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SCOPE OF REPORT

Under Article 1. Scope of Report, the consultant was to

conduct a comprehensive geological and oceanographic
study to determine the past and projected wave energies,
floods ,winds and other natural phenomena in order to
assure· their significance as related to planned con­
struetion~nd planned use of the island by the National
Park Service, and submit to the Contracting Officer the
findings therein ~and recommendations for control thereof,
together with recommendations for the protective design
of planned constructibn facilities •

.On June '27, .1965, Mr. Mike Malik, landscape architect ,National
\~ ,"

Park Service, indicated in a memorandum entitled "Information Desired"

that the report should cover specifically the following topics:

1. Required elevation for the .development (wave and hurricane

curves) •

2. Type of site to select - where possible .- where not possible.

3. ,Wave forces, Re: pile design, stabilized dune design,etc •.
4. Curve to show energy 'loss as wave crosses beach.

5. Typical dune formations. How to· build - How to prevent (BEB).

6. Wind velocity - mean- max. Directions.

7. Ideal cons true tion time'l

8. Road section.

9. Type stabilization required to pro'tect the road from drifting

sands, blowouts, and washouts (cured).

i
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;
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PART I -- SITES AND THEIR PROTECTION

A Site on Dunes Facing the Beach

As a result of the great flood disaster around the shoreline of

the North Sea in Februaryl953, the connnissions of engineers and geolo-

gists who studied the damages concluded that the .best protection against

storm waves and flood was a high,wide beach with a high, well-established

,and unbroken vegetated foredune back of it (C. A•.M. King 1953). Even a

footpath over the top of a dune allowed the flood to breakthrough.

The 1953 disaster, as well as other ~~eriences, shows thaf~ the

dune-beach complex described above gives better protection to the land

behind it and to structures overlooking a beach than seawalls would do.

For the more permanent ~pes of development, therefoFe, a site

overlooking ~nd adjacent to 'a beach should be on top of a dune or a mound

built on and among naturalforedunes.

Because of the distribution in time of marine storms on the Texas

Coast and the variability of the accompanying flood heights and wave

activity, a design construction elevation based on flood-and-wave pro-

babilities should be selected for the construction mOund and for the

floor of any structures built on piling out from Lund toward the

beach.

Hurricanes are almost the only type of major onshore-moving storms

of the Texas Coast. "Northers" (wind storms of advancing cold fronts)

are the main offshore-moving storms.

1-1
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'Construction Mound Overlooking Beach

Such a,mound should 'be developed on a large group of well-

grassed high dunes as compactly 'grouped as can be found. If the dune

summits rise above the'design elevation, the dune group can be leveled

and graded, Fig. 1-1. Additional fill material, if needed, may be taken

from small, unstable dunes of the inner border of the beach, or from

borrow pits or channels dug back of the d\ttles. rtis possible, but un-

likely, that clay or clayey sand will be found on ,the northern part of

the island near the beach. Clay occurs '3 to 8 feet ,down under; some parts

of the' southern part of the island,. Clay underlies an area of undeter-",

mined siz~southof and near'Mansfield Cut. Clay ~t 8 feet below the

surface was' used in the extreme southern part of the island in the

presently developed area south of the Seashore lands.

Construction of access 'roads and other facilities on the plain

back of the foredunes, ,and back of a,projected construction mound, must

( take into account the heights of flood waters that enter the lagoon from

\1 the Gulf or 'develop -in the lagoon itself under northerly w.inds. Return

\ floods may be· destructive of roadLend...br.idg.e.fLbuilt at or below "-flOOd'-
\., levels. -----.-~"'-._--,-~----- , -,..~--------_ .._._.._----,-,---

-'--'-.----_.
DunelessSites

Construction sites desired where there are no dunes will have to

use piling or wholly, artificially constructed mounds. A common way to

obtain elevated construction sites 'on the sand islands of the coast is to

use hydraulic fill in connection with marina channel development. Such

developments 'are best suited to the rear parts of the island. In such

areas the hydraulic fill material may contain·a large percentage of sh'11s.

marl, or clay, any of which materials help to hold sand and keep it from

blowing.

J
'1
j
j

i
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FIG. 1-1

PLAN FOR RESIDENTIAL AREA XI
NORTH DEVELOPMENT SITE, PADRE ISLAND

Main Buildings on construction mound among old foredunes.

