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| NTRCDUCT! ON

Thi s paper is concerned with exploring via nunerical nodeling
the types of erosion patterns that should be found on the
downdrift side of inlets. Two cornerstones of coasta
engineering are : (1) the essential formof the |Iongshore

sand transport equation, and (2) the need to account for al



the sand in a system The nodel in this study sinply nakes
cal cul ati ons using those two axi ons. A base case and severa

variations intended to show the effects of frequently used
erosion control neasures are presented. Additional cases are
presented to further examine or clarify sonme of the major
issues raised by the results. It is intended to give the
reader some firmy grounded theoretical basis for observing
and wunderstanding what is actually seen on the coast in
simlar inlet-induced erosion situations. The suggestion is
to first see if an inlet has an erosional history consistent
with that expected from basic |ongshore sand transport
theory, rather than trying to generate new and sonetines
observationally inconsistent theories about each inlet.
Ref erence 1 conpares the theory-based results wth observed
historical changes at many Florida inlets. The aut hor
contends that there are at least 33 inlets in Florida that
exhibit essentially the sane erosion pattern as determ ned
here from theory. These appear to differ fromthe genera

case only in the details of the |local conditions. The
Departnment of Environmental Protection (DEP, fornerly Dept.
of Natural Resources - DNR) historic shoreline data base is
described in Reference 2, which also includes an exanple
conmparison of an actual inlet with the theoretical pattern

devel oped in detail in this paper.



A one-line, two-season, |ongshore nunerical nodel was used to
show the expect ed t heoreti cal er osi on patterns with
conditions generally approxi mati ng those conmon, for exanpl e,
on the east coast of Florida: a north-south shoreline wth
predonm nant wave energy out of the northeast. The processes
described are not, however, linmted to the Florida east
coast, or only to Florida. Any sandy shoreline with simlar
conditions should react in the sane way. Unless otherw se
noted, a conplete littoral barrier is assuned as the nodel's
north (left side) boundary, simulating an inlet with jetties
and no significant bypassing. The boundary condition could
al so represent an ebb shoal that acts as a conplete littora

sink. The nodel enployed is a finite difference nodel as
defined in the Appendi x section, which my be used for both
calibrated and generalized cases. The nodel is based on the
physics of |ongshore sand novenent caused by waves, as
expressed by a basic formof the sand transport equation

Sand volume is conserved. The profile cross section is
approxi mated by a parallel ogram In calibrated usage, the
depth of the parallelogram would be set such that the
cross-sectional area change per wunit of shoreline retreat
woul d be equivalent to that nmeasured in actual profiles. The

mean high water (nmhw) contour is tracked in the nodeling,



although it <could be any other elevation contour on the
profile which acts in paral l el . Coast al engi neering
literature contains many simlar nodels, any of which should

be capabl e of producing the sane results discussed in this

paper .

Unl ess ot herw se indicated, the commpbn set of conditions used

in these simulations is the foll ow ng:

- X interval = 200 feet

- time interval = 43200 sec = 12 hours

- depth of parallel ogramcross-section = 12 feet

- season 1 or "winter" = 90 days of waves wi th breaking
height 2.0 feet and attack angle of 3 degrees

- season 2 or "sunmer" = 30 days of waves wi th breaking

height 1.0 foot and attack angle of 3 degrees.

In order to understand sonmething it makes sense to start with
the sinplest conditions and then add conplexity. There are
twel ve (12) cases, each of which builds on prior results.
There are forty (40) figures, all of which are to be found

after the | ast page of text, follow ng the References.



CASE 1: 60 YEAR BASE CASE

A plan view of the base case is shown in Figure 1A. The year
zero shoreline is represented by the horizontal line at y=0

The eroding shorelines at 10 vyear intervals are plotted.
Note the <characteristic v-shaped pattern in the plan view
Anot her characteristic erosion pattern results when shoreline
location is plotted versus tinme relative to selected
reference points (simlar to DEP reference nonunments al ong
the coast), as shown in Figure 1B. Reference point |ocations
are selected at 5000 ft intervals along the X axis, and
shoreline |l ocations are neasured al ong the east-west bearings
shown as dashed lines in Figure 1A In the shoreline
di stance versus time plots, as given in Figure 1B, a downward
sloping line indicates erosion. The steeper the slope, the

hi gher the erosion at the reference | ocation

As can be seen in the tw figures, the erosion pattern is
progressive and non-linear: the areas closest to the inlet
erode first and fastest; those further fromthe inlet do not
i medi ately erode but eventually are caught in the erosion
pattern. The erosion pattern wll progress sout hwar d

al ongshore wuntil another boundary and its' effects are



encountered. The non-linearity of the pattern in space (the
X,y coordinate system) and tine is an inportant observation
and may be expected to be found in the historical records of
shoreline change south of an inlet wth jetties or an ebb

shoal si nk.

The shape of the theoretical erosion curves will be discussed
in nore detail in | ater sections. Specifically the
flattening of the slope of the distance vs time curves, the
effects of changing certain variables, and the |Iongshore

extent of the erosion pattern will be addressed.

At this juncture a di scussion concerning the use of
simplified conditions is warranted. In reality there are
usual ly several conplicating factors to consider on the
downdrift side of an inlet. To nane a few : (1) the
downdrift side jetty may not be sandtight or not very | ong,
and may be a sink for updrift sand transport; (2) there may
be a counter-clockwise current in the lee of that jetty,
caused by the jetty configuration and the jet flow of the ebb
tide; (3) there may be a bypassing shoal acting as a sand
supply source for downdrift beaches; (4) there may be a sand
bypassing facility or renourishnment project(s); (5) there may

be refraction and diffraction of the wave pattern caused by



the jetties and the shoals; (6) there may be nearshore reefs
or rock exposures in the area; and (7) there may be coasta
arnoring structures affecting the erosion pattern. The first
two of these itens nay be expected to increase the erosion by
i nducing greater sand losses. Items 3 and 4 should act to
decrease the erosion by increasing the sand supply. Itens 5
and 6 can nodify the wave climate. Itenms 6 and 7 can invol ve
the addition of nore Ilittoral barriers to the problem
However, all of these factors should only nodify the basic

pattern.

If it can be observed in the field or in aerial photographs
that significant wave activity occurs in the inmediate
downdrift zone, then the sand transport equation should stil

be the controlling factor influencing shoreline orientation

and shape.

To allay sone i medi ate concerns that the reader nmay have as
to the adequacy of the initial sinplified conditions, the
effects of inserting a wave refraction pattern next to the
jetty, of doubling season 2 wave energy, and of incurring a
30% volunetric loss through (or around) the jetty are
presented in Figures 1C and 1D As can be seen in the

figures, the effects on the base case are mniml. O



course, nore radical effects can be achieved by nore radica
changes in the conditions, but within reasonable Iimts these
should still produce recognizable variations on the basic
pattern. |If the conditions are changed too nuch, then the
pattern observed will not be what's under study here, i.e.

t hat caused by domi nant wave attack from one direction

CASE 2: RENOURI SHVENT NEAR THE | NLET

Renouri shment projects are frequently used to reduce erosion
problenms in inlet-affected areas. In this case, the
theoretical effects of a renourishnent project which occurs
i medi ately south of the inlet in year 20 of the base case
are exam ned. The width of the fill is 150 feet and the
project extends for al nost 10,000 feet. The fill material is
assunmed to be the same as the natural sand. The nodel is run

for 30 years, from base case year 20 to year 50

Fi gures 2A and 2B show the nodel results. The shorelines for
years 20, 25, and 50 are shown in Figure 2A. The fil

spreads southward over time, providing a source of sand
supply for downdrift beaches. The effect of the fill project

as seen in the distance vs tinme plots of Figure 2B nay be



described as resetting the erosion clock: the origina
erosion pattern is interrupted and delayed by the fill, but
eventually is reestablished at essentially the same rates, in
this case about 15 years later. The effect of repeating the
fill projects would be to delay the erosion pattern for as
long as the repeated fillings occur. Once the filling stops,
the original erosion pattern can be expected to begin again
unl ess the basic controlling factors of wave climte and sand

supply are changed.

