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What hoppells to the 5(1/,,1 that erodes ji"Ol1l Ollr beaches?

tvave MoHon and Sand ;\1O\-('II1(,'l1t

As waves approach the shore. they begin 10 drag on the seafloor.
which causes them to become steeper and break . A breaking wave is lit­
era lly surface water that has overrun water ncar the bottom. The location
where waves break is called the breaker zone. Its location varies as wave
height varies. La ndward of the breaker zone is the surf zone. whe re ex­
treme tu rbulence from breaking waves lifts sa nd off the seabed. The area
where waves swash back and forth onto the beach is called the swash
zone (fig. 1.1).

\ -ir I\' IIf I lit' brae/!
du r i ng lull' tidf'.
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Land wa rd of th e swash zone is the ma in part of the beach. Coastal gc­
ologlsts refer to this as the storm beach beca use it becomes a swash zone
duri ng storms and extremely high tides. Sand that is moved la ndward
by swash an d wt nd piles up at the landward side of the beach to create a
beach ridge. which includes dunes. This is the natural harrier th at pro­
tects the coast from storm wash-over; As the beach retreats landward. the
du ne line moves with it. Unfortu na tely. construction on the beach has too
often prevented th is natu ral movement of the dune line. so it is becoming
a ra rity along our coast.

The motion ohvutcr within a wave is orbita l. or circula r. and the up­
ward component of wave motion lifts sand gra ins off the seabed each time
a wuvc passes. This is why waves arc so effi cient in transport ing sand . The
depth of wave orbita l motion increases with wave height and length (the
distance between wave crests). mean ing th at la rger. longer waves. in es­
sence. dig deeper. transportin g sand from greater depths than do smalle r
waves. As waves approa ch the beach they lift sand grai ns off the bottom
and toward shore.Hyou stand in the breake r zone you can feel this motion
of sand from the breaking wave. The sand th at is transport ed shorewa rd
is deposited as a sandbar. As the bar grows. waves break over it. so the
brea ker zone becomes more con fi ned. The location ofthe breaker zone de­
pends upon the wave length and height on any given day. When onshore
winds (those th at move from water toward shore) arc strong, large waves
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West of San I.uis Pass.•don g Follcts Isla nd an d arou nd Surfside Beach .
tilt' coast has it low profile: Su rfside has an avera ge elevation of -I feet. The
moo-t sign ifica n t loss uf sa nd from the beach occurs du ring storms when
...utd is wash ed across th e beac h into the wet lands a nd hark-harrier bays.
Eventually, th is sa nd will be: reclaimed and moved bark into the long­
.Jxlrl' tra ns port sys tem as the shoreline advances landward. ;\ Il'a nwhile.
.he and helps to ma int ai n wetlands by providing a fra mework on wh ich

a r h vegetat ion grows .
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that the delta was a prominent lobe. marked by shallow depths. offshore
of the river mout h. With in a few decades after the river was diverted. the
lobe was gone. havin g been eroded by storm waves. and a new delta lobe
was formed to the southwest. offshore of th e new Brazos River mou th .
This is one of several examples of the fact that sediment th at occurs off­
shore in water depth s of up to 30 feet is eventually exhumed as the shore­
line advances. Much of the sand that is exhumed is delivered back into the
longshore transport system. In this cascothe delta was removed in about
two decades. An other example is the erosion ofthe old Bolivar Roads ebb
tidal delta that occurred after the con struction of the ship chan nel and
jetties. wh ich blocked sand supply to the tidal delta (fig. 1.5). The lesson
here is that it doesn't take long to sec the impact of human tampering
with the coas tal system.

NO\\' let 's get hack to the quest ion of where the sand eroded from area
beaches goes. Most of the sand that erodes from Bolivar Pen insula is
trapped on the beach eas t of the North Jetty. The sa nd eroded from Galves­
ton Island ends up in the San Luis Pass tidal delta . Sand eroded from Fol­
lets Island washes over this na rrow ba rrier into wetlands and bays. A
similar fate awaits sands removed fro m beaches between the Freeport
jetties and the Brazos Delta . During major storms . sand can be removed
from the beach and transported far offsho re and deposited as storm beds.
However. sediment cores taken offshore have ra rely sam pled stor m beds.
so this mechanism of sand remova l from the coast docs not appear to be
significant.

As for what happens to the area imm ediately offshore of the beach as
the shoreline moves landward. the answer is pretty well known. As the
shoreline retreats landward. the shoreface retre ats wlth it. leaving litt le
remaining shoreface deposits on the inner contine ntal shelf. Sand is con­
fined to the area closes t to shore. generally within a kilometer (0.6 miles)
of shore and wlthln the steepest. most dynamic portion of the shoreface .
The ra te of shoreface movemen t is more or less equal to changes that oc­
cur on the beach. If sand is taken from the shoreface for beach nou rish­
ment. an unstable offshore profile is created and sand will be delivered
from the nourished beach back to the shoreface to reestab lish the equili b­
rium profile.
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break fart her offshore to form sandbars farth er offshore. Surf fishermen
are well aware that there is more than one sandbar orr the beach, each
separated by depressions that run parallel to the coast. The depressions.
or ru nn els. are where the fi sh tend to congregate.