Bath houses on piling, inner part of beach.
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Construction sites facing a beach where there are no dunes will

also have to use piling or local fill. Borrow pits mightQe sunk below

watertab1e· (ground-water-1evel) and converted into lakes or ponds.

Foundation Strength in Sand

The writer is not competent to report on and has not been asked

to solve foundation problems. Dry packed sand has great resistance to

vertical pressure" but loose or wet sand has none until a sufficiently

long pile has been sunk in it to develop "refusal" skin friction.
- ~

In moist, .firm sand a 2-inch core barrel" failed to penetrate

more than a few .. inches when a pre~sure of 1,500 pounds was placed on it.

'1-3

Stabilization of Bare Surfaces of Sand During and After Construction

Sand blows with great ease in anything 'but very light winds '~if it

has no cover. A blowout (wind-erosion depression) once started may • if

unchecked, destroy a dune and build a sheet of bare sand back c;>f the

beach-bordering foredunes. The blowout gap in the dune line may' later

become an overwash flood channel ~ with a fan of beach sand washed back of

the foredune. These bare sand sheets in the rear then develop fields ~f

bare migrating seif dunes. See Fig. IV-lj and IV-2c, 2d.

Dune Stabilization by Vegetation and Plantings

Fast-growing, thick-standing native dune grasses in, any near-shore

area are likely to be the best in the initial stabilization of bare areas

because they have been naturally selected for their particular environ-

mental niches under competition. It is difficult to learn the range of

enemies -- climatic and organic -- which will attack exotics. Woody

plants may grow in among the dunes after they have a thick grass cover.
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If it is desired to try exotics, the best practice seems to be,

to stabilize at first with native grasses, meanwhile trying the exotics

in expertmental plots carefully selected as to micro-habitats.

The most successful thickly-growing dune grasses which were used

by the writer in planning the initial sand stabilization in the Isla

Blanca Park of Cameron County on the southern end of Padre Island have

been the local forms of shoreline panicum (new, native spec ies) -and

coastal Bermuda. These grasses are found growing over large areas in

that part of the island. It is a semi-arid maritimecltmate exposed to

wind and salt air.

Methods of vegetational stabilization are covered in a Beach

Erosion Board publication (Davis 1957) but that publication does not
-:roo'";

list the native dune grasses of South Texas, having been written for

humid cltmates, such as those from Florida to the Carolinas.

Mechanized planting buggies are poorly suited to use on hummocky

dunes.

The native sea oats grass grows on high dune summits in fair

profusion but has not been found to bea good, quick-growing, stabil-

izing plant for initial cover.

All the main stabilizing plants native to the Texas foredunes

develop thick networks of roots that extend from the dune surface to and

below the level of the inner surface of the beach. Such a root system

allows dunes bluffed by floods to stand up with near-vertical surfaces.

Where such dunes are removed or partly removed by wave-and-flood action,

their former extent is revealed after the flood by the severed root ends.

These root ends readily sprout again, if only lightly covered by sand,

_providing a stock for the initial grassing of new sand mounds.

1-4
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Sand dunes can be built by thewell-kn.ownmethod of erecting snow
~>

c'·"· :

Building of Sand Dunes
/

'fences or permeable hedges across the main direc·tiori of sand movement,

which is the main dune-forming wind of the season. When the artificially

formed dune has grown to the top of the fence or hedge, it~ust be

covered either direc·tly by grass 'planted (II sprigged in") or by a cover-

sheet (such as shell, hay or a cOtmIlerc·ial mulch of oil or resinous

materials) before or along with grass planting.. To develop a high dune,

additional fences are placed· to the rear of the dune in increasing height

and pr~bablybefore grassing the first dune formed.

·Useof Cane (Arundo donax) for Dune Stabilization

A·meansof stabilizing large area"s· of bare, migratory' dunes 'soo-

cessfully which has been used on a large ranch on the mainland sand-plain

of South Texas' (Armstrong Ranch,KenedyCounty) .is to plant dense hedges

of cane (Georgia orriverbottom cane, Arundo donax) on the down-wind and

flank areas of dunes that have about reached their maximum size and are

only slowly migrating. The hedges are 'planted across the direction of

sand movement, never parallel with it. The details of the process have

not been analyzed in publication and are yet to be worked out in practice

for the Padre Island operations. The cane has been grown .successfully in

sand of the island thi's SUtmIler, but, as yet, it has not been planted in a

pattern adequate to halt a large blowout. The months of June and July

have seen very active blowing of sand this year.

