43.8
cy/ft), leaving it with an average of 60.1 cy/ft more sand than the 2008 pre-nourishment con-
dition. Much of the erosion over the past year appears to have occurred during Hurricane
Sandy (27 October 2012), although the area has continued to lose sand since then. Property
owners have placed approximate cubic-yard-sized sand bags along the dune escarpment to
protect the remaining berm until another shoal management project can be performed.

FIGURE 3.41. July 2013 photo of the temporary sandbag revetment placed by property owners along the critically
eroded portion of Wild Dunes.
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3.3 Dewees Inlet and Delta

CSE has monitored the morphology of Dewees Inlet since 2007. During the past six years, a
major channel avulsion event shifted the main channel east. Details of the morphological
changes occurring from 2007 to 2011 are given in earlier reports to the City (CSE 2010,
2011a,b). The present report focuses on current conditions of the ebb-tidal delta and the impact
it is having on the beach. Morphologic changes are highlighted in digital terrain models (DTMs)
(Fig 3.42). Section profiles from selected stations are shown in Figure 3.43.

The ongoing shoal-bypass event occurring at the east end of the island is now in Stage 2 of the
shoal-bypass cycle (cf — Fig 1.2). The main body of the shoal migrated landward and expanded
to the west over the past year (see arrows on Fig 3.42). There was also an overall increase in
elevation, as evidenced by the enlargement of the area above the -5 ft contour (noted by the
black line surrounding the orange-shaded area in Fig 3.42). Profiles show that the western arm
of the shoal (Fig 3.43, station 278+00) has become much more defined with a characteristic
“slip face” along the leading (landward) edge. The sand forming this portion of the shoal
appears to have come from the terminal lobe of the 2007 inlet delta (southwest side of the old
inlet channel, noted “W” on Fig 3.42), whereas the portion of the shoal off of Mariners
Walk/Shipwatch (station 292+00) was sand that was previously on the eastern side of the old
channel (“E” on Fig 3.42). The two shoals have merged to form one larger shoal which is
situated ~550—750 ft from the shoreline between stations ~270+00 and 296+00.

The leading edge of the shoal migrated between 500 ft and 750 ft closer to the beach from July
2012 to July 2013. Oblique aerial images from July and November 2013 show even further
landward migration as the leading edge appears to be ~400 ft from the beach near Mariners
Walk (Fig 3.44). The elevation of the crest of the shoal has increased along all profiles, which
leads to continual wave-breaking and more rapid migration. The main body of the shoal
offshore of Mariners Walk has a maximum elevation of (~)-1.5 ft NAVD, and is now above the
MLLW elevation at the site. The shoal is separated from the beach by an ~500-ft-wide area
which allows flushing of water between the ocean on the eastern and western sides of the
shoal. As the shoal moves closer to the shoreline, currents in this gap may increase as water
attempts to flow from one side of the shoal to the other (especially when waves are oblique to
the shoreline). This may lengthen the time it takes to attach as higher currents will sweep away
some sediment. A similar, but smaller-scale, flushing channel was present in March 2009 just
prior to attachment of a smaller shoal (cf — Fig 3.10).
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FIGURE 3.42. Color DTMs from the July 2012 (upper) and July 2013 (lower) surveys of
the Dewees Inlet ebb-tidal delta. The general directions of sand/channel movement are
shown by the arrows. [Labels are described in the text.]
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FIGURE 3.43.

Profiles from station 278+00 (Beach Club
Villas 1), station 284+00 (Beach Club Villas Il),
and station 292+00 (Shipwatch) showing the
position of the shoal migrating toward the
beach. The western area (station 278+00)
has migrated faster over the past year and
may be the first section of the shoal to attach.

Coastal Science & Engineering (CSE)
[2386YR2]

68

2013 Annual Monitoring Report
Isle of Palms, South Carolina




FIGURE 3.44. July 2013 (upper) and November 2013 (lower) aerial images of the ongoing shoal-bypass event at
the northeastern end of Isle of Palms. It is apparent that the main body and western area of the shoal have
migrated closer to the beach since July (date of survey data). [Note the November image was taken at a slightly
higher tidal stage, reducing the extent of the breakers and area of exposed sand.]

