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Presentations, meeting minutes, public comments, and project information were regularly
updated and maintained on a project website by DCM at www.nccoastalmanagement.net
under the Terminal Groin Study heading in the ‘What’s New’ section (see Figure 1-2).
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Figure I-2. Project Website
The legislation directs the CRC to conduct at least three public hearings. Five hearings

were scheduled during the study process at various locations generally corresponding
with a CRC meeting. The list of public hearings is given in Table I-2.
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Table I-2. Public Hearings

Public Hearing Location Date and Time In Conjunction with CRC
Meeting
Sheraton Atlantic Beach Oct. 29, 2009 - 5 p.m. Yes
Kill Devil Hills Town Hall Dec. 16, 2009 - 5 p.m. No
North Raleigh Hilton, Raleigh Jan. 13, 2010 - 4:30 p.m. Yes
New Hanover County Government Feb. 17,2010 - 5 p.m. Yes
Complex, Wilmington

Sea Trail, Sunset Beach March 25, 2010 — 5 p.m. Yes

In addition to the public hearings written comments could be submitted to the executive
secretary of the CRC by email to jim.gregson@ncdenr.gov, or sent via mail to Jim
Gregson, 400 Commerce Ave., Morehead City, N.C., 28557. The project website
maintains a listing of these comments.

The study (this report) is to be submitted to the CRC by March 1, and the CRC is to
report its findings and recommendations to the Environmental Review Commission and
the General Assembly by April 1, 2010.

C. Selection of Study Sites

The initial list of potential study sites was developed by the study team with input from
various individuals and concentrated on the Southeast due to environmental and other
similarities. Northeastern sites were included only to be considered if necessary. Some
25 sites (Figure I-3) with terminal structures were part of the initial list along the Atlantic
and Gulf coasts from New York to Florida. The objective was to select from this list a
number of sites suitable for further analysis as part of the study. These selected sites
would provide the basis for assessing the physical and environmental impacts of terminal
groins in the study.

In consultation with the Science Panel, five sites were selected to be included in the
study. These sites were selected based on three main criteria. First, whether the structure
at the site fit the definition of a terminal groin; second, whether the site had similarity to
potential North Carolina scenarios; and third, whether there was a reasonable expectation
that a suitable quality and quantity of data was available for the location.  For the
purposes of this study, a terminal groin was defined as a structure built with the primary
purpose to retain sand and not for navigation (jetty). Therefore, a terminal groin would
be defined as a narrow, roughly shore- normal structure that generally extends only a
short distance offshore.

Additionally, the sites were chosen to reflect a variety of structure and inlet size and
characteristics. Most sites contain a single terminal groin, that is, a terminal groin not
part of a groin field located adjacent to a tidal inlet. The general consensus and direction
given by the Science Panel was to study only terminal groins adjacent to inlets. The
House Bill had defined the study to include “the feasibility and advisability of the use of
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a terminal groin as an erosion control device at the end of a littoral cell or the side of an
inlet” and defined a littoral cell is as “any section of coastline that has its own sediment
sources and is isolated from adjacent coastal reaches in terms of sediment movement.”
The decision as to where a littoral cell begins or ends along a barrier island is extremely
difficult to pinpoint and can shift. An inlet provides a clearly defined location and is
generally the location of a terminal groin.

Coney Island""
4 Rockaway

;‘Ocean City Inlet

WilloughbySpit
" *Ghesapeake Beach

% Oregon Inlet
ABuxton
(Cape Hatteras Ligthouse)
=%Fort Macon

# Shell Island (removed)

* Folly Beach

s Hunting Island (not built)
. gHilton Head
Tybee Island (soutks Tybee Island (north)

*Amella Island

Honeymoon Island ’CI ter P
John's Pass¥ garwa SLRass
Bl|nd Pass

\ "% St. Lucie Inlet N
? * Jupi
Boca Grande Lighthouset ; SURtetples
Captiva Island*&x
Bonita Beach®
* Baker's Haulover Inlet 0 50 100 200 Miles
I T