Not e t hat this case is for an equal width fill.
Renouri shments are not necessarily of equal w dth throughout,
and can contain sections of over-fill or greater w dth. The
over-filled areas wll generally erode faster because they
represent an even greater discontinuity on the curve of the

shorel i ne.

NOTE ADDED 1/17/97 TO CASE 2

Intervention with fill in this case occurred fairly early in
the erosion pattern, year 20. There have been many rea
cases where intervention with filling did not start unti

much later in the pattern. In such a case the filling next



tothe inlet will halt erosion nearby but not necessarily
halt the rest of the downdrift erosion pattern which has
al ready spread nmuch further away. In sone situations the
erosion of the fill can be relatively slow, while beaches at
the | eadi ng edge and center of the erosion pattern continue
to erode strongly. This is a conplicated situation that

hopefully will be addressed via a future case study.

CASE 3: EFFECTS OF A NATURAL HEADLAND OR SHORELI NE ARMORI NG

Many areas of Florida's coast are influenced by nearshore
reefs and rock exposures. |In many cases, the historic record
strongly correlates greater mhw stability but also greater
storm vulnerability with areas havi ng these geol ogi c
features. oservations of the wave patterns in aerial
phot ographs of reef and rock-influenced areas suggest that
such features can cause wave refraction, diffraction, and
breaking. They <can also act simlar to man-nmade arnoring.
It is noted that high water levels during storms can allow
waves to cut into the beach normally sheltered by reefs or

rock exposures, thus accounting for the high vulnerability of



buil dings built too far seaward on natural headl ands. There
are also many coastal areas of Florida wth extensive

sections of man-made arnoring influencing shoreline erosion.

In this nodel case, the same conditions are held as in the
base case except that a certain area of the beach between x =
20,000 and x = 24,000 feet is held as if it were rock and
non- erodi ng. The cause could be a shall ow nearshore reef, or
a rock exposure along the mhw line, or a rock revetnent or
seawal | along the mhwline. It is noted that in observations
of rock revetnments and seawalls in highly eroding areas,
eventual destruction by stornms is far nore likely than the
structures being nassive and deep enough to hold t he

shoreline indefinitely.

The boundary conditions representing the headland in this
case are greatly sinplified. Essentially the headl and is
considered to be a groin, and no sand is allowed to
accunul ate along the seaward face of the feature. The nore
accurate conditions allowing for sand to accunulate on and
nmove across a surface are conplicated, and really require
their own report. The sinplification is deenmed adequate for
t he purpose of this study because the updrift and downdrift

effects will not be that greatly nodified by the nore



conplicated conditions that actually exist across t he

headl and.

The nodel results are shown in Figures 3A and 3B. In the
former figure the shorelines for every tenth year are shown.
The flat surface and square corners of the headl and are
merely part of the sinplified illustration. In a natura
feature the headland would likely be rounded. In both
figures the effect on the erosion patternis seen to be a
reduction in the erosion rates updrift of the headland, and
increased erosion downdrift of the headland. Si nce the
erosion pattern is progressive, one indicator of the extent
of an inlet's present erosion influence would be to observe
if a characteristic erosion pocket has been carved out

downdrift of such a feature.

CASE 4 : RENOURI SHVENT AWAY FROM THE | NLET

In this case, the same conditions are held as in the base
case except that a renourishnent occurs between 10,000 and
18,000 feet south of the inlet in year 30 of the base case.
The width of the fill is 150 feet. This is, of course, a

simlar case to Case 2, but the situation is commpn and



i nportant enough to warrant an investigation of the expected

ef fects.

The shorelines for years 30, 35, and 60 are shown in the plan
view of Figure 4A. There is spreading of the fill to both
sides via seasonal wave energy, but predom nantly to the
south. As can be seen in Figure 4B, the erosion pattern is
del ayed and then reestablished. The effect of continually
repeating the renouri shnents would be, as in Case 2, to reset
and delay the erosion pattern as long as the fill projects
conti nue. As in Case 2, it wuld be a situation of

mai ntaining a stalemate with the forces causing the erosion

CASE 5 : EFFECTS OF A GRO NFI ELD NEXT TO THE | NLET

The nodel input conditions for this case have been changed.
A smaller X distance interval was needed because the groin
effects being exam ned are relatively small scale conpared to
the total area affected. A smaller tinme interval was
required to maintain nodel stability. A |lesser season 2, or
"sunmer" season, was chosen because the shoreline orientation
i nbetween the groins was found to be very sensitive to even

smal |l seasonal wave direction changes. The nodel program



happens to be set up to output shoreline positions at regular
time intervals after season 2 has been conpl et ed. In order
to show a shoreline orientation between the groins as |ined
up to face the predom nant northeast wave energy, it was
desirabl e to mnimze season 2 effects. There was
correspondi ngly no need to have a | arge season 1, which would
only scale up the effects. The attacking wave angles were

al so reduced for the sane reasons.

The nodel input conditions are now the foll ow ng:

X interval = 50 feet

- time interval = 3600 sec = 1 hour

- depth of parallel ogramcross-section = 12 feet

- season 1 or "winter" = 30 days of waves with breaking
height 2.0 feet and attack angle of 2 degrees

- season 2 or "sunmer" = 1 day of waves wth breaking

height 0.5 foot and attack angle of 2 degrees.

Three groins centered at respective x di stances of 225, 475,
and 725 feet south of the inlet were set wup in the nodel.
The mhw was allowed to reach the seaward tip of a groin

bef ore bypassi ng sand southward (a | esser distance could have



been chosen but the <choice is uninportant for illustration
purposes). The seaward extent of the groins was set at the y
= 0 initial shoreline position. For sinplification, the
wi dth of the groin structures was considered to be nearly the

same as the x interval of 50 ft.

In Figure 5A the base case for the groinfield is shown. No
sand transport into the nodel area fromthe north is all owed.
The shorelines at years 0 through 6 are shown. The erosion
pattern is essentially the same as that of Case 1 except that
it has been shifted southward by stabelizing the shoreline
i medi ately adjacent to the inlet. Note that the shoreline
within the groinfield is alnost inrediately (by the end of
year 1) fixed. The fix is volunetric since the shoreline
will rapidly shift orientation seasonally wthin t he

groinfield.

In Figure 5B the effects can be seen of allow ng various
constant levels of point source transport Qin) into the
nodel at the north boundary during season 1, simulating a
bypassing plant discharge pipe. The quantities are per
annum Note that the groins fill up to greater fixed vol unes
at greater levels of Qin), and the downdrift erosion is |ess

with greater values of Qin). These results suggest that a



groinfield can be expect ed to mai nt ai n a "filled"
configuration relative to the anount of sand supply it
receives. Although it should be possible to fill or enpty a
sinmple groinfield according to how nuch sand is punped in, a

shifted erosional zone would still occur

A further conparison is made in Figure 5C where the situation
with and without a groinfield is shown. An anmount of Qin),
again in wunits of cubic yards per year, which alnost
completely fills in the groinfield is established. Years 0,
1, and 6 are shown for the groin and no groin situations wth
the non-zero Qin). The zero Qin) groin case is also
i ncl uded. It can clearly be seen that stabelizing one
section of eroding beach can be expected to increase the
erosion in downdrift areas. A shifted erosion pattern could
be consi der ed an undesi rabl e tradeof f in many rea

situati ons.