Sandbars form far from shore during strong winds, when waves arc
larger. These offshore bars tend to endure, because when winds dimin­
ish. the waves arc too small to have much inlluence on the bars. On an y
given day there may be as many as three sandbars and associated breaker
zones. Over periods of weeks. as the weat her and wave conditions va ry.
sandbars migrate landward and old bars are remolded into new ones. If
you were to measure the seafloor depth from the beach to <I lew hu ndred
yards offshore on a regula r basis. you would observe constant change in
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the location of runnels and bars. This highly dynamic near-shore zone
is referred to as the upper shoreface. This part of the coast is under the
constant inllucnce of waves. and only sand is deposited here. It is also the
steepest portion of the shoreface and. along the upper Texas coast. occurs
between the shoreline and about 15 to 18 feet 15 to b meters) water depth .

Seaward of the wave-dominated upper shoreface is a zone that is in­
Oucnced by waves only duri ng storms. During storms. sand is delivered
to this zone. the lower shoreface. from onshore. Durin g fair weather con­
ditions. the seafloor is more quiescent and mud is deposited. With time.
sand mixes 'with mud. Along the upper Texas coast. the lower shoreface

tends seaward of the upper shoreface to water depths of about 24 to
30 feet IS to 10 meters) (fi g. 1.2). The depths of these zones and their sedi­
ment types differ largely according to differences in the bottom profile
Uxtl:! the coast. Seaward of the lower shoreface is the continen ta l shelf.

For those of us concerned about coast al erosion and beach nourish­
L it is importan t to know where within the coas tal setting sand is
g transported by waves and coastal currents. The term closure deptll

com monly used to describe the maximum depth ofsand transport. One
. 1O estimate closure depth is to use such factors as wave length and
ght. However. in my opinion. the best way to delermine the closure

is to use the actu al distribut ion of sand in the shoreface and to ob­
the migration ofsandbar s over time.
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Lon gsh ore Cu rrents
The consta nt movement of waves toward the beach ca uses water to

pile up at the coast. and that water ultimately has to move back offshore.
Hut before it docs. the water may How para llel to the shore as a longshore
cur rent. This happens when waves approach the beach from an an gle.
Longshore cu rrents can be quite strong if the winds arc strong and the
waves approach from a sha rp angle. These longshore currents accelerate
us more water is continuously added to the coastal current .

\Vc all have experienced longshore currents. Recall the time you were
drifting on your float and suddenly realized that you had dri fted down
the coa st some distance from where you entered the 'water. You 'were
taken there by longshore cu rrents. The experience could have been mu ch
worse. because ultimately longshore currents veer olTshore as waves move
more wat er ons hore. This olTshore flow occurs either as discrete currents
known as rip currents or as a more disper sed now commonly referred to
as under tow. These offshore-di rected currents pose a danger to swim-
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mers. who often panic when they feel them selves being pulled offshore.
The Irick is to remain ca lm. because the current will dlsslpate when it
flows a shor t dista nce offshore and its water is displaced .

Along the upper Texas coas t. prevai ling winds a rc from th e south­
east. This creates waves that app roach the coast from the southea st and
longshore currents that flow from ea st to west. These longshore currents
transport sand. and th e consta nt movement of sand a long the coast is
ca lled longshore transport. The qua nt ity of sand moved within the
longshore tra nsport system is evident where ver longshore currents a re
blocked by man-made structures, For example. at the west end of Bolivar
Peninsul a. sand t ransport ed to the west by prevailin g longsho re currents
is trapped by the North Jett y. which extends 4.) miles offshore. It is esti­
mated that the [etty has trapped lX million cubk ya rds of sand since it
was constructed . Anot her way to visualize the volume of sand movin g
with in the lon gshore tra nsport system is to imagine dump trucks truv­
ding west a long Galveston Isla nd filled with sand. A new load of sand
would pass every twent y minutes.

From November th rough March . low-pressure weat her systems
rfronts! frequently move across the upper Texas coast. When they do. we
exper ience st rong offshore winds (those that blow from th e shore out to
the seal. These winds da mpen waves. and longshore curre nts arc weak.
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Shifling nort herly and southeasterly winds enh ance tides. and beaches
expand and contract accordingly.

On Galveston Island, as fronts move across the coast and to the east.
winds blow from the west. and longshore cu rrents 110\\' toward the east
Although this is not the prevailing longshore cur rent direction. sand is
trapped behind the jett ies on the east end of the island. where it remains
because the jetties prevent waves and longshore currents from removing
this sand. This is why East Beach is so expansive.

