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LONG AND SHORT TERM ERO2STONAL HISTORY OF
MUSTANG AND PADRE ISLANDS WITH PROBABLE TMPACT
DUE T0Q OIL 3PILL CLEAN UP PROCEDURESR

The fallowing 1s a report prepared for RPI In order to evaluate
the effects of besch cleanup recommendastions on long and short
term erogsion of the beaches affected. This report has been prew
pared in one day and ap a result sll pertinent llterature could
not be read for inclusion., However, based on my fourteen vesrs

of experience in Texas coastal geology and familiarity with the
literature, I belleve that the data presented and the conclusions
are substantially correct. A more thorough report can be prepared
1f regquired.

INTRODUCTION

With the exception of manmaede passes at Mansfleld Pass and the
Corpus Christi Water Exchange Pass, Mustang and Padre Islands
form 2 continouos barrier island, This barrier lsland system 1s
unique on the Texas coast in that it ls the site of & convergence
of longshore drift with the convepgence area being centered about
ten miles south of Baffin Bay. Tt shouid be noted that this
eonvergence is not always located there, but shlfts with changes
in the seasonal wind and wave regime.

dpift
Nearshore currents and littoralZare to the south during the winter
monthe of northers and - to the north durlng the summer pre-

valling southeasterly winds, {¥Watson, 1972, 15870, 1971, 1974} The
conivergence in the shell beaches area 1g in reallty a net conver-
gence with currents and sediment transport moving throughout the
entire area to the north durdneg the summer and to the zouth during
the winter months. The convergence area 1s the zite of the shell
neaches on Padre YTgland, Shell materisl is transported into the
convergence aresz along with sand by the longshore currents, The
high dune ridpe prevents hurricanes from washing the shell material
inland, whlle the wing is ablie to transport much sand inland into
the interior of Padre Isiand leaving a shell lag deposlt on the
heach. (Watson, 1971).

*his shell lsg deposit forms & beach sediment with a composition
of up to 804 shell material. The highest shell concentrations
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are on the berm and seaward of the berm and decresse markedly
toward the backshore. The shell beaches are characterized by a
much steeper proflile both above and below ML than the sand beaches
to the north and to the south., This iz because beach profile

sloge i dependent upon the pralin size of beach materlals {for

a constant wave climate), {(Bascom 1951), The shell beaches are
composed af g southern shell assemblage znd g northern sheil
assemblage which mix in the convergence arez, The stabllity of

the beaches Iin central Padre Tsland ig dependent upon the hirh
concentration of shell materiazl in the beach sediments.

The terrigencus fraction of the sedlments on Padre and Mustang
Islands slsc shows g sgurce to the south and & source to the
north which mix in the c¢onvergence area (Hayes, 1%£%5, Bullard,
1942}, The southern province consisting of South Padre Island
and up to about ten miles south of Baffin Bay is slightly coarser
than that to the nerth of Baffin Bay.

Quantltative estimates of littoral 4rift transport - Longshore
driff rates can be estimated i good quantitative data exists on
wave helght, perlod and directlon at the surf zone, and duration,
Rates of littoral drift are as follows:

ANNUAL LITTORAL DRIF¥T {Thousands of Yd3}

Site - HNorth Sputh Net Groas
Mustane 342 402 f0-.gouth  TH4
Port 565 17 148 north GE2
Mansfleld
Port Isabel 651 14 172 north 13130

{Watson, 1975; unpub., Watson & Behrens, 1976, Xieslich, 1874}
{Monthly data is avallable.)

Nearshore currents - Nearshore currents tend to be southerly
durling the winter months Cctober through March and northerly
during the swsmer months June through August and sometimes May.
The months April and May and September are transitional between
the winter "norther" regilme and the summer sountheasterly wind
regime. However, drift bottle data shows that reversals to thils
general trend can ccocur in any season due to the existance of

non seasonal winds, ie. an extended period of southeasterly winds
during the winter months. {Watson, and Behrena, 1970).

Climate - Mustang and Padre Islands extend across & very signif—
cant ¢limate variation from an average snnual rainfall of 3
inches at Mustang Island to 26 inches at the Rio Orande. {Megowen,
Garner and Wilkinson, 1977). This results in the exlastance of
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g fay stronger and more dlverse vegetative cover in the Muastang
Island end of the area than in the South Padre Island ares. As

a reguli the southern beaches and dunes have greatey instability
relative to erosion and dune areas do not recover nearly as rapidly
from erosion or loss of vegetative cover.