At present, the best use of Georgia cane on Padre Island would

seem to be to plant in the cool months when the strong southerly and

easterly winds are being replaced by the northerly winds of winter. These

winds check the northward and westward movement of sand characteristic of
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the warm months which tends to cut off or smother the cane before it can

attain resistive height and toughness of s~alk. If a substantial hedge

c'an be grown in winter it should persist through the .summer and stabilize

the dune areas on which it is planted.

A cane hedge 'provides protection for the native grasses, whose

seeds may be in the sand and are, in any event, blown about by the wind.

The first such volunteer growth, in Kenedy County, is a "needle grass."

After the terminal and flank areas ares tabil ized , hedges may be grown

to progressively encroach on the main part of the dune •

. In the Kenedy County dune stabilization, planted areas, and the

entire blowout or migratory dune area, are fenced off from cattle. If

the cattle are removed from the S~ashore area, it is likely that the

public will have to be restrained by fencing. Once a cane hedge is well

established, it is highly resistant and the root system becomes so massive

that the cane may be reaped annually. Only complete removal of the roots

seems to kill such a hedge.

In planting, moist, mature (hard) stalks that have budded or

sprouted are cut in maximum lengths and placed horizontally in the

bottom of 6-inch to l2-inch furrows. The furrows are then filled in and

compacted by tamping or driving a tractor wheel over the -fill. Horse

plowing may be better than tractor plowing.

The Davis (1957) report to the Beach Erosion Board indicates that

a large migratory dune or growing blowout must be stabilized across its

up-wind blowout origin before it can be planted down-wind. On Padre

Island, only restoration and stabilization of the foredune will halt the

addition of sand from the beach to a gap in the dune line.

1-6
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It has not been determined how successfully a cane hedge can be

developed facing the beach. Test plantings have been behind theforedune

or-in other somewhat protected areas.

North Development Site

The North Development Site, as "now planned by· the Seashore staff,

lies among the foredunes between about 4.5 and 5.5 miles southwest of

the northern boundary "line of the National Seashore where it comes down

to the beach.

Groups "of well stabilized, thickly grassedforedunesrange back

of the beach with summits from 30-44 feet in elevation (U.S.G.S. msl).

See the follOWing section, "Conversion of Elevations," for explanation

of this elevation p,atum. The groups are ~about 200 to 400 feet in" width

along this frontage, Fig. 1-2.

Between the foredunes and the beach there is a narrow "trough

which separates the old foredunes from a belt of new ones developed

since Hurricane Carla of September II, 1961.The newforedunes have

summits reaching from 20 to 26 feet (U.S.G.S. msl) •
.

The beach along this ftontagerises to about 5 feet (U.S.G.A.

msl) at the feet of the new foredunes.

A gap 100 feet wide cuts through the foredune chain 800 feet

north of Triangulation Station "Rush." The gap runs northwestwardly

from Godley Monument 21. This gap is partly filled by bare sand and

low bare dunes.

Sand from the new foredunes has blown extensively over the old

foredunes in the northern part of the area, which is destined to be the

camping ground. Extensivestatil!zation will be needed in this area.
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FIG. 1-2

FRONT OF OLD, WELL-GRASSED FOREDUNE CHAIN

. NORTH DEVELOPMENT SITE, PADRE ISLAND

Topographic base map from Godley Survey ,1965
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Conversion of Elevations

Surveys in which a determination of stillwater level inside a

,perforated pipe in the water of the Gulf near the beach was made showed

the water level to range from :'"0.8 to ~1 ..1. feet, when tied in at the 'same

hours to Godley -Survey Monuments Nos. 16 and 21 on Padre Island, and to

the tide gauge of the U. S. Coast & Geodetic Survey at the Horace Caldwell

Pier,'lJort-Aransas. TheGod1eyandU. S. C. &G. S. datums seem to agree

closely.

Because of progressive changes in the relative levels of land and

sea during the last 30 years, the mean sealevel for the present 19-year

-
cycle ,is not known here. A new figure will be obtained when the Port

-Aransas tide record for the past 17 years is inspected fora mean value.