CASE 6 : EFFECTS OF A GRO NFI ELD AWAY FROM THE | NLET

The nodel input conditions are the sane as in Case 5 with

Qin) set to zero. The sane groins as in Case 5 have been

pl aced to the south, centered at 4975, 5225 and 5475 feet,



respectively. The nodel was run for 20 years to allow tine
for the erosion pattern to reach and significantly react with

the groinfield.

Gven the previous results of the headland Case 3, the
expected shoreline reaction should be that the erosion on the
north (updrift) side of the groinfield would be reduced, and
the erosion on the south (downdrift) side increased. Al so,
based on the results of the groinfield Case 5  since in)
into the groinfield is not fixed but is reducing over ting,
the groinfield should enpty over tine. However, the enptying
of the groinfield should slow down to very small anobunts as

Qin) comes closer to being a constant.

As can be seen in Figure 6A and the enlargenment of Figure 6B
t he expectations based on previous cases do indeed occur in
t he nodel results. This may be why groinfields in eroding
areas have historically been abandoned over tinme : they
cannot be weasily kept filled, and they have downdrift
effects. Since the groins becone nore exposed over tine, the
need for repairs due to storm damage also likely increases

over time.



CASE 7 : PO NT SOURCE BYPASSI NG VS RENOURI SHVENT

The sane conditions are held as in the base case. The effect
of point source bypassing can be seen in Figure 7A At the
end of year 20 of the base case a point source supply was
activated at the north (left) boundary for 30 additiona
years. The amount of Qin) per year was set equal to the
fill anobunt of Case 2 divided by the nunber of years it took
for the shoreline to revert back to approximate pre-fil

conditions, i.e. , 15 years. The effect can be seen in the
Figure 7A shorelines for years 30 and 50 as producing a
significantly flatter erosion pattern, wth nore sand
accunul ated next to the north jetty boundary. The year 30
and 50 shorelines in this figure may be conpared with the

year 30 and 50 shorelines of Figure 1A of the base case.

Figure 7B shows a conpari son between the shorelines 15 vyears
after the renourishment placenent of Case 2 versus 15 years
after the point source sand supply was started. Recall that
year 20 of the base case was the initial shoreline for both
alternatives. After 15 years the renourished shoreline
closely resenbles the initial year 20 shoreline. However,
after 15 years of point source supply the shoreline has a

flatter curvature, with Iess erosion next to the jetty and



nore erosion downdrift.

Figure 7C shows the differences on the distance versus tine
plots. A significantly different erosion pattern is evident.
Note that this figure shows the effect of only one
renouri shment, whereas the point source supply is continuous
over years 20 through 50. Therefore the conmparison is only
equal over years 20 through 35, when the (in) total values
are approximately equal. Multiple renourishments woul d
produce an up and down series of fill and erosion |Iines.
Not e al so that the anobunt of point source supply will have an

effect on the shoreline response curves.

There can obviously be a difference in effects between the
fill and point source alternatives which should probably be
consi dered when deciding how to best nanage inlet erosion
effects. For exanple, if there are threatened structures in
the i medi ate downdrift zone, would it be better to nmaintain
an existing sharper shoreline orientation wth repeated
renouri shments, or to establish a flatter shoreline
orientation with a point source bypassing system? Either
could be the nore desirable solution depending on the

Ci rcunst ances.



CASE 8 : EFFECTS OF EBB SHOAL BYPASSI NG

Sonme inlets can be observed to have ebb shoal systens which
bypass sand fromthe wupdrift to the downdrift shorelines,
with the sand comng ashore wthin sone observable zone.
This can be simulated by adding small amounts of shoreline
width uniformy over tine wthin a selected zone during
season 1 of the nodel. The selected zone in this case wll
be 4800 to 5400 feet south of the inlet. The total shoreline
wi dt h added per year is 50 feet. The additions will conmence
after the 10th year, simulating the need to build the
bypassi ng shoal for sone period of tine after the inlet is
opened. Oherwise the conditions are the sane as the base

case.

The plan view effects versus the base case are illustrated in
Figure 8A, and further in Figure 8B where the anount of
shoaling is doubled. Essentially a bend or bulge in the
erosion curve is created at the shoal merging zone and the
amount of erosion is reduced by the addition of the sand
supply. The effect on the di stance versus tine curves of the
initial (not doubled) shoaling case is shown in Figure 8C

The rates and anounts of erosion are obviously reduced



depending on the anount of bypassed sand. An effective
bypassing shoal can be a wvaluable asset in mnimzing

downdri ft erosion

CASE 9 : WHEN DOES THE ERGCSI ON SLOW DOMN ? - BOUNDI NG EROCSI ON

WTH A HEADLAND OR GRAO N

The reader may recall that in Cases 3 (headland) and 6
(groins away) the area between the structures and the jetty
becanme a compartnent in which the erosion anmount and rate was
reduced. In order to explore this effect in greater detail a
simlar headland as in Case 3 was inserted closer to the
inlet, between x = 10000 and 13000 feet. The nodel was run
for the base case conditions, then again with the season 1
wave height increased to 2.5 feet, and once nore with the

season 1 attack angle increased to 6 degrees.

Figure 9A shows the effects in plan view I ncreasing the
wave height slightly increases the anount of erosion in the
conpartnent, but not nearly as much as that resulting from an
increase in the attack angle. This is because the shoreline
in the conmpartnment is trying to front the attacking waves.

No matter what size the conpartnent, the erosion of the



shoreline to face the attacking waves is the ultimate result
of applying the -equations in the nodel. The base case
erosion pattern is sinply the beginning stage of this process
in a nmuch |onger conpartnent. This topic will be explored

further in the next two sections.

Figure 9B shows in distance versus time plots that the nearby
headl and causes the slope of the erosion curve at the x =
5000 ft reference point in the conpartnent to flatten out to
a closer to zero rate by the 60th year. The wave hei ght
i ncrease causes this to occur nore rapidly. The origina
base case with no headl and can be seen as far fromflattening

out to a near zero rate.

Figure 9C shows in distance versus tinme plots that the
increase in wave attack angle causes much greater erosion and
is less flattened out by the 60th year at the same reference

poi nt .

CASE 10 : WHEN DCES THE ERCSI ON SLONVDOMWN ? - LOCGKI NG AT

MJUCH LONGER TI ME PERI GDS

From the previous case it was realized that the distance



bet ween boundaries is a primary control on when the erosion
in a conpartnent slows down. A conpartnent can be the 100 or
so feet between groins, or maybe 50 miles between inlets. It
was al so seen that higher predom nant wave height (closely
related to wave energy) causes the shoreline reaction to
occur faster, although the anmount of erosion appeared nore a
function of the attack angle. Wve height and attack angle
are the two npst inportant factors in the |ongshore sand
transport equation (see the Appendix). Increasing either
must increase the erosion. The nearby headl and boundary nust

have greatly Iimted the wave hei ght influence.

Looki ng at much longer time periods will clarify the effects
of wave height and attack angle, and wll add nore
information about iif and when the erosion rates can be
expected to lessen when there is no south (right side)

boundary i nfl uence.