Coastal Science & Engineering (CSE) 2013 Annual Monitoring Report
[2386YR2] 69 Isle of Palms, South Carolina



Other changes visible between 2012 and 2013 include landward movement of the —10-ft contour
(black line separating the yellow and green hues in Fig 3.42) along the southern side of the
shoal. This indicates the old inlet channel lobe is collapsing and the sand is migrating landward.
The new channel continues to extend to the southwest and expand seaward as sand
accumulates on the new ebb-tidal delta. Note the buildup of the “channel margin bar” (CMB) on
the northeast side of the inlet (Fig 3.42). This feature provides increasing wave attenuation and
protection during northeast storms. The trailing ebb spit (labeled “T” in Fig 3.42) has also in-
creased in elevation and area over the past year. As this feature gets larger, it can reduce wave
energy impacting the beach near the golf course. It may also have the negative effect of creat-
ing a submerged headland, which, coupled with the shoal to the west, may cause wave diffract-
tion between Port O’Call and the golf course. This can create a sediment divergence in this
area and lead to erosion.

Using the DTM generated from survey data, CSE estimates that the bypassing shoal (defined to
include the area south and west of the main channel) contains ~1,600,000 cy of sand above the
-10-ft NAVD contour. This is the volume of sand that will eventually merge with the beach, the
majority of which is likely to attach as a distinct event beginning by fall/winter 2014-2015.

The changes listed above are continuations of changes observed over the past several years. It
is worthwhile to note that the formation and growth of the trailing ebb spit over the past two
years is a potential positive for future sediment supply at the eastern end of the island. The
buildup of sand (area “T” in Fig 3.42) can act as a groin and trap sand moving east along the
oceanfront. However, the initial buildup of this feature is associated with sand lost from the
beach. The bar is likely to expand and could eventually merge with the incoming shoal, trapping
a lagoon between the outer sand bar and the present shoreline. It is not yet certain if this will
occur or what the direct impact of the channel margin bar will be. CSE will continue to track the
feature in future monitoring events.

3.4 Project Area Volume Changes

The following section provides volume change results within the limits of the 2008 nourishment
project boundaries. It provides a measure of how much sand is left within the initial alongshore
fill limits. While these results are useful for measuring project performance, it should be noted
that sand gained or lost from these areas may be accounted for in adjacent areas as noted in
Section 3.1.
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Within the fill limits of the Dewees Inlet project area (nourishment Reach C, Fig 3.45), the beach
continued to gain sand. Overall, the project reach gained ~13,250 cy (13.3 cy/ft) since June
2012, leaving it with 116 percent of the nourishment volume remaining (Fig 3.46). As of
July 2013, Reach C contained ~83,800 cy more sand than the pre-nourishment condition.
Accretion between station 330+00 and station 338+00 (area of the 18" tee and fairway) is likely
due to losses in Reach 6. The volume change trends along the 18™ fairway of the Wild Dunes
Links Course, which wraps around the northeastern point of the island, provide an indicator of
net sand transport from the oceanfront to the inlet shoreline in this area, consistent with the
findings of Kana and Dinnel (1980).

The length of beach within the project boundary Reach B (between Shipwatch and the 18" fair-
way) presently retains 95.8 cy/ft more sand than the pre-nourishment condition (compared to
148.4 cy/ft immediately following nourishment). As of July 2013, 64.5 percent of the nour-
ishment volume remains in project Reach B. Overall project Reach B lost ~62,800 cy (14.6
cy/ft) of sand since July 2012.

Similar to the previous year, Project Reach A was the most erosional project reach, losing
~123,300 cy since July 2012. The project area presently retains an average of 16.8 cy/ft less
sand than the pre-nourishment condition compared to 64.6 cy/ft more sand immediately post-
nourishment. In March 2009, 90.8 percent of the nourishment volume remained in the project
area. This reduced to 72.0 percent in September 2009, 53.9 percent in September 2010, 36.7
percent in June 2011, 10.7 percent in July 2012. As a whole, the reach shows less sand
than the pre-nourishment condition; however, the western two-thirds of the reach still
retains more sand than the pre-nourishment condition. Extensive erosion of the eastern
end of the reach skews the overall totals. See details in Section 3.1.
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FIGURE 3.45. Reaches for the 2008 nourishment project. The graphic shows the project baseline with 0+00 located at 53
Avenue (monitoring station 222+00).
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FIGURE 3.46. [UPPER] Project area unit volumes relative to the pre-nourishment (March 2008) condition, which is
zero on these graphs. [Note that the project area limits differ from monitoring reach limits.] [LOWER] Percent of
nourishment volume remaining in each project area.
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4.0 DISCUSSION AND RECOMMENDATIONS

CSE has collected detailed morphological data at Isle of Palms over the past six years (2007—

2013).

impacted the shoreline and will continue to control beach volume changes at the northeastern
end for several years.
northerly position) has been occurring, which has released over one million cubic yards of sand
from the inlet delta. This sand is positioned just offshore and is moving slowly toward the
beach.

During that time, significant changes have occurred in Dewees Inlet which have

Substantial shoreline changes have also been occurring near Breach Inlet, especially

over the past year.