The Bolivar jett ies were constructed to protect ships entering the ship
channel and to prevent sediment from filling the channel. Before the jet·
t ies were construc ted. sand was transported through the Bolivar Roads
in let into Galveston Bay or offshore. where it accumulated as an extensive
ba r off the mouth of the inlet. The sand delivered into the bay accumu­
lated in a sand body that is referred to as a flood tidal delta. because the
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is delivered there during th e rising or 1I00d tide . Pelican Isla nd was
ztnally pan of the flood tidal della . The offshore sa nd deposit is referred
.. the ebb tidal delta becau se the offshore-directed or ebb tide delivers
sand to these a reas. After the jett ies were con structed. the ebb t ida l

was eroded. which is evident in the diffe rences in offsho re bath ym ­
water depth ) between the two charts in figu re 1.5. The flood tida l
was mostly bu ried in mud.
JOg Galves ton Island. sa nd is most ly transported to the west. But the
~e dr ift ha s been alt ered by rock groins that extend offshore of the

Au illI l' jell' oJ•lie
SIlII 1,lIis Pass lit/al
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seawall. The groins were bu ilt to trap sand moving with in the longshore
drift system an d to slow the rat e of beach erosion. They have also slowed
the fat e of sand delivery to beaches west of the Galveston Seawall. Actu­
ally. so little sand is cu rre ntly moving in the longshore transport system
th at removing the rock groi ns would have litt le effect on coastal erosion.

Most of the sand eroded from Galveston beaches is transported west­
ward and ultimately ends up in th e San Luis Pass tida l delta . You can see
these sand accumulations from the bridge at San Luis Pass . Or. ifyou are
a boater, you may have run aground on one of these bars . With tim e, the
tidal inlet and delta migra te toward the west , the direct ion of longs hore
transpor t. Sediment cores collected to th e cast of the modern tida l delta
within West Bay h ave sam pled sand from the former delta that is now
buried beneath bay mud.

San Luis Pass is one of the few remai ning natu ral tidal inlet s on the
Texas coast. As such, it ha s a history of westward migration that occurs
as more and more sand is delivered there by the westward longshore
transport system. The beaches adjacent to the ebb tidal delta have a his­
tory of constant fluctuation as the tida l delta a lternately shifts la ndward
and seaward, As the deep tida l in let migrates towa rd th e west. it under­
mines hou ses.
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What happells to thearea immediately offshore
of the beach as the shoreline moves landward?

The fact is, the beach is not the only part of the coast that is re treating
landward. The shoreface is also retreating. and at the same rate as the
beach. This is because nature works to maintain a constant beach and
shoreface profile as the coast retreats landward. Coastal geologists refer to
this as the equilibrium profi le.

Figure 1.6 shows two of the several geological models for hO\',7 the
shoreface and beach move landward. Note th at a consta nt shoreface pro­
Hle is maintained.The only exception occurs when the rate ofsea level rise
changes or when the amount of material being eroded by waves changes
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significantly. Sand that is eroded from the beach a nd upper shoreface
moves landward or rema ins in the longshore transport system, This is
why it makes litt le sense to dredge sand from the shoreface to nourish a
beach. Doing so increases the slope oft he shoreface. creating ..Ill un stable
profile that must be compensated for by the offshore movement of sedi­
ment until the sta ble prolile is reestablished.

As the shoreface migrates landward, an erosion surface is left behind
on the shelf. Compare the models in figure 1.6 with the actual profile
shown in figure 1.2. Note that at a distance of4 kilometers from the beach,
the sandy sediments tha t composed the beach and inner shoreface have
been entirely eroded, almost as though a huge bulldozer had plowed its
way landward, removing anything above the base of the shoreface. That
is exactly what storm waves do to the shoreface and beach. This process
is called shoreface ravlnement. and it produces a surface where marine
mud rests directly a ll deposits that were laid down many thousands of
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wars ago in the Pleistocene. This surface is called the sh ore face ravine­
t surface. OIT the west Flor ida a nd Alabama coasts. sa nd is so plentl­

that the shoreface profile does not erode below the level of' these sa nds.
lis why Floridia ns have been able to nourish their beaches with sa nd

the area directly offshore of the shoreface.
Basedon the models shown in llgu re 1.6. any part of the coastline that
. ua ted above the shoreface ravinemen t su rface is destined to complete
ruction a s the shorelin e advances landwa rd. Sed iment cores fro m off-

con firm these models (fig. 1.1). 1-10st ofGa lveston Isla nd and Bolivar
Pm.insu la are rest ing above th is surface an d will be destroyed in comin g

uries. Th is is a lso why there is litt le in the way of an offshore record
old ba rrier islands that existed on the shelf prior to 5.500 years ago.

.. we re removed by shoreface ruvlnement . Sa nd banks are an cxcep­
cthose arc discu ssed in chapter 2 .

One of the most impress ive characteris tics of the nort h Texa s coast is
rapi d rate at which sho reface ruvinement occurs. For example. fig­
1,7 shows old bathymetric maps for the a rea offshore of'Surfslde Beach.

the Brazos Delta wa s located before the rtver diverslon of 1929. Note
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