In Figure 10A the effects of three different season 1 wave
hei ghts over 120 years is exam ned. The nodel conditions are

the follow ng :

- X interval = 200 feet

- tine interval = 43200 sec = 12 hours



- depth of parallel ogramcross-section = 14 feet

- season 1 or "winter" = 60 days of waves wi th breaking
heights 1, 1.5, and 2 feet, and attack angle of 20 degrees

- season 2 or "sunmer" = 15 days of waves with breaking

height 1 foot and attack angle of 3 degrees.

The above changes (other than wave height) were not
absol utely necessary but did help limt the nunber of points
and hense nodel run tinme, and all oned for cl earer

illustration of the effects.

Figure 10A shows that a higher wave height definitely
i ncreases the anount of erosion in an unbounded right side

situation.

Figure 10B shows in distance versus time plots that over
| onger periods of tine in an unbounded situation the erosion
rate beconmes a very slowly changi ng val ue but does not show a
strong tendency to zero out. The smaller the predom nant
wave height, the lower the rate of erosion and the |esser

anount of erosion in equal tinme periods.

The effects of three different season 1 wave attack angles



over a 120 year time period are shown in plan viewin Figure
10C. The season 1 wave height 1is kept at 2 feet and the
attack angle is increased from 5 to 10 to 20 degrees. This
i ncreases the erosion in a manner very simlar to the wave
hei ght effect. Al so shown is the eroded shoreline at 300
years for the 5 degree situation. The 300 year shoreline is
seen to be a continuation of the sane characteristic pattern
shown for 120 years. In Figure 10E the tinme scale is
extended to show that even with the | esser erosion resulting
from the 5 degree wave attack angle, the rate has not

flattened out to a near zero val ue even over 300 years.

A conclusion that can be reached fromthese results is that
the downdrift erosion problem is limted primarily by the
boundary conditions in a system This wll be explored

further in the next case section

To finish the exam nation of |longer termeffects, Figure 10F
shows in plan view the effects over 120 years of reducing the
beach cross section by changing the depth from14 to 12 feet.
Also shown in the figure is the effect of increasing the
nunber of days of season 2 waves from 15 to 50. The cross
section reduction results in greater shoreline recession

since the anpbunt of attacking wave energy was not reduced.



The increase in season 2 duration results in a relatively
smal |l reduction in erosion, confirmng and expanding on the

60 year test of Case 1

CASE 11 : THE LARGER PICTURE - BOTH END BOUNDARI ES
SHORELI NE ORI ENTATI ON, AND ZONES W TH DI FFERENT

WAVE HEI GHTS

In all the cases up to this point, only one end (the eroding
end) of a coastal systemwas examned. A greater |evel of
understanding nay be obtained by looking at a conplete
system For exanple, a system bounded at both ends by an
inlet with jetties, each representing a conplete littora
barrier, is shown in Figure 11A It can be seen that the
shorel i ne change pattern on one side of the dotted m d-point
line (at x = 50000 ft) is a mrror image inverse of the
other. That 1is, the erosion on the left side is exactly
equal to the accretion on the right side. The conditions are
t hose of the base case. Note that at 120 years the erosion
pattern on the left is about to interact with the accretion

pattern on the right.

Taking this approach a few steps further, in Figure 11B the



effects are shown of changing the Ileft boundary to a point
source of supply (Qin) = 32878 cu.yds./yr.). The evolving
shoreline change pattern is quite different, as nay have been
expected fromCase 7 results. Note that there is interaction
of the erosion and accretion patterns well left of the
m d- poi nt of the system The 120 year shoreline shape is
rem ni scent of the regional shoreline shape of the east coast
of Florida fromthe St. Johns / Flagler county line to Cape
Canaveral. The Cape could well be considered a very seaward
ext ended boundary condition simlar to that in the nodel.
The northern boundary condition could be considered the
equivalent of a point source of supply. O course, that

regi on has been evol ving for thousands of years.

Anot her nodel case can be generated by causing the right side
boundary to be a termnal groin or jetty with limted | ength.
Such a structure allows sand to | eave the system across that
boundary. The left side boundary is set to be a conplete
littoral barrier. As can be seen in Figure 11C, again there
is an intersection and interaction of the erosion and
accretion patterns, this tine to the right of the md-point.
In sone actual coastal systens there are probably interacting

end boundary effects.



In all the cases up to this point there has been an initially
straight (y = 0) shoreline, sinmulating a pre-inlet straight
shoreline. In sone Florida locations there is a distinct
change in shoreline orientation wthin an inlet to inlet
system In the nopdeled situation shown in Figure 11D, the
right side of a system is separated fromthe left by a
non- er odi ng headl and, but the right side orientation presents
a greater wave attack angle wth season 1 waves. This
results in increased erosion on the right side of the
headl and, although there is no interaction yet with the inlet
i nduced erosion pattern. If the headland is allowed to be
eroding sand, it represents a discontinuity in shoreline
curvature that is eroded to a snoother curvature, as shown in
Figure 11E. Many natural headlands are likely to be very
slow y eroding, conbining features of both erosion patterns.
Shoreline orientation can be a necessary consideration in

actual erosion cases.

In certain areas within a coastal systemthere can be greater
or lesser wave energy. For exanple, a gap in a reef that
runs throughout a region could result in a zone of higher
wave energy. The results of nodeling a zone wth 10%
i ncreased energy are shown in Figure 11F. A zone of 10%

| ower wave energy is also nodeled, with the results shown in



Figure 11G In both figures, going froma higher to a |ower
wave energy zone in a system wll cause an accunul ation of
sand in the area between the two zones. Going from a |ower
to a higher wave energy zone will cause an erosion of sand in
the transition area. It 1is noted that features resenbling
structure-based headl ands can be caused by wave energy

di fferences along a shoreline.

CASE 12 : LINEARLY SUPERI MPOSI NG ERCSI ON EFFECTS

Real inlet-induced erosion situations are likely to include
several of the effects shown in the previous cases. It would
therefore be wuseful to know how nultiple effects interact.
In the nodeling results of Figures 12A, 12B, and 12C, it is
shown for an inlet-induced erosion situation with structural

wave energy (10% increase), and fill effects, respectively,
that the effects are linearly additive. For exanple, Figure
12A(1) pl us (i) equal s (iii), graphi cal ly and

mat hemati cal | y.

Erosional patterns can be superinposed to obtain a net
(interacting) effect. Useful analogies cound be drawn with

the additive properties of tidal wave conponents and



el ectrical signals. Shoreline erosion patterns are waveforns
as well. This result has many inplications and can
potentially be a great help in understanding real coasta

syst ens.

For instance, let's say there is an inlet-induced erosion
pattern in a large coastal systemthat includes a series of
headl and features. Suppose this erosion pattern spreads for
many years a considerable distance downdrift, past a few of
t he headl ands. Then at the updrift inlet end a renourishment
programis initiated. Repeated renourishnents occur south of
the inlet, not necessarily at equal tine intervals or in
equal ampbunts. By knowing that the effects of each erosion
pattern can be superinposed, it is evident that there will be
a noving, |eading wave of erosion fromthe original pattern

which won't stop wuntil it interacts wth the system end
boundary. There wll also be waves of sand deficit and
supply moving through the series of pocket beaches, dependi ng

on and spaced by the timng and anounts of the fill events.

Such a systemis clearly not sinple, but it can be understood
froma overall perspective. Wth enough nonitoring, it my
be possible to nodel an actual, simlarly conplex system and

achieve a reasonable level of predictability. Allowance



woul d have to be nmade, of course, for yearly variations in

wave clinmate.