Significant findings of the present (July 2013) monitoring effort are:

The Dewees Inlet shoal which has been migrating to the southwest since the
channel avulsion event has fully merged with sand from the terminal lobe of the 2007
inlet channel, creating a large shoal-bypass event. In July 2013, the leading edge of
the shoal was 550-750 ft from the beach and spanned the shoreline from
Beachwood East to Shipwatch.

The leading edge of the incoming shoal migrated ~600 ft over the past year,
suggesting that it is likely to attach by fall/winter 2014—-2015. The western arm of the
shoal (offshore of Beachwood East) may be the first point to attach, although it is too
early to predict with certainty.

The shoal is now in Stage 2 of the shoal-bypass cycle and impacting the beach. The
beach directly behind the shoal is building seaward, while adjacent areas are
suffering the characteristic erosion associated with shoal-bypass events. Erosion is
likely to continue or worsen between Port O’Call and the golf course. The area be-
tween the Grand Pavilion and Beach Club Villas may experience smaller-scale ero-
sion, but should be better protected due to the western arm of the shoal extending
offshore of these areas.

Overall, Reaches 5—-7 showed lower erosion rates from 2012 to 2013 compared to
the previous year. The area from 53™ Avenue to Cedar Creek spit holds ~350,000
cy (23.5 cy/ft) more sand than the 2008 pre-nourishment condition. This is about 35
percent of the volume gained during the nourishment period and 41 percent of the

contract volume remaining five years after project completion.

Coastal Science & Engineering (CSE)
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* The central portion of the island continues to gain sand, totaling 176,000 cy over the
past year.

» Erosion has persisted near Breach Inlet since 2010 and became obvious during pas-
sage of Hurricane Sandy, which eroded over 50 ft of dunes in some locations. The
Breach Inlet reach lost ~58,000 cy from July 2012 to July 2013; however, it was
accretional from July to October 2013 (to -6 ft NAVD). Evidence of recovering
dunes was noted along most of the reach during an October 2013 assessment.
Based on historical trends, CSE anticipates that Reach 1 will recover naturally; how-
ever, the City has initiated quarterly monitoring to ensure that appropriate planning
decisions can be made should erosion continue.

Overall, the island gained 11,200 cy (0.3 cy/ft) of sand over the past year. This is the first
year with net accretion since 2009-2010.

The current availability of sand in the permitted borrow area for a shoal management project is
likely not sufficient to produce a project which will ensure protection of structures over the up-
coming summer season. Individual property owners have secured permits for, and installed
protective sandbags. Conducting a small-scale shoal management project would likely trigger a
permit condition requiring these properties to remove the emergency bags. If the placed sand
did not last through the summer, sandbags would likely have to be reinstalled to provide protec-
tion to the structures. A larger shoal management project should be possible in the 2014-2015
permitted window (1 November — 30 April) and allow restoration of a wider beach while the
bypassing bar moves ashore.

For planning purposes, CSE recommends the City anticipate conducting a project to move the
maximum amount of sand permitted (250,000 cy during one event) during the fall or winter of
2014-2015. A project of this scope, including soft costs for engineering, etc, is likely to cost
~$900,000+$150,000 and would require ~1 month to complete using similar methods to the
2012 project. This assumes that property owners will be allowed to keep sandbags in place
until a project can be completed. If OCRM requires sandbags be removed before the summer
turtle season, the City may need to complete a project by late winter/early spring 2014 using

whatever volume of sand is available in the borrow area.
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The results of this report provide the City with an updated condition of the beach and offer guid-
ance for beach maintenance activities. The City’s commitment to regular, detailed monitoring of
the beach is a model for other coastal communities looking to protect their most valuable
physical asset. Under the current agreement between the City and CSE, another island-wide
monitoring effort is planned for summer of 2014. Quarterly assessments of Breach Inlet are
also scheduled for January 2014 (including hydrographic work encompassing the delta) and
April 2014 (land-based only).
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APPENDIX A

Representative Profiles

July 2013
[Isle of Palms — Year 9]




APPENDIX B

Summary Letter

October 2013 — Breach Inlet Assessment
[Isle of Palms — Year 9]