LONG TERM EROSTION AND DEPOSITION TRENDE

The Texas Bureau of Economie Geology has published data on long
term erosional and accretlonal $rends for the Texas coast, This
data is based on the study of shorelines on vintage maps and for
later dates study of shorelines on aerial photogrsphs., Some data
ls based in identifiable structures such as well heads which were
drilled on the beach and are now in the surf. The data is in
general, probably accurate, however there iz some dispute about

the very hiph rates of hesash erosion reported on South Padre

Island {Personal Communication, Mat Claunch, surveyor, Brownsville)},
There is no doubt, however, that the area Is ercosional,

Mustang Island is aceretionary to stable to erosional at O to B
. ger vear (Brown, et al., 197Th, Morton, 1977, Morten & Pleper,
19773,

Padre Island from the northern end of the Natlonal Seashore to
the scuthern end of the land cut area 1s prodably acceretionary
and 1s definitely stable (Brown et. al., 1974, Morton, 1977,
Morton & Pleper, 1977). This is in the area of the littoral
drift convergence and the greastest sediment supply of any part
£ the Texasz coast, No sediment is lost from this area due to
lengshore transport., This area also has a very high and contlinuous
Poredune ridge which is unbreasched by storm washover channels
for 10 miles (Watson, 1%€8, 1971, 1972).

South Padre Island from the south end of the land ¢ut to Brazos
Santiago Pasg ~ ¥rom the south end of the land cut area to about
five sitles to the north of Mansfield Pass are starved for llttoral
drift materials and are eroding at a rate of as mueh as 10 to 15
ft. per year (Morton & Pleper, 1977). South Padre Island from
Mansfield Pass to Brazoes Santiagoe Paxs 1s erosional at rates

= garyingProm 0 to 5 ft, a vesr in the northern part to 10 to 15
ft. a year further to the seouth., This 1s due Yo loss to the
north by the longshore transport system which 1s starved due to
the longshore drift barrier of Brazos Santiage Pass and 1ts
Jetties. Extensive amounts of sand are alsoc lost inland by wingd
defigtion and storm washover,

Bragos Isiand « Bragzos Island is undergoing & net erosional trend
and has been since 1937 at rates of from 10 to 37 ft. a yeawr,
{Morton, & Fieper, 1975), This is probably due to loss of sand
supply in impoundments on the Ric Grande,
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ACORETION AND BROSION ACH8S

1958-1975% 1860-8B2 to 1975
Aransas Pass to
Yarborough Pass -51% w P38
Yarborough Pass to
Mansfield Pasy BT 3 + 17

Mansfield Pass Lo
Rio Grande -gRh -3604

{Morton, 1977)
SHORT TERM ERGSIGN THENDS {NORTHERS AND EBURRICANES)

Hurricanes can produce massive beach erosion in a very shopt
pericd of time fe,, Carls in 1961 (Hayes, 1965}, Beach and dune
sediments are spoded and transported of'fghore into deeper water
ang washed inland ascross the barreier by storm overwash., Additlon.
2l sediment can be transported offshore as the storm passed and
the bays and lagoons draln hack gseaward scross washover channels,
The sediment which is lost inland durdng these storms is not
raturned to the beach, but the resumptlon of low steepness waves
can refurn much of the sediment washed offshore to the beach,

The balance is made up by sand supplied by onshore and aslongghore
trangport in the vears after the storm, However, on South Padre
Ieland the ares 1s highly erosionsl and the storm losses tend to
he permanent, We have had no signiflcant hurricareercsion since
fella in 1970 and beach erosion by fhat storm was minor. However,
on North Padre and Mustang Islands the besach and part of the
foredunie ridge were eraded. The beach has rebullt, and a new

well vegetated dune has developed in front of the old foredune
ridge and 1z welding on to 1t., A hurricane c¢rossing the coast
eould cause from very little erosion fto massive erosion amounting
to a loss of 100 feet or more of heach and foredune areas, Damage
will be least in the central Padre Island area due to the nearly
continuous, very high and very well stabilized foredune ridge
with few or no breagks Iin 1t., Note that due to the high berm

and hackshore dus to the steep beaches produced by the kigh shell
concentration only the largest storms ever attaclk dune ridge In
thig area and thus 1t 1z abhle to grow stronger and provide
protection of shell material leoss in washovers, This is s posgltive
reinforcement process, Removal of sghell materlsl would lower

the heach and sublect the dunes to more frequent storm wave attack
(¥atson, 1968},

Full mean water levels have an annual oyvele of two highs and
twe lows. Highest water levels ocour in October when gulfl-wide
steric expansion is greatest, and lowest water levels are In
January and February when steric contraction 15 greatest,
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{(Whitaker, 1971}, 4 second high occurs in April and May and

a gecond low In July. These secondary fluctuatlions have no
gorrelations with seasonal harometric pressure or steric effects,
but de correlate qualitatively with winds., The monthly onshore
component of wind iz small due to strong winter storms with
predominantly offshore winds from September to March, has an
annual maximum Iin April, and remalns fairly large from June to
September. Thus April high water levels appear to be due to
Gulf wind set-up (Watson & Behrens, 1976). These geasonal changes
in mean water level will affect the position and elevation of
the berm on the beach, due fo sediment transport by wave actlon,