Caution is advised in applying the linear superinposition
princi pl e. Only straight-line, sinple systens have been
tested here. It would be wise to carefully consider and test

how it can be applied in nodeling a real system

COMMVENTS

In recent vyears there has been a significant anount of
controversy and confusion surrounding inlet issues. The
aut hor saw a need to establish and present a firmtheoretica
basis for exam ning inlet-induced shoreline erosion problens.
The base case and variations presented herein should prove
hel pful in examning real problens because the physics
involved in the nodeling is essentially correct and waves are
obviously a controlling influence. It is suggested that this
back-t o-basi cs approach will <clarify the observed shoreline
changes at a great many inlets in Florida where t he

conditions are simlar to those presented here.



REFERENCES

1. Foster, E.R, "The Common Thread in Inlet-1nduced Erosion
Basi ¢ Theory and Florida Exanples", 1995, Proceedi ngs of
the Eighth National Conference on Beach Preservation
Technol ogy, Published by the Florida Shore and Beach

Preservation Associ ation, Tall ahassee, FL, pp. 227-242.

2. Foster, EER, "Thirty Year Erosion Projections in Florida:
Project Overview and Status" , 1992, Coastal Engineering
1992 - Proceedings of the 23rd International Conference,

Edited by Billy L. Edge, Pub. by the Anerican Society of

Cvil Engineers, NY. , Vol. 2, pp. 2057-2070.

3. Foster, E.R, "The Expected Erosion Pattern Downdrift from
a Jettied Inlet", 1994, Proceedings of the Hornafj ordur
I nternational Coastal Synposium |celand, pp. 151-159.

Note : Presented at the Conference By Dr. Per Bruun.



2000

WAVE FRONTS

~ 1500 -
] -~ N
Ll
L
W i
L) 1000
o OCEAN
(%]
B
= 500 4 JETTY AT BOUNDARY
g . ; . ; : .
I |
W o LYRO X | ! N
1
<Z( 10 A | |
A 1 ] 1
U’_’) 1* | 1 ) | LAND
5 -500 £ J I 1 : I
A ! ! ! ' [ A = REF. PTS
1 ] 1 | I |
| I | | I ]
| | 1 | ] I
—~1000 { i : | I f f f } X
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

DISTANCE ALONG BASELINE (FEET)
FIG. 1A — PLAN VIEW, BASE CASE, EROSION SOUTH OF INLET



DISTANCE FROM REFERENCE POINTS (FEET)

700

X=5000

650 ——

600 ——

550 ——

500 —

450 ——
X=10000
400 —

350 ——

300 ——
X=15000

250 ——

200 ——

X=20000
150 ——

100 —
X=25000
50 ——

X=30000
—50 ——

Lo I T D N T I
—100 N B e B e e S

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS

FIG. 1B — BASE CASE, DIST. VS, TIME PLOTS



300
— WITHOUT REFRACTION,
- N BASE CASE
200 4+ ---- WITH REFRACTION
REFRACTED SEASON 1 WAVES AND 30 DAY SEASON 2
2 1t a 112 i’ WITH REFRACTION
100 F OCEAN AND 60 DAY SEASON 2
- —  WITH REFRACTION, 80 DAYS,
0 AND 30% LOSS THRU JETTY
YR O

DISTANCE FROM BASELINE (FEET)

Il | | P f 1 1 | ]
f f X

T T T T 1 T
1000 1500 2000 2500 3000 3500 4000 4500 5000
DISTANCE ALONG BASELINE (FEET)

FIG. 1C — PLAN VIEW, CLOSE TO INLET: REFRACTION, SEASON 2, AND

POROUS JETTY EFFECTS

2000
—  WITHOUT REFRACTION,
BASE CASE
WAVE FRONTS
- N ==~ WITH REFRACTION
o~ 1500 + “ AND 30 DAY SEASON 2
L WITH REFRACTION
v AND 60 DAY SEASON 2
o 39
] _
= 1000
— OCEAN
Lt
w
&
S 500 4 JETTY AT BOUNDARY
o red . . . .
[0l 1 ) [ | | 1
L YR QO 1 | | | [ |
W 0 1 1 i | 1 &
[®) [ | | A 1
<Z( I [ ! A [ 1
T | A | ) 1
’(7) | 1 1 ) | LAND
a5 30 + 1 | 1 |
—500 | i 1 1 | )
A | | | | | A = REF. PTS
| ] 1 ] [} ]
1 ] 1 | | 1
{ ] ] ] i 1
-1000 i i i : | } % i i X
) 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

DISTANCE ALONG BASELINE (FEET)

FIG. 1D — PLAN VIEW: REFRACTION AND SEASON 2
LARGE SCALE EFFECTS



DISTANCE FROM BASELINE (FEET)

2000

WAVE FRONTS

1500 -
-€ N
1000
500 +  JETTY AT BOUNDARY
"
FILL IN ! ; | | ; ;
] ! I I I I
VI R i , : ‘l |
I R I l
] . l I I
| | ! | ! l -
" ] ’ | ‘ l I
—900 1 YR 50, 1 | | | |
A 1 | i | i A = REF. PTS
| ! | | I .
[ | | | I I
| ; | | l I
. % } | f } } } f } X
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

DISTANCE ALONG BASELINE (FEET)
FIG. 2A — PLAN VIEW, FILL NEAR INLET CASE



DISTANCE FROM REFERENCE POINTS (FEET)

700

650 —— X=5000 —— BASFE CASE

------ FILL EFFECT
600 ——

550 ——
500 —

450 —
X=10000
400 —

350 ——

300 —1—
X=15000
250 ——

200 ——

X=20000
150 ——

100 ——

X=25000
50 —

X=30000

_ N R N N A NN NN MO N N N
100 T T T T T 1T 1
5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS

FIG. 2B — FILL CASE, DIST. VS. TIME PLOTS



2000

—_

w

Q

Q
It

o

o

(e
1

500 +

WAVE FRONTS

- N

OCEAN

. HEADLAND | |

DISTANCE FROM BASELINE (FEET)

I
&y
o
o]

]

LAND

A = REF. PTS

|
|
I
|
[}
1
|
|
|
Il

Il | ]

-1000
0

|
|

A
i
|
|
]
1

de— - = -

5000

10000

el

|
A
t
1
|
|
I
|
|
]
|
T

T T T T

15000 20000 25000 30000 35000 40000 45000
DISTANCE ALONG BASELINE (FEET)

FIG. 3A — PLAN VIEW, HEADLAND CASE

50000



700

eso L X=5000

—— BASE CASE

600 T N, e EFFECT OF

es0 L HEADLAND

500 ——

450 —
X=10000
400 ——

350 ——

300 ——
X=15000

250 —/—

200 —

X=20000
150 —— -

100 ——
X=25000

50 ——

DISTANCE FROM REFERENCE POINTS (FEET)

X=30000
—50 —f—

_ N N N N N N N (R TN N N B
100 AN A S AN N R B W
5 9 5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS
FIG. 3B — HEADLAND CASE, DIST. VS. TIME PLOTS



DISTANCE FROM BASELINE (FEET)

2000
WAVE FRONTS
1500
> | N
000 4 \ <
OCEAN
500 = JETTY AT BOUNDARY
V' ' |
: ' OFILLINZYR 30 | | :
07 ! ’,, RURPR ! ! :
I sy I
| f T l I
1 \ ! |
i | [} ) | LAND
) | + ; ! ] I
o I ‘ ! 1 | ( |
A 1 1 1 ' [ s - REF PTS
]
. ; | i | |
| | I : | |
o % | | * | i = a { X
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