Landward End Seaward End
Station Easting Northing Easting Northing
0+00 2365547.5 344462.2 2366281.5 3431541
4+00 2365896.3 344658.0 2366630.3 343349.8
8+00 2366245.1 344853.7 2366979.2 343545.6
10+00 2366419.5 344951.6 2367153.6 343643.4
12+00 2366594.0 345049.4 2367328.0 3437413
16+00 2366942.8 345245.2 2367676.8 3439371
20+00 2367291.6 345440.9 2368025.7 344132.8
30+00 2368163.7 345930.3 2368897.8 344622.2
40+00 2369035.8 346419.6 2369769.8 3451115
50+00 2369907.9 346909.0 2370641.9 345600.9
60+00 2370780.0 347398.3 2371514.0 346090.2
70+00 2371652.1 347887.7 2372386.1 346579.6
80+00 23725241 3483771 2373258.2 347068.9
90+00 2373396.2 348866.4 2374130.3 347558.3
100+00 2374268.3 349355.8 2375002.3 348047.6
110+00 2375140.4 349845.1 2375874 .4 348537.0
120+00 2376012.5 350334.5 2376746.5 349026.4
130+00 2376884.6 350823.8 2377618.6 349515.7
140+00 2377756.6 351313.2 2378490.7 350005.1
150+00 23786741 351705.1 2379201.5 350300.9
160+00 2379610.2 352056.7 2380137.6 350652.5
170+00 2380546.4 352408.3 2381073.8 351004.1
180+00 2381482.5 352759.9 2382009.9 351355.7
190+00 2382418.6 353111.5 2382946.1 351707.3
200+00 2383354.8 353463.1 2383882.2 352058.9
202+00 2383542.9 353531.0 2384047.0 352118.3
204+00 2383731.3 353598.3 23842354 352185.5
206+00 2383919.6 353665.5 2384423.8 352252.7
208+00 2384108.0 353732.7 2384612.1 352319.9
210+00 2384296.4 353799.9 2384800.5 352387.2
212+00 2384484.7 353867.1 2384988.9 352454.4
214+00 23846731 353934.3 2385177.2 352521.6
216+00 2384861.5 354001.6 2385365.6 352588.8
218+00 2385049.8 354068.8 2385554.0 352656.0
220+00 2385238.2 354136.0 2385742.3 352723.2
222+00 2385426.6 354203.2 2390467.9 340075.8
224+00 2385613.7 354273.9 2386143.6 352870.6
226+00 2385800.8 354344.5 2386330.7 352941.3
228+00 2385987.9 354415.2 2386517.8 353011.9
230+00 2386175.0 354485.9 2391474.7 340453.3
232+00 2386362.1 354556.5 2386892.1 353153.3
234+00 2386549.2 354627.2 2387079.2 353223.9
236+00 2386736.3 354697.9 2387266.3 353294.6
238+00 2386923.4 354768.5 2392223.2 340736.0
240+00 2387110.5 354839.2 2387640.5 353435.9
242+00 2387297.6 354909.9 2387827.6 353506.6
244+00 2387484.7 354980.5 2388014.7 353577.3
246+00 2387671.8 355051.2 2392971.6 341018.6
248+00 2387858.9 355121.8 2388918.8 3523156.3
250+00 2388046.0 355192.5 2389105.9 352386.0
252+00 23882331 355263.2 2389293.0 352456.7
254+00 2388420.2 355333.8 2393720.0 341301.3
256+00 2388607.3 355404.5 2389667.2 352598.0
258+00 2388794 .4 355475.2 2389854.3 352668.6
260+00 2388981.5 355545.8 2390041.4 352739.3
262+00 2389168.6 355616.5 2394468.3 341583.9
264+00 2389355.7 355687.2 2390415.6 352880.6
266+00 2389542.8 355757.8 2390602.7 352951.3
268+00 2389729.9 355828.5 2390789.8 353022.0
270+00 2389917.0 355899.1 2395216.8 341866.6
272+00 2390104.1 355969.8 2391164.0 353163.3
274+00 2390291.2 356040.5 23913511 353234.0
276+00 2390478.3 356111.1 2391538.2 353304.6




