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ABSTRACT

It is wdely recognized that there are many inlets
with downdrift erosion problens. It is intended here
to show that there is a conmon thread in many of the
i nl et-induced erosion patterns in Florida that can be
understood with the help of general case nunerica

nodel i ng. This paper conpares sonme actual inlet
i nduced erosion patterns wth those predicted from

nunerical nodeling.

I NTRCDUCTI ON - BASI C THEORY

Two cornerstones of coastal engineering are : (1) the



essential form of the equation describing |ongshore
sand novenent by waves, and (2) the need for a
bal anced sand budget. Cal cul ati ons using equations
for sand transport and conservation of volune are
today nade nuch easier with the aid of computers, and
this practice is called | ongshore nodeling. This type
of nodel i ng yi el ds, al ong wi th many ot her
applications, definite predictions regarding what
types of erosion patterns should be found on the
downdrift side of inlets with jetties, or simlarly on
the downdrift side of inlet ebb shoal sinks. Exampl e
conparisons wll be given of generalized node

predictions with the history of shoreline erosion at a
sampling of eight Florida inlets. It is contended
that the erosion patterns associated with at |east 33
inlets in Florida are essentially the sanme as that
indicated fromthe nodeling. It is further contended
t hat observed differences are due to |local conditions
whi ch act to nodify the base pattern. Such conditions
can usually be sinulated and the effects reproduced in

nore specific case nodeling.

A one-line, two-season, finite difference nodel can be

used to generate a base case. To include as many



i nl et erosion exanples as possible in this paper, the
nodel will not be discussed in detail here. The nodel
and its use in various case studies are discussed in

Refs. 1, 2, and 3.

The erosion of the nean high water (nmhw) line will be
nodel ed. The assunptions include a straight beach
with net sand transport fromnorth to south, caused by
greater seasonal wave energy out of the northeast. An
inlet is assumed to be cut in that shoreline, with
jetties that act as conplete littoral barriers. Thi s
is a situation simlar to that often found al ong
Florida's east, Atlantic coast. However, the
directions are arbitrary; the results apply in any
directional framework with simlar conditions, as wll

be seen. The nodel parameters used are as foll ows:

- X interval = 200 feet
- tinme interval = 43200 sec = 12 hours
- depth of parallel ogramcross-section = 12 feet

- season 1 or "winter" = 90 days of waves wth
breaki ng height 2 feet and attack angle 3 degrees

- season 2 or "sunmer" = 30 days of waves wth

breaki ng height 1 foot and attack angle 3 degrees.



It is not essential that these specific paraneters or
this particular nodel be enployed. Any reasonably
simlar nodel and set of conditions wll produce
simlar results. For sinplicity, the effects of any
wave refraction and diffraction in the |lee of the
jetty, or any losses into the inlet through or around
the jetty are not considered. It is noted that these
factors will have only relatively mnor effects on the

basic results (Ref. 3).

Figure 1A shows in plan view the mhw erosi on downdrift
froman inlet as generated by the base case nodel.
Figure 1B shows shoreline response over tine relative
to selected reference points along the beach, in
di stance versus tine pl ots. Both figures show
patterns that can be considered as characteristic of
the erosion to be expected in actual cases. The
i nst ant aneous sl ope on any «curve in Figure 1B at any
given time and |l ocation represents the erosion rate at
that time and location. A downward slope is erosion

a zero slope is stability; a positive slope would be
accretion. Note that the shoreline response is

distinctly non-linear : the rate of erosion is not
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constant over time and the erosion spreads downdrift
over tine. It is, however, possible to approximte
erosion rates as constant values for Ilimted periods

of time at a given |ocation

EXAMPLES

Figure 2 shows a map of Florida locating the eight
inlets that will be used for conparison with the nodel
results. The historic data has been obtained fromthe
Fl ori da Bureau of Beaches and Coastal Systens historic
shoreline data base, which is mintained by the
author. A description of the data base is given in
Ref erence 2. The historic shorelines in the plan views
are connect-the-dot type plots using data relative to
the Bureau's coastal nonunment system ("R' reference

poi nts).

A better exanple than the area adjacent to and south
of St. Lucie Inlet in southeast Florida probably does
not exi st. Figures 3A and 3B show erosion patterns
clearly simlar to the nodel base case. The erosion
here has been active for a very long time and is

therefore clearly defined. The inlet was cut in 1892.
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The erosion pattern in the plan view can be seen to
have been nodified by the presence of "bunps" related
to a shoal nerging zone and rock/reef exposures.
Multiple filling events have occurred in various
| ocati ons and anopunts southward of the inlet since the

1970' s.