Effect of Northers - As a front approaches the ares from the
northwest, wind 1g blowing from south fo socutheast. A decrease
in wind speed iz accompanied by 2 swing to the west and noerthe
west, Asg the front passes, the wind shifts t¢ the north or
north-northeast and the speed reaches a maximum (Davis & Fox,
18753, Arrival of a norther causes a reversal In the alengshore
component of wind and thus a reversal of wave approach, Swift
iongshore currents from the northesst rapidly develop., After
pasgage of the frontsl system the wind ghifts to the southeast
and the longshore currents $o the northeast resume. fHigh

energy conditions during northers cause papid seawsrd movement
of the first surf bar, strong longshore currents and few rip
eurrants. During low energy conditlons the bar bullds up and
moves landward. Hip currents develop {Davis & Fox}., This auther
has seen the shorellne temporarily retreat to the edge of the
foredunas, cause minor foredune erosion and plsne the beach to

a8 very gentle slope during strong northers., It is likely that
this condition would be most asevere during a strong norther when
gulf water levels are &t thelr annual high in October., These
affects would be minor on the high elevation shell beaches of
the convergence areas becazuse they are not flooded by northers.
¥t 12 believed that beach erosion by northers i tewgorary and
non-destructive as the material removed 1s stored in the fore-
shore bars and migrates back onshore during the low energy

waves beftween northers and during most of the low snergy summer
months, Thls norther erosion and planation of the beach could
however ercde oll depesits which were Ineorporated Inte the
summer besch bullding phase,

EﬁPECTEﬂ RESULTS OF MODERATE AND HIGH LEVELS
OF REACH ZSEDIMENT REMOVAL RY BEACH CLEANUP
GPERATTIONS

Mustang and North Padre Island . Mustang JTsland and Padre Island
north of the shell beaches are stable and may he accretlonary.
Further they are composed of only one grain size population and
removal of sediment will not affect the character of the beach
sediment or its response to wave action and heach processes, I
helieve that moderate cleanup efforts will pose no hazards to the
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peach., If hesvy or continuous cleanup efforts are used and a
sipnificant guantity of sediment iz removed relative perhaps

to rates of longshore Sransport, then the sediment should
rrobably be replaced with sand of simfisr grain size distribution,
There are abundant local sources for this purpose and many such
are located on federal and state land., TIf the beaches in this
area areé net kKept clean, the oil may become burled in the beach
sediments to be exposed upon normal cyelical eposion due So-
northers., 1T this is deemed to be an excespive hazard to the
fauna and flora and to human usage, regular cleaning may be
advisablie. Unlegs a large amount of sediment is removed, this
will probably cause no long term damage, haowever it would be
best to replace the gand removed with clean sand., Sources for
this sand and methods of dlispersal ¢sn be Investligated 1If that
course of action is chosen.

Convergence area and shell beaches -~ Any removal of coarse shell
material (coarser than the terrigenous sand fraction) in these
beaches could result in & slope inegquilibrium In a high concen-~
tration of course shell material. Most of this coarse shell
material ls concentrated in the dberm and seaward of the berm
{where the oll fouling 1s probably concentrated). Loss of the
shell material might result in flattening of the entlire besch
with drastic seaward transport as wave action adjusts the beach
profile tc be in equilibrium with g finer sediment. This could
result in eventusl wave attack on the stirongest part of the dune
ridge along the Texas coast. There are ne suitable sources for
replacement materisl for beach nourishment 1f the oparse shell
material is removed, Further, many of the shells making up the
beaeh are several thousand years old (watson, 1968} and the shell
beach zceumulation may represent & very cold and slow forming
deposit. ¥ belleve that any removal of this shell material
should be apprgoached with grest caution.

South Padre Island - South Padre Ysland is very unstable with
regard to srosion, - It seems o be eroding repularly due to
loss northward by the littoral drift system and losses inland
due to wind action and storm overwash. Even & small hurricane
will badly overwash Scuth Padre Island, Further, South Padre
Teland 1s very thin, only about 10 feet at Mansfield Pass (Kieslich)
and only abosut 3 %20 5 feet adjizcent o the Arroye Colorads Rico
Grande Holocene delta lobe, with deltale sediment outeropping

on the beach and in the surf zone {personal chservations). 4s a
result, ¥ believe that any sand removed by beach cleanup opera-
tions should be replaced with sediment of similar graln size
composition, Much of the source areas for such sediment are on
private land, but some 1s probably on state or federal land. If
the sediment 1s replaced, I doubt 1f the clesnup operations will
he harmful., Massive sand removal without replenishment ls to

be avolded. I do not believe that sediment removal here will
camuse slope changes asg 1t might In the shell beaches unless 1t
was to result in a graln gize distributlon change in the beach
sediments,
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CONCLUDING REMARKS

It asppears that light and freguent removel of olled sand should
not be harmful to Mustang or North Padre Isisnds.

Light removal on South Padre Island should probably be replenished
due to the erosional nature of those beaches, althouph the only
erosion will probably be due to that carried off in the frucks.
Heavy removal thers must be replaced.

Without evidence to the contrary, ¥ belleve that removal of the
goarse fraction {shells) on the shell rich beaches could cause
an erosional change |§6 low slope beaches which might not be
reversible. Only the minimum amount of shell materlial should
be removed as there 1s no source to replace it and removael will
¢hange the composition of the sédiment.

Very heavy removal from any beach should probably be repléced
with other sedliments of simlilar graln slge composition.
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