Landward End Seaward End
Station Easting Northing Easting Northing
278+00 2390665.4 356181.8 2397788.1 350908.3
280+00 2390849.5 356256.6 2398681.3 350038.6
282+00 2390973.9 356413.2 2395672.9 352682.4
284+00 2391098.2 356569.8 2395797.3 352839.1
286+00 2391222.6 356726.5 2395921.7 352995.7
288+00 2391346.9 356883.1 2399178.7 350665.2
290+00 2391471.3 357039.7 2396170.4 353309.0
292+00 2391595.6 357196.4 2396294.8 353465.6
294+00 2391720.0 357353.0 2396419.1 353622.3
296+00 2391844 .4 357509.6 2399676.2 351291.7
298+00 2391968.7 357666.3 2396667.8 353935.5
300+00 2392093.1 357822.9 2396792.2 354092.2
302+00 2392217 .4 357979.6 2396916.5 354248.8
304+00 2392341.8 358136.2 2400173.6 351918.3
306+00 2392466.2 358292.8 2397165.3 354562.1
308+00 2392590.5 358449.5 2397289.6 354718.7
310+00 2392714.9 358606.1 2397414.0 354875.3
312+00 2392839.2 358762.7 2400671.0 352544.8
314+00 2392963.6 358919.4 2397662.7 355188.6
316+00 2393088.0 359076.0 2397787.0 355345.3
318+00 2393212.3 359232.6 2397911.4 355501.9
320+00 2393336.7 359389.3 2401168.5 353171.4
322+00 2393461.0 359545.9 2398160.1 355815.2
324+00 2393585.4 359702.6 2398284.5 355971.8
326+00 2393709.7 359859.2 2398408.8 356128.4
328+00 2393834.1 360015.8 2401665.9 353797.9
330+00 2393685.8 360149.9 2397038.2 363859.6
332+00 2393537.4 360284.0 2396889.8 363993.7
334+00 2393389.1 360418.1 2396741.4 364127.8
336+00 2393240.7 360552.2 2396593.0 364261.9
338+00 2393092.3 360686.3 2396444.6 364396.0
340+00 2392943.9 360820.4 2396296.2 364530.1
342+00 2392795.5 360954.5 2396147.8 364664.2
344+00 23926471 361088.6 2395999.4 364798.3
346+00 2392498.7 361222.7 2395851.1 364932.4
348+00 2392350.3 361356.8 2395702.7 365066.5
350+00 2392201.9 361490.9 2395554.3 365200.6
352+00 2392053.6 361625.0 23947354 364592.7
354+00 2391905.2 361759.0 2393916.6 363984.9
356+00 2391756.8 361893.1 2393097.7 363377.0
358+00 2391608.4 362027.2 2392949.3 363511.1
360+00 2391460.0 362161.3 2392800.9 363645.2
362+00 2391311.6 362295.4 2392652.5 363779.3
364+00 2391163.2 362429.5 2392370.1 363765.0
366+00 2391014.8 362563.6 2392221.7 363899.1
368+00 2390866.5 362697.7 2392073.3 364033.2
370+00 2390718.1 362831.8 2391857.9 364093.1
372+00 2390569.7 362965.9 2391709.5 364227.2
374+00 2390421.3 363100.0 2391561.1 364361.3
376+00 2390272.9 363234.1 2391412.7 364495.4
OCRM 3100 2365850.6 345201.8 2364887.9 343448.9
OCRM 3105 2366847.1 345256.9 2367633.0 341011.0
OCRM 3110 2367587.5 345473.7 2370243.0 341634.0
OCRM 3115 2369349.5 346659.9 2372053.0 342492.0
OCRM 3125 2372935.3 3490411 2374828.0 345465.0
OCRM 3135 2376236.7 350972.0 2378128.0 347358.0
OCRM 3140 2378011.6 351456.3 2379923.0 347737.0
OCRM 3145 2379730.5 352585.1 2381165.0 348769.0
OCRM 3150 2381498.1 353164.0 2382747.0 349145.0
OCRM 3155 2383395.5 353478.4 2383923.4 352047.8
OCRM 3157 2384453.6 353787.8 2384929.5 352426.6
OCRM 3159 2385426.6 354203.2 2385923.1 352799.2
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Station: 4+00 (Breach Inlet)
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Station: 8+00 (Near Breach Inlet)
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Station: 270+00 (48+00)

15—

10

()]

o

1
o

Elevation (ft NAVD)

AOf

300 400 500 600 700 800 900 1000 1100 1200
Distance from Baseline (ft)

Mar 2008 |
Jul 2008
— Sep 2009 |
—— Sep 2010 ||
Jun 2011 ]
Jul 2012
Jul 2013

Elevation (ft NAVD)

_30 P I PR ST SR SN N ST SN SR SN N S SN SUN SU S S S T S R SUN S SU SU S SU S S S S S S T S N
500 1000 1500 2000 2500 3000 3500 4000

Distance from Baseline (ft)



Station: 272+00 (50+00)

15—

10F

o (&)
1 1

Elevation (ft NAVD)

AOf

_1 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
300 400 500 600 700 800 900 1000 1100 1200
Distance from Baseline (ft)

Station: 272+00 (50+00)

15' L v 1 T I N i I L T o | I W | I
o ; I § § | Mar 2008 |
10_" ............. ............ i ............. ............. .......... Ju|2008 |
[ t : E : : : —— Sep 2009 |1
E —— Sep 2010 ||
¥ Jun 2011 |

¥ Jul 2012

. Jul 2013

Elevation (ft NAVD)

_30. il I PR S S SN N ST SR ST SN N AT SR ST SUN TR N SN T S T S S S SU S R S SU S S S T S T S R
500 1000 1500 2000 2500 3000 3500 4000

Distance from Baseline (ft)



Station: 274+00 (52+00)
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Station: 276+00 (54+00)