A second good exanple is provided by the area south of
Ft. Pierce Inlet in southeast Florida, about 22 mles
north of the previous inlet exanple. Figures 4A and
4B show erosion patterns clearly simlar to the nodel
base case. The inlet was cut in 1920-1. The erosion
pattern in the area actually started prior to the
cutting of this jettied inlet because this area was
within a simlar downdrift erosion pattern of another
older, natural inlet to the imediate north, which
cl osed between 1892 and 1928. The south side ebb
shoal of that natural inlet acted as a sand sink, as
did the beach in its' sheltering influence. The
effect of a sand sink can be very simlar to that of a
littoral barrier such as a set of inlet jetties. This
will be seen in the next exanple. Note the presence
of a "bump" in the plan view erosion pattern near

R-44/ 45, related to rock/reef features which erode
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nmore slowy than sand.

The third exanple is the area south of Stunp Pass in
sout hwest Fl ori da. This is a natural inlet with a
sout hern ebb shoal which acts to create a sand sink

The sand sink both in the shoal and on the sheltered
beach acts as a littoral barrier to the extent that a
downdrift erosion pattern very simlar to the node

base case has occurred. This is shown in Figure 5.
Notice that only relatively recent shoreline changes
are shown. This general area has experienced drastic
coastal changes over the |last 100+ years : nultiple
i nl ets have opened and cl osed, and storns have been a
maj or i nfluence. However, the recent history of Stunp
Pass has been relatively well behaved, al | owi ng
sufficient time for the expected erosion pattern to

devel op.

A fourth exanple is the area south of Venice Inlet in
sout hwest Fl orida, about 16 mles north of Stunp Pass.
This was a natural inlet. Jetties were constructed in
1937-8, with subsequent nodifications. As can be seen
in Figure 6, the erosion pattern spread southward as

expected but was nodified by the rock exposure near
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R-125. The erosion was also affected by |large scale
arnoring along this entire zone. Figure 7 shows the
base case nodel results when the erosion pattern is
intercepted by a hard, headland type feature. The
spreading of the erosion pattern downdrift of the
headl and is seen to have occurred at Venice as theory

woul d predict.

The fifth exanple is the area south of the Port
Canaveral Entrance on the central east Florida coast.

The inlet was cut in 1951, but not through to the

| agoon. This exanple will be used to show that both
historic erosion and fill behavior may be anal yzed for
simlar erosion patterns. Looking at the fill first,

Figure 8 shows the plan view erosion pattern that
occurred for a renourishment project in 1974-5. Thi s
may be conpared favorably with that of Figure 9, which
shows how fill reacts when placed wthin the node

erosion pattern. Note that when the fill is eroded
away, the original werosion pattern is expected to
resume. Also notice that this exanple inlet is not
| ocated on a straight coast but is instead on a highly

concave coast.
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It will be observed here and in the foll owi ng exanpl es
that a concave shoreline orientation and a favorable
wave climate can nmodify the expected downdri ft
shoreline change pattern by allowing accretion to
occur for a distance ahead of the progressing erosion
zone. In the Port Canaveral case, as shown in Figure
10, local conditions were such that the beach in the
vicinity of the present inlet and for a considerable
di stance sout hward was accreting before the inlet was
cut. A portion of the downdrift beach continued to
accrete mldly after the inlet was cut, probably
because supply remained sufficient and not yet
drastically reduced by t he progressi ng erosion
pattern. Then the renourishnent occurred next to the
inlet. Careful exam nation of Figure 8 suggests that
supply from the accelerated erosion of the fill may
have been adequate for the effect to continue at a
mld level inthe R15 to R 25 area from 1976 to 1985

Concave curvature is a factor in the remai ni ng

exanples as well, and the effects will be further
expl or ed.
The sixth exanple is the area south of the St. Johns

River Entrance in northeast Florida. This was a
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natural inlet. Jetties were built during the period
1881-90. Figures 11A and 11B show erosion patterns
very simlar to the expected patterns. The |oca
region is concave in shape. The 1924 shoreline may
show that a downdrift accretionary zone tenporarily
occurred in the RR50 to 60 area, although this could
be a structural effect fromgroins or an error in that
data. Assuming the 1924 data to be correct, it would

be an effect consistent with the shoreline curvature.