If -a true sealevel datum is required for the Seashore Area, the

Port Aransas mean could be determined, ora tide gauge put in and

operated for a series 'of years.

_Most Favorable Season for Construction

Because of the near-tropical climate, outdoor work is done in

any month.

Experience in the Cameron County Park at -the southern end of

Padre Island shows that grasswi11 grow there in sand in any month.

Outdoor labor is done with difficulty during the 2to 4 or 5

days of the duration of strong north winds associated with the advance

of cold fronts of winter.

The period £romJune through September is ,the major season of

hurricanes and tropical cyclones. with the greatest incidence of such

storms in June and September. A few hurricanes have occurred here

late in "May and early "in October.
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Sand moves with the wind dominantly from eaaterlyto southerly

direc tionsdur~g the warm months and dominantly from the north in ·the

colder months of November to February.

Protection of Buildings During Wind Storms

. Measures to protect glass windows and doors against wind include

criss-crossing the glass with tape or covering them with sol.id storm­

shutters and doors. A further protection is ·toremove all.loose boards

and any other light objects ·which might be thrown against buildings by

the wind. This· includes signs, beach paraphernalia and possibly even

storage piles of loose·shell.

In the past, along the Texas coast, wind damage to substantial

st;~ctures has not occurred under winds witn sustained speeds of less

than 90 miles an hour.

Experience in south Texas in the period 1930 - 1950 showed that,

with construction materials then used, wooden shingles stood the wind

better than composition shingles •

.
·Management of Buildings During Hurricanes

A long-time practice of residents of the 'southTexas coast has

been to remain in .their buildings during hurricanes. Water forced in

around windows and doors in large amounts ·should be mopped up. Chimneys

from coal or .wood fires should be strong enough not to burst if filled

with rain water. Rain may be driven through the pores of unglazed brick.

Structural damage is said to be less likely to occur in very high

wind storms ·(over 90 mph) if doors and windows are kept open on the side

·away from the wind at all times. This means closing rear openings and

opening up front ones as the wind slowly shifts around the typical spiral

path of the cyclonic ·storm.

1-9
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PART II -- CLIMATE AND WIND

Semi-Arid Climate of Thornthwaite

_According to the quantitative climatic system of C. W. Thorn-

thwaite(l948), the 'northern end of Padre Island lies near the northern

" limit 'of the semi-arid zone 'at its contact with the dry"sub-humid zone

to the north. The semi-arid zone extends southward into Mexico, the

'southern end of tthe island being in the center of the coastal part of

this zone at its area of maximum aridity along the coast. Further south

,in' Mexico, the' semi-arid zonep,~~ses again' into the t:;'-.opical sub-humid

zone.

The semi-arid climates of the world are noted ~rimarily for

their variability. Thornthwaite's '(1941) climatic atlas shows a high

degree of variability for this coast, ranging from humid with 40 inches

of rainfall to arid with 10 'inches and with droughts of 3 to 7 years •

.' Freezes are ·1 ikely to occur a fewt1.mes in winter, but many years

may lapse without a killing frost -or freeze. Thecol.destyear on record

was 1880, with snow on the ground at Corpus Christi nearly 'all t~e time

in November 'and December.

The maritime belt of the' semi-arid zone along Padre Island halil

moist nights and morning mists. providing much moisture for plants in

addition to the rainfall. This belt is also very windy. Corpus Christi

lies in the center of the most windy zone of the eastern coast -of North

.. America (Dept. Agr •. 1935) .

II-I
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Wind Regime

No· weather stations are maintained on Padre Island, although

some data are available from the Coast Guard stati~ns at 'Port Aransas

and Port Isabel. The weather data for the Corpus Christi Naval Air

Station and the Corpus Christi Weather Bureau Station are used in the

following discussion. The Air Station is on Flour Bluff. The Weather

Bureau Station was on the western shore of Corpus Christi Bay froml870

down to World War 'II , after which .itwas moved to the airport 'which is

now about ,25 miles west of Padre' Island.

Curves of the annual distribution of temperature, rainfall and

wind duration for Corpus Christi drawn by the writer from the Weather

Bureauinl93l (Price 1933), Fig. II-I. shows the monsoonal character

of 'the wind. These curves' are true in general for the region.