L R R A R R D
10F i
S st
<
=
= 0r
S
g
@ -5r
LLl
10 I S e S
200 300 400 500 600 700 800 900 1000 1100
Distance from Baseline (ft)
Station: 276+00 (54+00)
15'\"l""l""l'T"l""l""l""l""l
o ' ' ' ' ' Mar 2008 |
‘ Jul 2008 1
— Sep 2009 |
—Sep 2010 ]
Jun 2011 ||
Jul 2012 ]
Jul 2013

Elevation (ft NAVD)

_30 PR ST S T SR SN S U AT RN SR ST S WU SN S SUN S S S S S S R S SU S SU W T S SU S S S S ST |
500 1000 1500 2000 2500 3000 3500 4000

Distance from Baseline (ft)



Station: 278+00 (56+00) BEACHCLUB VILLAS - BRC3
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Station: 280+00 (58+00) BEACH CLUB VILLAS - SCCC 3173
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Station: 282+00 (60+00)
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Station: 284+00 (Beach Club Villas II)
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Station: 296+00 (Shipwatch)
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Station: 298+00 (76+00) Summer House - BRC5, SCCC 3178
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Station: 302+00 (80+00)
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Station: 310+00 (88+00)
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Station: 314+00 (Ocean Club)
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Station: 316 18TH GREEN - SCCC 3183 (94+00)
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Station: 332+00 (110+00)
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Station: 334+00 (112+00) 17TH HOLE - BRC9
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CSe
——— COASTAL SCIENCE & ENGINEERING
PO BOX 8056 COLUMBIA SC 29202 e TEL 803-799-8949 » FAX 803-799-9481  EMAIL cse@coastalscience.com

November 20, 2013

Ms Linda Tucker

City of Isle of Palms
PO Drawer 508

Isle of Palms SC 29451

RE: Breach Inlet Quarterly Survey — October 2013 (Amendment 2 — Task 8) [CSE 2386]

Dear Ms. Tucker:

Per Amendment #2 to the agreement between the City of Isle of Palms and Coastal Science & Engineering
(CSE), CSE completed an assessment of the shoreline around Breach Inlet on 30 October 2013. The
assessment was conducted in response to severe erosion occurring over the past two years along the south-
western end of the Isle of Palms (monitoring stations 0+00-80+00 encompassing monitoring Reach 1 and
Reach 2) (Fig 1). The purpose of the assessment is to provide quarterly updates on the magnitude of
erosion and potential threats to private property so that the City may inform property owners and plan
remedial action if necessary.

FIGURE 1. Monitoring baseline in Reach 1 (upper) and Reach 2 (lower). The highlighted areas show the reach limits.
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The scope of the October survey was limited to land-based survey work extending from landward of the
frontal dune to (~)-5 feet (ft) NAVD (low-tide wading depth). The data allow for an analysis of dune
recession or recovery and volume changes above low-tide wading depth. Information regarding the posi-
tion and extent of channels and shoals within Breach Inlet is beyond the scope of a land-based survey.

A comprehensive survey of Breach Inlet is scheduled for January/February 2014.

Beach profiles are provided in Attachment 1 and volume changes are shown in Table 1. Profile data from
October show the area was generally stable to accretional between July and October. Only station 50+00
near 7th Avenue showed signs of dune recession. Stations 4+00, 50+00, and 80+00 lost sand [4.4, 17.3,
and 5.9 cubic yards per foot (cy/ft), respectively]. Losses at station 4+00 occurred in the upper beach face
(near the high-tide line) but were mostly offset by gains in the mid to low beach face (wet beach/runnels).
Station 80+00 lost some sand near the upper beach face, but did not show any sign of dune erosion.
Station 50+00 was the outlier with a steep scarp ~4-5 ft high, which appeared to be actively eroding. An
erosional arc was visible centered at station 50+00. A similar arc was present in July further to the south-
west. The arc appears to be migrating in response to a combination of inlet effects and southerly transport
associated with fall northeasters. Ground photos are provided at the end of this letter.

Overall, the area monitored gained 29,370 cy of sand from July to October (Table 1). Reach 1 (stations
0+00 to OCRM 3115) gained 21,809 cy while Reach 2 (stations OCRM 3115 to 80+00) gained 7,561 cy.
The significant gains in Reach 1 are obviously favorable and are in line with the historical accretional
trend of the area. On an annual basis, the gains in Reach 1 equal an annual accretion rate of 86,526
cy/ft/yr, which would restore nearly half the sand lost from July 2011 to July 2013 (total loss of ~175,000
cy to —6 ft NAVD).

