SEDIMENT BYPASSING AT MIXED ENERGY TIDAL INLETS

Duncan M. FitzGerald

ABSTRACT

Inlet sediment bypassing, through the previously recognized
mechanisms of stable inlet processes and ebb-tidal delta breaching,
has been documented at six mixed energy (tide-dominated) coasts
around the world including the coasts of: central South Carolina,
Virginia, southern New Jersey, New England, the East Friesian
Islands, and the Copper River Delta in Alaska. Regardless of the
mechanism, the end product of the bypassing process is the formation
of a large bar complex that migrates onshore and attaches to the
dovndrift inlet shoreline. Thus sediment bypassing is a discontinuous
process at mixed energy tidal inlets.

The morphology of the bar complexes is highly variable with
widths ranging from 40-300m and lengths from 300 to over 1500m.
Generally, the size of the bar complexes increases as inlet size
increases and as the rate of longshore sediment transport increases.
The frequency of bar welding events at mixed energy inlets varies
from 3-7 years. The location where the bars attach to the downdrift
beach and length of shoreline that is affected by the bar welding
process is dependent on inlet size, orientation of the main ebb
charmel and wave versus tide dominance of the shoreline.

INTRODUCTION

Tidal inlets represent an interruption in the longshore
sediment transport system. The manner in which inlets bypass sand
on their ebb-tidal shoals controls the rate and location of sand
nourishment to the downdrift barrier island. This paper will
discuss how sediment moves past non-structured tidal inlets and the
factors that influence this process along mixed energy (tide-dominat-
ed) depositional shorelines (Hayes, 1979; Nummedal and Fischer, 1978).
Mixed energy coasts, as Hayes (1979) has described, are characterized
by short stubby barrier islands, numerous tidal inlets with well
developed ebb-tidal deltas, and a marsh and tidal creek system that
separates the barriers from the mainland. The central South Carolina
coast (Fig. 1) which has a 1.5m mean tidal range and 0.6m average
wave height, is an example of such a coast. Other mixed energy (tide-
dominated) shorelines that will be discussed in this paper are listed
in Table 1. The wave and tidal energies of these coastlines are shown
graphically in Figure 2.
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Figure 2. Coastal classification (after Hayes, 1979; Nurmedal
and Fischer, 1978). ' Mixed energy (tide-dominated) inlet
shorelines where bar corplexes weld to beach include: CRD -
Copper River Delta, Alaska; EFIL - East Friesian Islands,
West Germany; NI - New Inlet, Massachusetts; NMA - northemn
Massachusetts, CME - central Maine; GA - Georgia (note that
bar complexes do weld to these inlet shorelines as they do
in other mixed energy coasts); CSC - central South Carolina;
SNJ - southern New Jersey; VA - Virginia.

INLET SEDIMENT BYPASSING

Inlet sediment bypassing is defined as a process whereby sand
is transported from the updrift side of the tidal inlet shoreline to
the downdrift side. In a pioneering paper by Bruun and Gerritsen
(1959) they described three methods by which sand moves past tidal
inlets: 1) through wave induced sand transport along the periphery
of the ebb delta (terminal lobe), 2) through the transport of sand
in channels by tidal currents, and 3) by the migration of tidal
charmels :and sand bars. They also showed that the type of bypassing
process that occurs at an inlet could be determined using the
following expression:

— man/Qmax 16
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where: (r) equals the ratio between the longshore sediment transport
rate (M in cubic yards per year) and the maximm discharge at the

inlet under spring tidal conditions (Q in cubic yards per second).

Inlets with high ratios (x»200-300) bypass sand by wave action along
the terminal lobe and inlets with low values (r<10-20) bypass sand by
the other two methods.

FitzGerald et al (1978) in a study of central South Carolina
tidal inlet processes found that sediment bypassing occurs by the
migration of tidal chammels and/or sand bars (method #3). They
presented two models which detailed the mechanics of sand bypassing
at non-migrating inlets: bypassing by stable inlet processes and by
ebb-tidal delta breaching (Fig. 3). The r values for these inlets
range between 50 and 150 and thus it would seem that Bruwun and Gerrit-
sen's (1959) third method of inlet sediment bypassing may not be
characteristic of tide-dominated inlets but rather a process that
occurs at mixed energy inlets. In later papers by FitzGerald and Hayes
(1980) and FitzGerald (1982) the models depicted in Figure 3 were
shown to be applicable to other mixed energy tidal inlets (Table 1).
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Figure 3. Models for inlet sediment bypassing at mixed energy
(tide-dominated) coasts (from FitzGerald et al, 1978). Note
that large bar complexes migrate onshore along the downdrift
inlet shoreline in both cases.
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Stable Inlet Processes

Stable inlets are defined as having a stable inlet throat
(non-migrating) and a stable main ebb chamnel position through the
ebb-tidal delta (Fig. 3). The pattem of sand circulation at mixed
energy inlets has been described by a number of researchers includ-
ing Oertel (1972), Hine (1975), FitzGerald et al (1976), Davis and
Fox (1980) and Nummedal and Penland (1981).