Figure I-3. Potential Study Sites

March 2010 1-6



NC TERMINAL GROIN STUDY
FINAL REPORT

AA

NCDENR

The five sites selected for the study and discussed in detail in this report are the terminal
groins at Oregon Inlet and Fort Macon (Beaufort Inlet) in North Carolina, and Amelia
Island, Captiva Island and John’s Pass in Florida. Figure I-4 illustrates the location of the

selected study sites.
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Figure I-4. Selected Study Sites

March 2010 1-7



NC TERMINAL GROIN STUDY
FINAL REPORT

AA
NCDENR

D. Limitations of Study

As with any study of this nature that has schedule and budgetary constraints, there are
limitations with respect to the quantity and quality of available data and analysis
procedures that should be understood. No new data collection efforts were undertaken
for this study. Rather, available data (shoreline changes, nourishment and dredging
activities, natural resources, etc.) were collected from as many sources as possible.
Additionally, most of the data was originally collected for purposes other than
determining the potential impact of a terminal groin.

The analysis procedures undertaken recognize the uncertainties associated with the
underlying data, but detailed statistical analyses of the uncertainties were not performed.
However, conclusions can still be drawn from the data and analyses as long as
uncertainties are recognized. One cannot simply state in all cases that no conclusions can
be made just because of underlying uncertainty (although in some cases this may be
appropriate); as uncertainty will always exist in the analysis of coastal processes.
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.  Physical Assessment

This section addresses the geological framework, physical processes, and human-induced
changes that influence erosional-depositional sedimentation patterns at tidal inlets and
along their adjacent shorelines. These processes are evaluated, both qualitatively and
quantitatively, with respect to the impact of the terminal groin located at each of five
selected study sites.

A. Function of a Terminal Groin

Terminal groins are structures built at the end of littoral cells to reduce shoreline erosion
and conserve sand along the end of beach or barrier, usually consisting in part of
nourishment sand. They extend into the nearshore zone and act as a dam to the longshore
transport of sediment and are usually constructed at the downdrift end of a barrier on the
updrift side of a tidal inlet. However, due to wave refraction around the ebb tidal delta,
which causes sand to enter the channel from both sides of the inlet, terminal groins have
been built on both sides of an inlet. Jetties are built to prevent sand in the littoral zone
from entering the inlet channel and to help maintain navigation depths of dredged
channels. Although terminal groins trap sand, they are dissimilar to a jetty, because once
the terminal groin fills with sediment (beach accretes to the end of the groin and is called
a fillet), additional sand bypasses the structure and enters the nearshore and/or the tidal
inlet (Figure II-1). The proper design of a terminal groin permits the longshore transport
of sand around and over the structure once the beach has accreted to the end of the groin.
Commonly, terminal groin construction is done in combination with beach nourishment
so that the groin does not capture existing sand reservoirs. During high wave energy
events, the beach along the fillet often erodes and the sand is mobilized. Once
depositional wave conditions return and the normal longshore transport system is
reestablished, the fillet is reconstructed.

Although most terminal groins are designed primarily to help stabilize a length of
oceanfront shoreline, a sometimes overlooked consequence when the structure is built on
the downdrift side of the inlet, is the stabilization of the inlet by preventing migration of
the inlet channel. The groin inhibits erosion of the side of the channel by tidal currents
and thus the inlet is not allowed to migrate.
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Figure ll-1. Terminal Groin at Saint Pete Beach, Florida
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B. Geological Framework and Physical Processes

Numerous processes affect terminal groins because of their location at the ends of
barriers next to tidal inlets. These factors are listed in Table II-1 and discussed in the text
below. Some of the processes have day-to-day effects on terminal groins, such as wave
energy and tidal currents, whereas others exert a seasonal or yearly influence (major
storms, dredging activity), and still others that have a very long-term impact (sea-level
rise).