DISTANCE ALONG BASELINE (FEET)
FIG. 4A — PLAN VIEW, FILL AWAY FROM INLET CASE



DISTANCE FROM REFERENCE POINTS (FEET)

700

650 —

600

550

500

450

400

350

300

250

200

150

100

50

-50

—-100

X=10000

X=15000

X=20000

X=25000

X=5000
— BASE CASE
----- FILL EFFECT

X=30000

|

% L

[
0

| ] | | | i | I [ I I
5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS

FIG. 4B — FILL AWAY FROM INLET CASE

DIST. VS. TIME PLOTS



DISTANCE FROM BASELINE (FEET)

1w+——+++—+——+—+——+——t+—+—+—+——+————

80 +
WAVE FRONTS - N

JETTY AT BOUNDARY OCEAN

20 14~

GROINFIELD YR O

e
R
—20 +

—4Q +

—B0 4+

-100 +—+—+———"4—+——+—+—+—F—+—+—+—+——+—+—+—+—+

0 1000 2000 3000 4000
DISTANCE ALONG BASELINE (FEET)

FIG. 5A — PLAN VIEW, GROINFIELD BASE CASE

5000



DISTANCE FROM BASELINE (FEET)

100 e t——}

] 4 + " |

80 +

WAVE FRONTS

20 44”

N
T t + + t T

¢ — Q(IN) =0
N Q(IN) = 2192 CU.YDS.
; ---- Q(IN) = 5480 CU.YDS.
QCEAN

-100 +—+—+—+—+—

| 4 s 3 i i

2000
DISTANCE ALONG

1
3000 4000

BASELINE (FEET)

FIG. 5B — GROINFIELD CASE, EFFECT OF INCREASING Q(IN)



DISTANCE FROM BASELINE (FEET)

100

1 " I ' . 1 3 } ; " Il . . 4 4 |

80 +

20 +

WAVE FRONTS ~€ N

— Q(N)=0
....... Q(IN) = 7672 CU.YDS.

- Q(IN) = 7672 CU.YDS.
NO GROINS

OCEAN

|
1

—20 -

—40

—-6Q

—80

-100

] 4 " " : | ' 4 s " 1 4 " n 4 |

FIG

-ttt
1000 2000 3000 4000

DISTANCE ALONG BASELINE (FEET)

. 5C — GROINFIELD CASE, GROINS VS. NO GROINS




DISTANCE FROM BASLINE (FEET)

DISTANCE FROM BASELINE (FEET)

Y
50

OCEAN

—100 ~

T

—150 +

—-200

LAND

“/'YR 20 W/0 GROINS

4

Il | 1 | 1 1 |

1 1 f T T 1 f
2000 4000 6000 8000 10000 14000

12000
DISTANCE ALONG BASELINE (FEET)
FIG. BA — PLAN VIEW, GROINS AWAY FROM INLET CASE

YR O GROINFIELD

_‘]0_

—20

—30 4

—40 -

—50 +

—80 -

-70

--="YR 20 W/O GROINS

YR 20

LAND

4000

T T
5000 6000
DISTANCE ALONG BASELINE (FEET)

FIG. 6B — ENLARGEMENT, PLAN VIEW, GROINS AWAY
FROM INLET CASE

7000



2000
WAVE FRONTS
— 1500
5 €N
(91
L
Lt -
4 1000
d OCEAN
2
5 1 — YRS 0,10,20
= 500 - JETTY AT BOUNDARY - YR 30
o - . . - -- YRS50
o | | | ]
VS 1 ' 1 1
L 1 L A
g o et
2 A S
| ] [}
E | + ) | ) ) LAND
& -500 4 : . : : | |
A 1 | ' [ [ 4 = REF. PTS
[} | [} ] 1 ]
[} ] I [} ] ]
~1000 i 5 | i SRR : : : X
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
DISTANCE ALONG BASELINE (FEET)
FIG. 7A — PLAN VIEW, POINT SOURCE CASE
Y
500
400 + ~€=N
E 300 +
L\“ﬁ/ OCEAN — CASE 1 : YRS 0,10,20
o7 200+ - CASE 2 : 15 YRS AFTER
z | ETTY AT BOUNDARY RENOURISHMENT
o 100-F -~ CASE 7 : 15 YRS OF POINT
Q SOURCE SUPPLY
i) p 4RO ' . —
§ : _________ -7 - : 4
w 100 | el T : |
g | | 4
O 200 - ! : : !
;{ | ! 4 LAND !
[ﬁ _300 4. I ] 1 [}
o =720 : | ; :
_400 + ! : | A& =REF.PTS ,
] ] [} |
-500 | i | j X
0 5000 10000 15000 20000 25000

DISTANCE ALONG BASELINE (FEET)

FIG. 7B — ENLARGEMENT, PLAN VIEW, POINT SOURCE
VS RENOURISHMENT



DISTANCE FROM REFERENCE POINTS (FEET)

700

650 ——

600

550

500

450

400

350

300

250

200

150

100

50

-50

-100

X=10000

X=15000

X=20000

X=25000

X=5000 —— BASE CASE
------ FILL EFFECT
--- POINT SOURCE

- - - - -
’

X=30000

L ¢+ vy

[
0

T 1 1 T—1 1717 17T"7T"/1
5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS

FIG. 7C - PONT SOURCE VS RENOURISHMENT,

DISTANCE VS TIME PLOTS



2000

WAVE FRONTS
~ 1500
[ € N
L
L
St
wJ _
L) 1000
h—JJ GCEAN
2
© 500 - JETTY AT BOUNDARY — CASE8 YRS 0TO 60
z Ve ---- BASE CASE 1 YR 60
& 'SHOALING, ! ! ! !
L 0 RO, ! s !
----------- K [
2 10 = , !
-t A ] ] 1
e [ A 0 I ) ) LAND
%, ,
O ~500 + . : : : .
A | I | | | A = REF. PTS
| | 1 !
| : | i | :
{ | | ] 1 N i
—1000 i | | | | | % i } X
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
DISTANCE ALONG BASELINE (FEET)
FIG. 8A — PLAN VIEW, SHOALING CASE
2000
WAVE FRONTS
© 1500 - '
o €= N
L
o
L _
% 1000
= OCEAN
(FE]
2
@ 500 4 JETTY AT BOUNDARY — CASE BA YRS 0 AND B0
= ---- BASE CASE 1 YR 80
& | | i | | L e DOUBLE SHOALING AMOUNT,
T SHOALING, \ . . ) YR 80
(W] 0 YR O Il 1 1 ' .................. L &
O T BRI ; ]
pr R P A 1
i , 60..- T A I I :
w ! 4 ' I I I LAND
= Al ] I | |
O =500 + ,,—éo , , ) | ' |
A | 1 | [ | A = REF. PTS
| 1 ] I
| : [} : ] ]
] | 1 1 ] ]
~1000 | i : I i I i { { X
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

DISTANCE ALONG BASELINE (FEET)
FIG. 8B — PLAN VIEW, SHOALING CASES VS. BASE CASE



700

650 L . X=5000

— BASE CASE

----- EFFECT OF
SHOALING

600 —

550 ——

500 —+

450 ——
X=10000
400 —

350 —+

300 —-
X=15000

250 ——

200 -1

X=20000
150 —-

100 |
X=25000
50 ——

DISTANCE FROM REFERENCE POINTS (FEET)

X=30000
—50 ——

T N N DO T T MR N N N B
-100 4+———T—t 1T T T T T T 11

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS

FIG. 8C — SHOAL CASE, DIST. VS. TIME PLOTS



DISTANCE FROM BASELINE (FEET)