The bypassing of sand at these inlets occurs through the form-
ation, landward migration and attachment of large bar complexes to
the downdrift inlet shoreline. The development of the bar complexes
results from the stacking and coalescing of swash bars on the ebb
tidal delta platform. Swash bars are wave built accumilations of sand
(Hine, 1975) that form in the distal portion of the ebb delta from
sand that is transported seaward in the main ebb chammel. The swash
bars move onshore due to the dominance of landward flow over the swash
platform. As illustrated in Figure 4 waves breaking across the term-
inal lobe create bores of water that retard the ebb-tidal currents
but that enhance the flood-tidal currents. Thus, there exists a
net landward transport of sand on both sides of the main ebb charmel.
The net movement of sand onshore has also been attributed to increased
wave suspension during the flood cycle than during the ebb cycle
(Oertel, 1972; Hubbard et al, 1977; FitzGerald and Levin, 1981).
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Figure 4. Wave swash model. Wave bores retard ebb tidal
currents on the swash platform while they enhance the flood
tidal currents. Net landward sediment transport results on
both sides of the main ebb channel.

The stacking and coalescing of swash bars results from a decrease
in the rate of their onshore migration. As swash bars migrate up the
shoreface they gain a greater and greater intertidal exposure and thus
wave swash, which causes their onshore movement, operates over an
increasingly shorter period of the tidal cycle (Fig. 5). This
developmental process is exemplified in the sequential sketches made
of Price Inlet, South Carolina from aerial photographs taken between
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1973 and 1977 (Fig 6). A photograph taken of the bar complex
welding to the downdrift shoreline at Price Inlet in 1977 is shown
in Figure 7.
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Figure 5. Model of bar migration up the shoreface. Note that
the bar attains a greater intertidal exposure as it moves
closer to shore. This will cause an increasingly shorter
period of the tidal cycle in which wave swash operates. Thus

onshore bar migration slows with time resulting in a stacking
of swash bars.
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Figure 6. Sequential sketches of Price Inlet, South Carolina,

drawn from aerial photographs. Note the bar complex devel-
opment and its onshore migration.
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BAR MORPHOLOGY AND BEHAVIOR

Along mixed energy (tide-dominated) coastlines (Table 1)
regardless of how sand bypasses the inlet, whether it be through
stable inlet processes or ebb-tidal delta breaching, the end
product is the formation of a large bar complex. These bars have
been recognized and measured at many tidal inlets too numerocus to
mention. They are normally aligned parallel to shore and are
cuspate in shape. Their lengths and widths are highly variable but
an average range would be: Iength = 300-1500m and width = 40-300m.
They are fronted by a .5 to 1.5m high slipface. Bar complexes asso-
ciated with inlet sediment passing should not be confused with
ridge and runnel systems that have been described by Hayes and
Boothroyd (1969) and Davis and Fox (1972). They are normally much
larger features and add a much greater volume of sand when they weld
to the beach than do ridge and rumnel systems.

As the bars migrate onshore they gain a larger and larger
intertidal exposure. This is due to a combination of the bar's
moving up the shore face and the continued welding of swash bars
to its seaward side. The rate of landward migration of bar complexes
is dependent on tidal range, wave energy and height of the bar with
respect to mean low water. Bar migration rates have been measured
at Price Inlet, South Carolina to be 110m/yr (FitzGerald, 1976) while
in the East Friesian Islands, West Germany they migrate over 400m/yr
(Numedal and Penland, 1981l). The greater migration rate in the
Friesian Islands compared to that of Price Inlet is due to greater
wave energy along the German coast (Fig. 2). Larger waves produce
stronger wave swash and thus, a greater onshore sediment transport
rate., Tidal range affects bar migration rates by controlling the
period of time in which wave swash will be an actiwve process.

When the bar welds to the intertidal beach its cuspate nature
usually results in a small ponded water region being formed in front
of the bar. The rate of migration of the bar up the beach is slow
and highly dependent on the high tide level and wave energy.
Migration is the greatest when spring tides coincide with large wave
heights. The rate of migration also increases during moderate storms.
During these events, although some of the lower bar sands may be
eroded and move along shore or offshore, the large waves and storm
surge cause increased wave swash and higher portions of the beach to
be affected by this process. The final welding of the bar to the beach
above mean high water occurs during a large spring tide with high
wave activity. It could also happen during a storm.