The coincidence of the peaks of temperature and rainfall with

those of the onshore winds during the period from April to October'

illustrates the nature 'of the summer "monsoon." The relatively dry

winter, with winds of cold fronts coming from northerly directions

("northers") define the winter "monsoon."

The almost entire absence of Wand SW winds emphasizes the pro-

minence, in duration, .of winds from offshore.

The direction from which·thewind blows longest each day is

called the' "prevailing" wind. Speed is not considered in this term. A

graph of the "prevailing" winds for the Corpus Christi region prepared

by Boker (1956, Fig. 2) is given here; Fig. 11-2. Thus, the "prevailing"

winds blow from SSE for 7 months of the year. Onshore winds "prevail"

for a total of 11 months, according to this diagram.

·11-2
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METEOROLOGICAL DATA FOR CORPUS CHRISTI AREA', _TEXAS
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From Price (1933) , Fig: 5
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The term "prevailing" is' somewhat misleading because it does not

eliminate the winds of low speed; nor does either duration or velocity

alone determine the effectiveness of wind on water., sand, or vegetation.

According to another viewpoint (Dept.Agr •. 1938), onshore winds

are "p;redominant" in the region in every month, considering NE~inds as

onshore. The NE wind is. more nearly 'longshore than onshore in the

northern part of Padre Island , but is directly onshore in the southern

part, Fig .. 11-3. The graph is from Lohse'(1952, Fig. 25).

In dune development, Bagnold (1941) indicates that the "dominant"

(strong) winds are the dune-building ones., while the gentle winds 'are

dune-modifying.

".:'" ,~
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The following discussion of the effectiviness ot w1nd,

in bUilding and modify1ng sand dunes is from Boker (195~,

. 'pp. 21-26, and figs. 3 and 4).
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the transporting power (Q) of the sand-;noving wfnds was cnlcU:lat~d.·

from tho equation Q =N(V-v)3.

; .
.1 I ~
~ . v

Tho total transpo;tingpo..erfor each .; .. : .. ..1·1 \;
wind direction ><as obtainod by~ tho strongths of aU:'a.;';;"obsorv~d:' :: ,., l: ..

from that direction. Tho result~ of all calculations ...oro muit:i.pliod :<::./ :: .. ,I;t .
by 10-6 in order to simplli'ytheir tabulation. The domin~t ..:~ndS?n ',:«';\/:1 :t~

" . I' -".
'the basis of relative transporting power, or 'strength, .~et~e.'N-Nr~E '. r ,1 ~;;

and the SSE-SE Winds' (Tabie '1).' '. . -,.,.,,; ',' ':'; ~;. .1'· ~ ,

Tho vsctor diagram (Fig.4)~proPar..dby c"':'co~ str~l 'Of· .. . .:'1,;q
'.' ,,: ;.. ,", ,. ;. .,.", ! j"

.opposite 'winds, shows th~ resUitant. direction ot' s~d movement as "determ- \ I~: ~ .~'

ined by the predominant winds•..'. This resultant has a" direction '~t S 85ovl.· .::.."Ji~' 'i ~..':'.
Fisld obse1"!~tions and measureme.its on aorial photographsOfdu.n" ridgoo~a :.......•.. , .If:!I(
show that the free-moving, non-vegetated dunes on the island are elonga-.~::~;' .

• .:' : _::..~ :;'. I l-

ed approx1.lDately E-W, which agrees favorably with the dll-ection ot:·y·~~·::·· ..:.. , Ii: ,;.
, elongation as deterna.ned.by the vector diagram. However, the ana1y~i~i.:'f,'::' .1 'lu',;r i"

of the ~elative transporting powers of various wi:nds only takes' into'~. I I·· ;' ... 1. ' :, r.:,
account the ditterences in velocity bet'Ween the winds st~di~d~.'~d th~-r,,, ., . ~ r: :~ ~.

tin10 of yoar thatldnds ·of agivon volocity occUr. ...;d thoamount:"f ::.:. . • . I,·.·,::
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The weather data used in this a~sis also showS' that. during the 'Win- .:. . ' . . .
...