Table II-1. Factors Affecting Terminal Groins

e Wave Energy Distribution and Wave Approach Along the Coast
e Rates and Directions of Longshore Sediment Transport
e Tide Ranges of the Ocean and Bay
¢ Wind Regime and Effects of Vegetation
e Effects of Major Storms
o frequency and track
o storm surge elevations
O wave energy
o erosion and depositional trends, including washovers
e Historical Morphological Changes of the Shoreline and Inlet System
¢ Bathymetric Changes of the Inlet and Nearshore
e Sand Circulation Patterns at Tidal Inlet
e Processes of Inlet Sediment Bypassing
e Geological Framework Controls on
o inlet stability
o nearshore sediment supplies
e Dredging History Including Disposal Sites
e Sea Level Trends

1. Wave Energy and Longshore Sediment Transport

The volume of sand delivered to the fillet region is dependent on sand availability and
wave energy, which in turn is a function of deepwater wave energy, direction of wave
approach, and wave shoaling characteristics as the wave propagates toward the beach.
The wave regime dictates the dominant longshore transport direction, but transport
reversals commonly accompany storms or changes in the configuration of the ebb-tidal
delta.

2. Tides and Tidal Currents

Marginal flood channels associated with ebb deltas and tidal inlets also influence the
transport of sand in the vicinity of terminal groins (Figure II-2). These channels are often
located just offshore of the beach and thus, flood and ebb currents in these channels can
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enhance or retard wave-induced sand transport rates along the adjacent beach,
respectively. The strength of tidal currents at the inlet is a function of tidal range, which
is largest during spring tides and smallest during neap tides. Large tidal ranges produce
steep water surface slopes, strong tidal currents, and greatest potential sediment transport.
During neap tides the converse is true.

Tidal and wave-generated currents control the circulation of sand at tidal inlets and
processes that allow sand to bypass the inlet from the updrift barrier to the downdrift
barrier. It is important to note that regardless of the net longshore transport direction
along the coast and the dominant pathways of inlet sediment bypassing, sand commonly
moves onshore from the ebb delta to the beach in the form of landward migrating bar
complexes. Depending on the size of the inlet, these bars can add 10,000 to more than
100,000 cubic yards of sand to the beach. Sand also moves onshore independent of bars.
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Image from Schrader, R.J., et. al. 2000.
Figure 1I-2. Inlet Geologic Features

3. Effects of Storms at Inlets

Ebb-tidal currents move sand that is delivered to the inlet via longshore sediment
transport seaward to the ebb delta, whereas the flooding currents transport sand into
backbarrier channels and to flood-tidal deltas (see Figure II-2). This process is enhanced
during storms when meteorological tides steepen the water surface slope and strengthen
tidal currents flowing into the backbarrier. During these periods, storm waves also
increase longshore transport rates and the delivery of sand to the inlet. This increased
sand supply coupled with the strong flood currents enhances sand movement into the
backbarrier, as evidenced by the enlargement of flood tidal deltas and shoaling of tidal
waterways during storms. Movement of sediment into the backbarrier represents a long-
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term sequestration of sand from the littoral zone, which will not become part of the active
inlet and nearshore system until the shoreline transgresses to this backbarrier site.

4. Storm Effects on Barriers

The North Carolina coast is impacted by hurricanes and tropical storms on almost a
yearly basis, although their occurrence is cyclic having decadal frequencies. Extra-
tropical northeast storms occur much more frequently, but generally have weaker winds
that produce smaller storm surges and lower wave heights than hurricanes. The Florida
coast is influenced primarily by hurricanes and tropical storms. The major impact of
storms is beach erosion, dune scarping, barrier overwashing, and sand transport into the
backbarrier. Occasionally, major storms can breach a barrier forming a permanent or
ephemeral tidal inlet. Salt spray driven onshore during intense storms can stunt or kill
vegetation. Under certain circumstances, washovers can deposit sand in the supratidal
and interior portions of the barrier increasing the elevation of the barrier. Likewise,
overwash fans deposited along the lagoon side of the barrier enlarge the footprint of the
barrier and aid in its landward migration.