300
o0t 4 3° OCEAN - N — YR 0, 60 BASE CASE
e YR 60, BASE HEADLAND
100 -  JETTY AT BOUNDARY . . . - - YR 60, 2.5 FT WAVE HT.
! ! ! ! - YR 60, 6 DEG. WAVE
YR O ! | I L
0 t r T 1 t -
| B | t T
I JHEADLANG T e
—100 + : | i I T L S
) 1 { F S A It s
—200 + i I t I T
v i ¢ 1 I |
A i { 4 RO '
—300 ' | i ) 60 YR BASE HL. | !
. | | £ 1L 1 1 |
~s00 L0 PO ; : :
- ) 1 { l T 1 |
—500 A g ! ! ! A ' !
1 | ! ' Py | I {
600 | | { | //’ 1 1 1
had -1 1 i [ [P . 1 [} |
K [ G
e L | LAND | |
60 YR, 6 DEG | | : : ! ! !
—800 4+ / | I : K ! A = REF. PTS
; | | ' 1 | | 1
| | ! } | 1 |
-900 % I S % % % X
0 5000 10000 15000 20000 25000 30000 35000

FIG. 9A

DISTANCE ALONG BASELINE (FEET)

— NEARBY HEADLAND EFFECT



700

5o L X=5000

— BASE CASE

e N HEADLAND

550 —— 0 ox N, 2.5 WAVE HT.

500 —

450 ——
X=10000 N T

400 —— — e

350 —+
300 —
X=15000
250 —

200 —

X=20000
150 —= =

DISTANCE FROM REFERENCE POINTS (FEET)

100 —
X=25000 -
50 —— EE—
0 -
X=30000
50 ——
_ N L
100 —1—1— 1T T T T 1 11
5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
YEARS

FIG. 9B — NEARBY HEADLAND, WAVE HT. EFFECT
DIST. VS. TIME PLOTS



700

es0 L X=5000

— BASE CASE

000 —/ LN s HEADLAND

550 —— i N, e 6 DEG. WAVES

500 ——

450 ——
X=10000 " R

400 —+

350 ——
300 —
X=15000
250 ——
200 —+
150 ——

100 ——

50 —1

DISTANCE FROM REFERENCE POINTS (FEET)

X=30000
50 —

N N T N S TR VO M A GO Tty Y
B e 1 sy B B N B B B

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

YEARS

FIG. 9C — NEARBY HEADLAND, WAVE ANGLE EFFECT
DIST. VS, TIME PLOTS



DISTANCE FROM BASELINE (FEET)

2000

1000

€e=JETTY AT BOUNDARY

YR O

QCEAN
20° B N

—1000

—2000 +

—3000 +

—4000 ~

T

—5000

LAND

— YR 120, 2.0 WAVE HT.
- YR 120, 1.5 WAVE HT
- YR 120, 1.0 WAVE HT

A = REF. PTS

A

1
i |
| i
| i
| |
| |
| |
| I
i |
1 |
| {
| 1
! |
| |
| |
| |
I |
1 j
| '
i I
1 |
i |
| |
T

|

!
i 1
| 1
| |
i I
1 1
| 1
| |
I 1
1 I
1 I
| |
i I
| !
| |
| |
t I
] |
Il |
T T

f f f f X

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
DISTANCE ALONG BASELINE (FEET)

FIG. 10A - WAVE HEIGHT EFFECT OVER 120 YEARS



DISTANCE FROM REFERENCE POINTS (FEET)

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

-200

—400

x=5000 — 5
o N y
—— N el T 1

x=15000

RN S

O FT WAVE HT.
5 FT WAVE HT.
FT WAVE HT

| | | | | | | | | | | | |

1 I l | | 1 1 l 1 1 1 | |

-0 0 10 20 30 40 50 60 70 80 90 100 110 120
YEARS

FIG. 10B — WAVE HEIGHT EFFECT, DIST. VS

. TIME PLOTS



DISTANCE FROM BASELINE (FEET)

2000

OCEAN
<— N
1000 +
< JETTY AT BOUNDARY
o YRO
|
L. !
5 DEG|120°YRS | .-~ \ | |
—-1000 <.~ ) PPl ) | 1
) | ] | 1
i [} 1 ] 1
A | | | i LAND |
—2000 + ! : : \ \ : — YR 120, 20 DEG. WAVES
! ! : : ! ! --== YR 120, 10 DEG. WAVES
1 ) | ) 1 [ YR 120, 5 DEG. WAVES
—3000 + £ : ! ! ! ! -— YR 300, 5 DEG. WAVES
| I 1 ! [} [}
1l 1 1 t | |
oot/
, ! , , \ \ A = REF. PTS
] i 1 | ] ]
] 1 ] I | ]
—5000 } } } t t } } t t

0 5000

FIG.

10000

X
15000 20000 25000 30000 35000 40000 45000 50000

DISTANCE ALONG BASELINE (FEET)

10C — WAVE ANGLE EFFECT OVER 120 AND 300 YEARS



DISTANCE FROM REFERENCE POINTS (FEET)

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

—200

—400

-10 0 10 20 30 40 50 80 70 80 90 100 110 120

YEARS
FIG. 10D — WAVE ANGLE EFFECT, DIST. VS. TIME PLOTS




3400

3200 ——

3000 —+

2800 —

2600 ——

2400 ——

2200 ——

2000 ——

1800 ——

1600 ——

1400 ——

1200 ——

1000 —

800 ——

600 ——

400 -

200 —+—

DISTANCE FROM REFERENCE POINTS (FEET)

—-200 —

—400

350

FIG. 10E — WAVE ANGLE EFFECT, 300 YEARS, DIST. VS. TIME PLOTS



DISTANCE FROM BASELINE (FEET)

2000

QCEAN
- N
1000 +
YR O
0 4 . 4 4 .
| 1 + m__._.v_---_-_".'p'—'-"" ki
) A Lo 1
! : . ' LAND
—1000 ' \ | |
J I ] I
I I I 1
] i ] |
—2000 1 A : | \ | —— YR 120, 14 FTD, 15 DAYS
! ! ! : ! - YR 120, 12 FT D, 15 DAYS
S | | | | YR 120, 14 FT D, 50 DAYS
—3000 — A I i | | !
& | 1 l | )
A I i ] 1 i
i ] | ] | 1
4 R S S AR
! | | | ) ! | A = REF, PTS
1 ] | | ! |
| ] i | i ]
~5000 4 : i i i : i : % X

5000

FIG.