The seventh exanple is the area south of St. Marys
Entrance in northeast Florida, about 20 miles north of
the St. Johns Entrance. This was a natural inlet.
Jetties were constructed in 1881-1904. There was a
| ong period when ebb shoal sand apparently cane ashore
and filled in a large depression in the shoreline
orientation just south of the inlet. By the 1950's,
and probably a decade or so earlier, this effect
ceased to be significant and the erosion pattern we
woul d expect to see began occurring south of the
inlet. The erosion severly threatened the devel oped
area of Fernandi na Beach, so a |l arge area south of the
inlet was arnored with a continuous revetnent in 1964,

after the added influence of Hurricane Dora. Figure
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12A shows the historic erosion conparable to the
expected pattern, as nodified by the arnoring. The

area has been repeatedly filled since 1978.

Figure 12B shows in plan view all of Anelia Island,
including the inlet-adjacent area of the prior figure,
for the sane historic shorelines. Notice the concave
shape of the region south of R-30, and that accretion
occurred there. Notice also in Figure 12B that the
fit of a prelimnary calibrated nodel of the island by
the author quite closely matches the 1973-5 shoreline
target throughout. This nodel reproduced the expected
i nl et-adjacent erosion zone and the further downdrift
accretion zone, although nore data fromthe fill era

is needed to verify the calibration

The eighth exanple is the area west of East Pass
(Destin Harbor) in northwest Florida, on the Qulf
Panhandl e coast. The inlet broke through in roughly
its' pr esent | ocation in 1928. Jetties were
constructed in the 1960's. Notice in Figure 13 the
appearance of erosion of a simlar pattern to the

expected after the inlet opened in the pr esent

location. Notice also that this is a concave-shaped
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coast al regi on. An accretional area devel oped
downdrift of the inlet-adjacent erosion zone and was
gradually being eroded by the westward progressing

er osi on zone.

Can a erosion/accretion pattern be reproduced in a
general case nodel with results simlar to those
observed above for a concave-shaped coastal region ?
A coast simlar to that of the East Pass area was
nodel ed, with the results shown in Figure 14. As can
be seen in that figure, a shoreline change pattern
closely resenbling the observed can be generated with
little difficulty. The accretion zone can develop as
aresult of arelatively acute concave regi onal shape
in conbination wth favorable wave conditions. 1In
some areas there may be assistance from |oca
bat hynetry or rock/reef effects. The nmodel and the
hi storic data suggest suggest that usually the erosion
zone can be expected to spread into the accretion zone
and eventually destroy it, wunless controlled by

artificial sand supply.

OTHER FLORI DA | NLETS



The additional Florida inlets which appear to exhibit
downdrift erosion patterns simlar to that presented
here are listed in the next paragraph. There may be
nore. Data for sone inlet areas is insufficient, and
sonme areas are too conplex for sinple conparison. It
i s suggested that interested parties should attenpt to
see if an inlet's erosional history is consistent with
t he expect ed gener al pattern gi ven the I oca
conditions. |If not, the reason should be that the
| ocal wave climate and (or) the sand supply situation
are not sufficiently simlar to the situations
descri bed here. (Observing and understanding the role
of local nodifying factors is essential to correctly

interpreting the erosion pattern

The following inlet downdrift areas appear to exhibit
t he expected erosion patterns with |ocal variations

St. Augustine, Sebastian, Jupiter, Lake Wrth, South
Lake Wrth, Boca Raton, Hillsboro, Port Evergl ades,
Baker's Haul over, O earwater, Johns Pass, both Blind
Passes (Pinellas and Lee), Passage Key, Longboat, New
Pass (Sarasot a), Gasparilla, Capti va, Redfi sh,
Doctors, CGordon, Big Marco, St. Andrews (Panama City

Har bor Entrance), Mexico Beach, and Si kes Cut.



CONCLUSI ONS

The given exanples appear to match theory wi th

observations reasonably well. Since the equations
used in the nodeling are well established as being
descriptive of the physical processes involved, i.e.

waves acting on sandy beaches in defined regions, the
conpari son of observations wth theory very nmuch

SHOULD work well in this application

In the author's opinion there is definitely the conmon
thread of consistent downdrift erosion patterns for
many of Florida's inlets. It has been shown that
| ocal conditions wll nodify the erosion pattern in
recogni zabl e ways. It has also been shown that
general case nunerical nodeling can be a useful too

i n under st andi ng coastal processes.
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