OCCURRENCE OF BAR COMPLEXES

Remarkably similar shoreline morphologies found among mixed
energy (tide-dominated) coasts throughout the world (Table 1),
which presumeably is the result of similar ratios between wave and
tidal energies (Fig. 2), would suggest that inlets along these shore-
lines should exhibit similar sand bypassing mechanisms. One
indication that this is true is the documentation of landward migrat-
ing bar complexes along most of these coastlines. Examples from
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large ebb tidal deltas associated with these sounds extend 6-8km
offshore where the depth is 5-6m. The low gradient slope

(1:1200) created by the ebb deltas results in a gradual attenuation
of the wave energy over the swash platform. Consequently, the
formation of swash bars and their subsequent landward migration is
not a large scale process on the ebb deltas. Oertel (1977) has shown
that most of the transfer of sand from delta to the beach occurs very
close to the inlet (200m) and affects a very small section of shore-
line compared to the size of the inlet (width 1.5-6km) and the ebb
tidal deltas. The presence of large landward migrating bar

complexes along the East Friesian Island coast undoubtably is due to
much greater wave energy of this shoreline compared to that of the
Georgia coast.

LOCATION OF BAR WELDING

In the previous section it was shown that inlet sediment bypass-
ing along mixed energy (tide-dominated) coasts occurs through the
attachment of bar complexes to the downdrift inlet shoreline. From
the time of bar's formation to the time that they weld to the beach
can take anywhere from 3 to 7 years. The position where the bars come
onshore has particularly important influence on the erosional-
depositional patterns along the barrier island. A case has been
made by FitzGerald et al (1982) that the location of bar attachment
can significantly influence barrier island morphology. Notice in
Figure 17 of the East Friesian Islands and Figure 20 of Egg Island
that the bulbous portion of the barrier coincides with the site
vhere bar complexes weld to the beach.

The location where the bar complexes move onshore and the length
of barrier island shoreline that will be directly affected by the
process is controlled by: 1) inlet size, 2) wave versus tide
dominance, and 3) chamnel orientation (Fig. 22). There exists a
fairly good correlation between inlet size and the size of the bar
complexes that form on the ebb delta. Generally, larger inlets have
larger bar complexes. The size of the bar complexes that are formed
during the bypassing process is also strongly influenced by the net
long shore sediment transport rate. The greater the rate of sand
movement along the coast the greater is the volume of sand that must
bypass the inlet. This would suggest that inlets that occur along
coasts with high longshore sediment transport rates should have
relatively large bar complexes. In support of this contention are
the bar complexes that are found along the East Friesian Islands.

Here the longshore transport rate is about 270,000m3/yr and the bar
complexes are over a kilometer in length (FitzGerald et al, 1982).

The dominance of wave action versus tidal currents at an inlet
has been shown by Bruun and Gerritsen (1959) and Hubbard (1977) to
control the manner in which sand bypasses the inlet. At wave domin-
ated inlets sand is continuously transferred around the inlet by
wave action on subtidal or intertidal bars (Fig. 22). At tide
dominated inlets sand is bypassed in packets in the form of bar
complexes welding to the beach.
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LOCATION OF BAR WELDING
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Figure 22. Model of the factors affecting the type of inlet
sediment bypassing and where the bar corplexes weld to the
downdrift shoreline.

The orientation of the main ebb charmmel controls the distance
away from the inlet that bar complexes attach to the shoreline
(Fig. 22). 1If the chammel has a straight seaward pathway out of
the inlet then the bar complexes will attach to the beach relatively
close to the inlet. A deflected chammel position, downdrift deflec-
tion is most common, will result in bar complexes welding to the
beach some distance away from the inlet. The deflected position of
the main channel can be caused by preferential addition of sand to
one side of the ebb-tidal delta or it may result from backbarrier
tidal creeks approaching the inlet mouth at an angle. Prior to
being jettied, Murrells Inlet on the South Carolina coast had a
deflected main ebb channel due to both of these factors (Fig. 23).
Parker River Inlet in Massachusetts (Fig. 10) is another example
of an inlet that has a deflected main ebb chamnel. At this inlet
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3. The location where the bar complexes move onshore and the length
of coastline that experiences progradation directly from this
bar welding process is dependent on: 1) inlet size, 2) wave
versus tide dominance of the inlet and 3) orientation of the
main ebb charmel. The last factor is controlled by the config-
uration of the backbarrier tidal chammels, dominant longshore
sediment transport rate and direction, and bank stability of the
main ebb chammel.
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