5. Interpretation of Historical Data Bases

The effects of major storms as well as long-term morphological changes of the shoreline
in the vicinity of the terminal groin area can be interpreted using sequential vertical aerial
photographs, maps, coastal charts, topographic and bathymetric surveys, and other
historical data sets. These resources allow an assessment of how the shoreline adjacent to
the terminal groin responds to different forcings, such as the orientation of the main ebb
channel and configuration of the ebb-tidal delta. For example, it can be ascertained if the
preferential overlap of the ebb delta along the terminal groin shoreline protect this region
and lessen storm erosion as well as deliver sand to this beach in the form of landward
migrating bar complexes. Alternatively, does this same shoreline erode when the ebb
delta shifts and overlaps the opposite shoreline? These trends are important because the
effects of the terminal groin may be masked by larger-scale sedimentation patterns
dictated by the tidal inlet.

6. Geological Framework

The geological framework of the region can impart a strong signature on the physical
processes affecting erosional-depositional patterns along terminal groin shorelines. The
ability of a tidal inlet to migrate downdrift in the dominant longshore transport direction
depends on the ability of the ebb and flood tidal currents to erode the downdrift bank of
the inlet from the beach to the base of the channel. Some inlets are stabilized with
engineering structures, such as jetties and terminal groins, while others are naturally
stable due to the stratigraphy of the channel bank. If the inlet throat (narrowest and
deepest section of the inlet normally occurring where the barriers constrict the channel)
erodes into bedrock or resistant sediments, such as consolidated clay, limestone,
cemented sandstone, or other indurated sedimentary lithologies, migration of the channel
may be prevented or severely impeded. Moreover, it has been shown by numerous
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scientists working along the North Carolina coast that the shelf stratigraphy is tied closely
to the present sand reservoirs along the coast and inner shelf regions (Riggs et al, 1995).
Also important are the paleo-drainage patterns of rivers that debouched sediment onto the
continental shelf during lower stands of sea level. It is the reworking of these deposits
and contribution of erodible sand from the Tertiary sedimentary bedrock that provided
the sand resources responsible for building the North Carolina barrier island chains. It
should also be noted that shoreline erosion rates often closely correlate with the
stratigraphy of the shoreface and units underlying the barrier sediments. Barriers
overlying sandy units (i.e., inlets fills, fluvial deposits) are less resistant to erosion when
compared to barriers overlying compact estuarine and lagoonal mud (Riggs et al, 1995).

7. Dredging and Sediment Disposal

Major sand accumulations are found at tidal inlets and in backbarrier regions in the form
of flood and ebb-tidal deltas, tidal channel deposits, and point bars. Frequently, these
sand reservoirs are excavated during the dredging of channels to improve navigation. One
of the side benefits of these projects is a source of sand to nourish eroding beaches.
However, dredging projects can also alter the hydrodynamics of tidal inlets and
backbarrier channels, changing the relative strength of flood versus ebb-tidal current,
leading to the redistribution of sand deposits and morphological changes. Because natural
channels are usually in equilibrium with the water they convey during the rise and fall of
the tides, dredging a wider and deeper channel disturbs this equilibrium. One common
consequence of dredging is the creation of a sediment sink whereby sand that is moving
through the system accumulates in the deepened channel, resulting in shoaling and the
need for maintenance dredging. This condition has important implications to the tidal
inlet, the longshore transport system, and sand reservoirs comprising this coastal region.
Unless the dredged sand is put back onto the beach, the removal of sand from the channel
represents a permanent and continual (in the case of maintenance dredging) loss of sand
from the coastal system.