10000 15000 20000 25000 30000 35000 40000 45000 50000
DISTANCE ALONG BASELINE (FEET)

10F — DEPTH AND SEASON 2 DURATION EFFECTS



DISTANCE FROM BASELINE (FEET)

2000

WAVE FRONTS

1500 +

1000 H

500 +

|
I
|
|
i
i

JETTY AT BOUNDARY

|
|
|
|
I
|
|
|
|

OCEAN

LAND
A = REF. PTS

'
b
b
1
|
I
1
1
1
|

| { | 1 It

% X

T T i i i I

10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

DISTANCE ALONG BASELINE (FEET)

FIG. 11A — PLAN VIEW, BASE CASE, EQUAL END BOUNDARIES



DISTANCE FROM BASELINE (FEET)

DISTANCE FROM BASELINE (FEET)

800

600 - WAVE FRONTS OCEAN

400 ~

200 A

—200 +

~400

—600

LAND

—800

1 1 | ; X

800

T T
0 10000 20000 30000 40000 50000

DISTANCE ALONG BASELINE (FEET)
FIG. 11B- — PLAN VIEW, POINT SOURCE AT NORTH BOUNDARY

600 ~

400 -

200 A

| WAVE FRONTS OCEAN

~€N
3

e—JETTY AT BOUNDARY TERM. GROIN

A

~400

—600 ~

LAND

—-500

| I I | X

T I 1
0 10000 20000 30000 40000 50000

DISTANCE ALONG BASELINE (FEET)
FIG. 11C — PLAN VIEW, TERMINAL GROIN SOUTH BOUNDARY



1000

WAVE FRONTS OCEAN
30
500
=
m o] mo HDL. ~€N
\LA_—/ /g// (8]
L 30
=
= -500 +
d 30
&
2—1000 €= JETTY AT BOUNDARY JETTY
o
e
L —1500 +
LJ
% 30
g —-2000 +
» LAND
O
—-2500 + 0
—3000 I ] 1 | | | | } t X

T T 1 ¥ T T T T T
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
DISTANCE ALONG BASELINE (FEET)

FIG. 11D — PLAN VIEW, HEADLAND & ORIENTATION EFFECT

1000
WAVE FRONTS OCEAN
30
ERODING
0 YR O HDL. -\
e
-500 +

—1000 -+&=JETTY AT BOUNDARY

—1500 +

—2000 +

DISTANCE FROM BASELINE (FEET)

—2500 +

—3000 f | f f t : = i ] X
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

DISTANCE ALONG BASELINE (FEET)
FIG. 11E — PLAN VIEW, ERODING HEADLAND & ORIENTATION EFFECT




DISTANCE FROM BASELINE (FEET)

DISTANCE FROM BASELINE (FEET)

OCEAN

€—JETTY AT BOUNDARY { HIGHER |

100 + : ENERGY :
0 YR O _ﬂﬁfnrn____

LAND

~500 ; = % : : % | % 4
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

DISTANCE ALONG BASELINE (FEET)
FIG. 11F — PLAN VIEW, HIGHER WAVE ENERGY ZONE

X
100000

Y
500
400 + OCEAN
WAVE\FRONTS
300 +
200 S ; :
€—JETTY AT BOUNDARY . LOWER !
100 1 | ENERGY

LAND

~500 : : : : | : | : %
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

DISTANCE ALONG BASELINE (FEET)
FIG. 11G — PLAN VIEW, LOWER WAVE ENERGY ZONE

X

100000



DISTANCE FROM BASELINE (FEET) DISTANCE FROM BASELINE (FEET)

DISTANCE FROM BASELINE (FEET)

500

500

400

300

200

100

~-100

~200

—400

-500

OCEAN

LAND

.

! 1 Il I 4 Il 1 Il fl

DISTANCE ALONG BASELINE (FEET)
Il

T T T T T T T 1 T
0 10000 20000 30000 40000 S0000 60000 70000 BOGOO 90000 100000

(i )

Y
DCEAN — N
BASE CASE
mo (i)
//”
10 //
y /
1/ 4
4 LAND
} t } t } t t } t X
0 10000 20000 30000 40000 50000 60000 70000 80000 903000 100000
DISTANCE ALONG BASELINE (FEET)
Y +
OCEAN — )
Q(IN) AND Q{OUT) ARE FIXED AT THE END BOUNDARIES
STR.
P 1 .
wo e i — ( i )
[ P ey
4 i/
4 LAND
t t t t t t t + t X
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

DISTANCE ALONG BASELINE (FEET)
FIG. 12A - SUPERMPOSING EFFECTS, STRUCTURE EXAMPLE



DISTANCE FROM BASELINE {FEET) DISTANCE FROM BASELINE (FEET)

DISTANCE FROM BASELINE (FEET)

DCEAN

—400

} } Il 1 } } } 1 1

=500

T T T T L T T T T
10000 20000 30000 40000 50000 60000 70000 BOCOD 90000 10
DISTANCE ALONG BASELINE (FEET)

0000

OCEAN - N
BASE CASE
Q
_1m —4
200 4/ s
—300 4 ;.»‘; LAND
—ap0
-500 t t t t t + t 1 t X
0 10000 20000 30000 40000 50000 60000 76000 800J0 90000 100000
DISTANCE ALONG BASELINE (FEET)
OCEAN -
Q(IN) AND Q{OUT) ARE FIXED AT THE END BOUNDARIES
100 + . HIGHER .
{ENERGY :
0 RO : .
) ;10
—100 4 :
—-200 +
-300 + LAND
_400 —+4
-500 b t } t } } } } t X
0 10000 20000 30000 40000 50000 60000 70000 B00G0 90000 100000

DISTANCE ALONG BASELINE (FEET)
FIG. 12B - SUPERIMPOSING EFFECTS, ENERGY EXAMPLE

(i )

(i)



DISTANCE FROM BASELINE (FEET) DISTANCE FROM BASELINE (FEET)

DISTANCE FROM BASELINE (FEET)

| 1
8 8

=500

OCEAN

LAND

1 ! } i ! ! 1 Il Il X

T T T 1 T T T T T
10000 20000 30000 40000 50000 60000 70000 BOCOO 90000 100000
DISTANCE ALONG BASELINE (FEET)
I

DCEAN -
BASE CASE
LAND

V. )
-500 4— } + } t } t } } t X

O 10000 20000 30000 40000 50000 60000 70000 8000 90000 100000

DISTANCE ALONG BASELINE (FEET)

Y +

500
OCEAN N

N s
8 8 B8

Q(IN) AND Q{OUT) ARE FIXED AT THE END BOUNDARIES

|
5
3

LAND

4 ! 1 1 I I 1

(o]

} i
T T T T T 1] 4 T T
10000 20000 30000 40000 50000 60000 70000 B0CAC 90000 100300
DISTANCE ALONG BASELINE (FEET)

FIG. 12C - SUPERIMPOSING EFFECTS, FILL EXAMPLE

(iii )

(i)



APPENDIX

Two Season, One Line, Longshore Model
Definition Sketch and General Equations

Wave » v,(te) v, (t)
ﬁY Fronts )/ 1 . !
=%Ia
— 5:1“ k—_—ﬂ -
Sy,
Yo Ya ! D
f*—Ax—+—Ax—)l
5 -
X

For any time step At:
if Q,i, > Quu.s then Y, shoreline position advances;
if Qin < Q.+ then Y, shoreline position recedes.

Qin = K ¢ sin (2 « (a=- tan’'(Y,7Y,/AX)))

Qe = K * sin (2 ¢ (a - tan'(Y,~Y,/AX)))

=
]

(k o (g/k)% o HZ3) /(16 o (s-1) « (1-p))

Yo(ty) = Y () = ((AL/(DeAX)) o (Que = Qin))

where:

Q = sediment transport in cu.ft./sec.

Y; = shoreline location at x interval "i", in feet

g = 32.2 ft./sec? = gravity

kg = 0.78 = ratio of breaking wave height to water depth
k = 0.77 = proportionality factor, recommended value

D = total depth of parallelogram cross-section, in feet
H, = breaking wave height in feet

s = specific gravity of the sediment = 2.65

P = inplace porosity of the sediment = 0.35

t = time in seconds

At = time step in seconds

AX = x interval in feet

a =

angle of the breaking wave crest with the x axis

Two Wave Climate Seasons:

The model is run for a selected number of days with
waves from one direction in order to simulate season #1
(e.g. average winter conditions). The model is then run
for another selected number of days with waves from
another direction, to simulate season #2 (e.g. average
summer conditions). The sequence of the two seasons

represents one year of average wave activity. The model
can be run for any number of years.
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