CSE produced a contour map (Fig 2) from recent surveys to aid in visualizing dune recession. The +7 ft
NAVD contour was extracted from digital terrain models (DTMs) extracted from survey data. This con-
tour represents an elevation above the normal influence of tides, but still along the lower face of the fore-
dune. (See profiles for a typical vertical location of the +7 ft contour.) Where a dune has a significant
scarp, the +7 contour will likely mark the location of the scarp. The map shows that from 2011 to 2012,
there was little change in the position of the contour, though recession was evident near station 4+00.
While little horizontal change occurred over this time period, there were significant volume losses in the
wet beach and underwater profile, as Reach 1 lost ~100,000 cy of sand. Essentially, the foundation of the
beach was being eroded while the upper beach remained stable. From 2012 to 2013, the effects of profile
undermining became visible in the upper beach as the dune receded significantly between stations 4+00
and ~OCRM 3110 (3" Avenue). Much of the recession occurred shortly after the July 2012 survey during
passage of Hurricane Sandy. From July to October 2013, the position of the contour was stable.

The results of the October quarterly survey show partial recovery of the Breach Inlet area. Hopefully,
recovery will continue, following historical accretional trends. CSE expects the area will continue to
rebuild naturally over the next year, although winter storms may interrupt recovery.
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Legend
June 2011 +7 ft NAVD
July 2012 +7 ft NAVD
July 2013 +7 ft NAVD
Oct 2013 +7 ft NAVD

FIGURE 2. Contour map showing the location of the +7-ft NAVD contour, which is approximately the toe of the dune of the
escarpment line.

Under the present agreement, CSE will complete a comprehensive assessment of the beach and inshore
zone near Breach Inlet in January or February of 2014. The comprehensive assessment will allow for an
updated condition of the channels and shoals of the inlet which are impacting the beach.

Sincerely,

Coastal Science & €ngineering (C5€)

e

Steven Traynum
Coastal Scientist

Enclosure: Attachment 1 — October 2013 Profiles



November 20, 2013
[2386] Page 4 of 9

Isle of Palms Breach Inlet Quarterly Survey — October 2013

Ms Linda Tucker, City of Isle of Palms
(Amendment 2 — Task 8)

RE:

C5€

6/8'8EY STE'TEY 06982 Z8E'6LY 66'vTY 7 Yoeay
Zr8'S6h EE0'VLY 855815 90589 29’119 T Yyoeay

1Z5'9TT L68'TL- 194'26- le3oL 0 0 0 0 0 00+08
96667 8797 LE9- 7 Yoeay 150°22T £20'VZT TTT'6IT ST89TT SOT'LTT 00+0L
97598 STS'vL- vZ1'T6- T Yoeay 8v0'SZT Z0S'61T 09v9T1T 6€9°9TT 8IP'STT 00+09
ETPO-ETINS ETIN-ZT INM ZTInf-TT unf 559°STT £90°9TT TELLTT S98°61T L06°9TT 00+0S

P —— mﬁﬂﬁ mﬁuﬂ Emum.\. vma”m.,. mmm“ﬂ. STLE

69801 PrE'6E ESL'TY 0LY'vh 049tV 00+0%

0vS06 759'L8 576'96 £S0°TTT ££0°00T 00+0€

L'E 0'6- 971~ s (/A2) |e30L 658'TL 779'69 98E'6L Z61'L6 85878 OTIE
1T L0 70 [ (4/A3) T yoeay £85'6T 115'L2 0EL'ZE 818'lY 0LT'LE 00+02
0's 0'L1- 87T v'8 (4/A3) T yoeay 56561 8/8'9p 6ST'ES 79L'0L 101's9 00+91
180°LS 0€6'YS 66£'T9 SP'LL SL8'9L 00+Z1

0LE'6Z L68'TL- 6€9'001- L'y (A2) |eroL 925'LS 8695 ¥8Y'v9 vET'9L 09908 00+8

195'L 8797 769- 06€"y (A2) 7 yoeay TE8'YS £59'vS £95'79 90v'TL 105'9L 00+

608'1Z STS'vL- 816'66- 188'9€ (A2) T Yyoeay 856Th 06b'9€ ¥50'SS 611'8S STL'9Y 00+0

£1-10 ET-Inr [AN TT-unf £1-120 ET-Inr ZT-inr TT-unf 60-das

SNoIABI 32uIS a8uey) (A2) uoness xaN 03 aWnN|OA |ejoL uonels

S'1- 8T L'y €1 6'811 0zl SLIT 8'Z11 9111 00+08
S 8'9 10 6'T- T'SET L'z 6021 801 L2zl 00+0L
53 L0 v'0- £ 6'vIT E€TIT 0211 STIT T80T 00+09
v'y- 9'Z- 8'E- 9'T 'oTT 8'0Z1 v'ETT (%43 9'sZ1 00+0S