Dredging a tidal inlet also has the potential of decreasing the frictional resistance in the
channel, leading to less attenuation of the tidal wave as it propagates into the backbarrier.
This enlargement of the channel dimensions can increase the tidal range in the
backbarrier producing a larger bay tidal prism (volume of water entering and exiting the
inlet during a half tidal cycle). The major impacts of the increasing tidal exchange are
stronger tidal currents and greater sand transport potential. As tidal prism increases the
ebb tidal delta will grow in volume at the expense of sand that normally bypasses the
inlet and nourishes the downdrift barrier. This situation is exacerbated when the main ebb
channel is continually over-dredged beyond its equilibrium dimensions. Under these
circumstances, the ebb delta never achieves an equilibrium volume leading to little sand
bypassing the inlet. The condition is further worsened, if the main ebb channel is dredged
through the terminal lobe (outer bar of the ebb delta). This incision of the outer delta into
two halves greatly diminishes the ability of tide and wave-generated currents to transfer
sand across this chasm and complete the transfer of sand around the inlet.
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A. Oregon Inlet Cross Sectional Changes

Figure 11-9. Bathymetric Changes at Oregon Inlet Showing A. Cross-sectional Changes from 1999
to 2001 and B. Erosional-depositional Changes Over the 2001 — 2003 Period (Vandever and Miller,
2003)
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Figure 1I-10. Historical Aerial Photographs of Oregon Inlet IIIustrting Different Ebb-tidal Delta
Morphologies.
The overlap of the ebb delta dictates accretionary patterns along the adjacent beaches

Figure llI-11. Photographs of Northern Pea Island and Terminal Groin Area.
Note immediately following construction of the groin in 1991 the lack of sand in the fillet region.
Two years later, it had mostly filled due to a nourishment project and from the natural northerly
longshore transport of sand caused by wave refraction around the ebb delta
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Figure 1I-12. 2001 Aerial Photograph of Oregon Inlet Showing Wave Refraction Around Ebb Delta
Producing Northerly Transport Along Pea Island Feed Sand to the Fillet Region.
Note the sand that has moved past the groin and constructed a beach along the inlet shore

5 —

The evolution of northern Pea Island prior to the construction of Bonner Bridge through 2006 is
shown in Figure II-13. Before emplacement of the terminal groin in 1991, northern Pea Island
was characterized by long-term retreat due to inlet migration; however, there were also short-
lived periods of northerly spit progradation. The bulge in the beach in the 2006 photograph is
evidence of the onshore movement of sand from the ebb delta, probably in the form of landward
migrating swash bars. At tidal inlets where the ebb delta has achieved an equilibrium volume of
sand as dictated by its tidal prism, sand entering the tidal inlet via the longshore transport system
bypasses the inlet and nourishes the downdrift beach and barrier system with sand. This supply
of sand is not constant and the volume and rate varies as function of the following:

1. Storm frequency and magnitude
Spit construction or erosion
Dredging activity
Changes in tidal prism and equilibrium ebb-tidal delta volume
Inlet migration

il

March 2010 II-19



o ST
AWA £ 'E NC TERMINAL GROIN STUDY
ZSVAD FINAL REPORT
NCDENR

i

iPeallsland

Figure 1I-13. Sequential Photographs of Oregon Inlet Depicting the Shoreline Changes Associated
with Spit Accretion at Bodie Island and Southerly Migration of Oregon Inlet (Cleary, 2009)

The sequential photographs (Figure II-14) illustrate that although the most shoreline variability
occurs in the vicinity of the terminal groin, there appears to be no long-term trends. When the
beach extends to the end of the groin, sand is transported around the structure and builds a beach
along the inlet shoreline. Loss of the beach near the groin is most likely a product of storm
erosion.

The pervasive erosion that characterized northern Pea Island reflected the long-term retreat of
this coast (Riggs et al, 2009) as well as the migrational history of Oregon Inlet. As the inlet
migrated to the south, the longshore transport of sand was sequestered in the recurved ridges of
southerly prograding Bodie Island spit. Additional sand was lost from the littoral system due to
the landward transport sediment through Oregon Inlet that led to the formation of flood-tidal
deltas, tidal creek point bars, and intertidal and subtidal shoals. The sand deposited in the updrift
spit and in the backbarrier was not entirely compensated by erosion of the downdrift inlet
shoreline and thus northern Pea Island experienced a sand deficit and it eroded.
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