T 0'6- €1 00 8911 vYIT Y'ETT [443 |44 STIE
[ 5'8- 10T~ v 8'76 v'L8 6'56 0901 8101 00+0t
0 10T~ 781~ 8.1 £'88 6'L8 0'86 7911 £'86 00+0€

S'8 L'9T- 9'0€- 6'ST P'IIT 8701 S'61T 10ST TYET OTTE
8'9 0'7z- L'9€- 58T 80T 6'00T 6721 9'6ST [ 00+0Z
89 66 805" 86 ToptT PEET VEPT 61 €781 00+91

EX3 €72 '0p- 1L 9'ZsT 0°0ST €U LT 9'507 SOTE
(X3 v'ze- S'6Z- 6'9- TSP [ATa 9'€91 T'E61 0002 00+Z1

11- £'ST- £'62- [ vl SEPT 8'8S1 1881 £'€0Z 00+8

0z €2 6'v1- £01- L'TET L'621 0'%ST 6'891 T6LT 00+

¥'0€E 5'89- v'0- €79 T'€8 LTS Tzl L'121 £'vS 00+0

8'07 9'v9- P'TET 0'€E6- €711 S'16 1951 L'ET L9911 00TE

£1-120 €T-Inr zr-inf TT-unf £1-120 €T-Inr ZT-Inr TT-ung 60-das

(14/A2) snoinaug aouis aBueyd awnjop un (1/A2) sawnjop yun uonels

"00+08 PUB GTTE INYDO SUONEIS UBamiaq yoeaq ay sassedwodus Z yoeay 'STTE INHYDO Ybnoiyl 0o+0 suonels sassedwioous T yoeay (T uswyoeny)
s101d 3]1J0ad ay1 Ul UMOYS S3LIEPUNOG 3Y) UIYIM AN 1 9— 0] Pa1RINO[ed 8JaM SAWINJOA “13[U| Ydealg Je SASAINS 1Ua2al J0J SUOIRINI[Rd SWN[OA T 319V.L




RE: Isle of Palms Breach Inlet Quarterly Survey — October 2013 [2386] Page 5 of 9

@S Ms Linda Tucker, City of Isle of Palms November 20, 2013
————— (Amendment 2 — Task 8)

Looking west from Station 50+00 (near 7™ Ave). This was the only area showing an active escarpment
in October 2013. There was a small erosional arc centered at this station.



@Se Ms Linda Tucker, City of Isle of Palms November 20, 2013
S nd W RE: Isle of Palms Breach Inlet Quarterly Survey — October 2013 [2386] Page 6 of 9
————— (Amendment 2 — Task 8)

Looking east from station 30+00. Wind-blown sand has accumulated at the base of a recent escarp-
ment, suggesting stability and dune recovery at this location.



@Se Ms Linda Tucker, City of Isle of Palms November 20, 2013
S nd W RE: Isle of Palms Breach Inlet Quarterly Survey — October 2013 [2386] Page 7 of 9
————— (Amendment 2 — Task 8)

Dune at station 20+00. An old scarp has recovered, although a new, smaller scarp in the berm is evi-
dent.



@Se Ms Linda Tucker, City of Isle of Palms November 20, 2013
S nd W RE: Isle of Palms Breach Inlet Quarterly Survey — October 2013 [2386] Page 8 of 9
————— (Amendment 2 — Task 8)

A large ridge and runnel (shown here at station 20+00) is usually evidence of an accretional pattern,
which was also reflected in positive volume changes between July and October 2013.



RE: Isle of Palms Breach Inlet Quarterly Survey — October 2013 [2386] Page 9 of 9

@S Ms Linda Tucker, City of Isle of Palms November 20, 2013
—————— (Amendment 2 — Task 8)

Landward view at station 12+00 showing low dunes lacking sufficient elevation to offer significant
storm protection. This area had eroded heavily from July 2012 to July 2013 but was accretional from
July 2013 to October 2013.

An endangered piping plover was spotted near the inlet.
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ATTACHMENT 1

Station: 4+00 (Breach Inlet)
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ATTACHMENT 1

Station: 8+00 (Near Breach Inlet)
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ATTACHMENT 1

Station: 12+00 (West of 2nd Ave)
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Station: 16+00
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ATTACHMENT 1

Station: 20+00
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Station: 30+00 (4th Ave)
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ATTACHMENT 1

Station: 50+00
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ATTACHMENT 1

Station: 60+00 (8th Ave)
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ATTACHMENT 1

Station: 70+00
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ATTACHMENT 1

Station: OCRM 3100b
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Station;: OCRM 3110a
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Station;: OCRM 3115a
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