tar n1bnths there is proportionately mOIle moisture on the ground per. daY' ,:., ..,'

than :uring the remaining months.' 'l'hisdoes not ~P1y·tlu1.t ~o~·~t~~M·;·,.:j:.·
, . .... .'" .' ~",' ,':1<>.: .. ::" :

\rlill not blow, for it does, but the actual amount o£ sand movem~n~:, ::·h.'· :' .. ::.
. , . . '-;/ .' ::....:: ..; .. :.- ',"

I'\ccurring "':ith a ldnd or given velocity riJAy be less' when the sand is.< <):.'.\ ..
. .', .,-- - • ~ . - ",." ~.': \ ::~~.;-:.~~:>.-..;.:.~.\:\~~~~-... \',

jist than\rlhen it isdzj; In vie\rl.o£ the tact that the actual"; ";. :;"'x~ ;:'.. : .
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Rclntivo transporting pouel' of wInds at CorpuG Chris.ti Naval Air Station during the period
l1arch 1945-Docembcr 1951~ '. , .: ~.'. ". '
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Rain

The area in which Padre Island lies averages about -27 inches a

year of rain; snow and hail being negligible in amounts and -s~ldom occur-

ring. There are two annual- peaks of rainfall, in -May and September,

Fig ..11~l.. The May rains occur as the sun migrates-northward over the

equator and reflect ina lesser extent the heavy tropical May rains of

the Gulf coast of Mexico in -the Tampico-Veracruz region.

The September rain maximum depends on the occurrence of hurri-

canes and lesser tropical cyclones. This rainy peak is as variable as

-the -incidence of hurricanes) Fig. 111-1, and the tropical storms of l~ss

intensity which occur in both the "hurricane rich" and "hurricane poor"

cycles (to be described).

Some rain is scattered through the fall-to-spring period, coming

with the advance of cold fronts, although many "northers" are -"dry."

Dune Moisture

The- large -amount of moisture -available to -Padre Island plants

from: night air and morning- mists -has -not been measured.

1n- sand dunes on Padre Island, there is a zone Qf capillary

- moisture 6inche~ be~ow -surfaces of -sand which have been -stable for a

number of days. This zone does npt -yield wells. -Such a capillary

-moisture zone supplies drinking water for Au~tralian-aborigines by

sucking the water out of the ground. -This moisture -seems to be an in-

ternal precipitation on cool sand grains below -the surficial zone of

hot to warm sand. This is a phenomenon known in South Ameridan deserts.

It is a feature of soil climate which seems not to have been discussed

in dune literature. This moisture seems to be what permits the vege-

tation in porous sandy soils to thrive as well as it does ina semi-

11-8
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arid climate under strong, dry, hot -winds of daytime and a nearly -vertical

sun.

Ground Water

Ground water that will flow 'into wells occurs at depths ofS to 6

feet under the surface of Padre Island back of the beach-and east of the

lagoonal tidal flats. The top of this wat~r body is called the water

table.

It is reported that there is only a thin layer of fresh tore-

latively -fresh water -resting on more brackish waters, but the writer has

no specific data on this subject.

Ott some sand islands, such ground water -may descend many feet

belo..w.·surface, limited by. ,lenses of marly or clayey sediments.
~~ ~~" .."
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PART III -- PERIODICITY'OFTEXAS'HURRICANES

Records· Used

The ·records. used include those of the following sources in -the

order of dependence: .Price 1956; Tannehil1·1956; Ludlum 1963; ';Corpus

Christi Weather BUreau Records for 1956-1964.

Only those tropical cyclones are included in the data which

crossed th~ Texas shoreline with wind speeds greater than 74 mp~or

I
I
I
I
I

otherwise caused hurricane -conditions on some'part 'of the 'texasc-oaj)t.

The lesser tropical cyclones are not included because, in nearly

all cases, their winds., waves and floods should not create conditions

critical for the Padre Island Seashore and its operations , except as

rain and tne threat of intensification of the storm may'do so.

Period Considered

In the 136 years from 1829 to 1964, 59 hurricanes are ·listed

reliably as having visited the coast of Texas in the sense defined

above. The.overal1 incidence was one hurricane every'2,3 years along

some 400 miles of coast. The records for this period ar~ adequate. for

the purpose of making curves of incidence and probability.

Common Width of Hurricane Front

One-fourth of the shoreline of Texas, or rough1y'100 miles, is

taken here as the characteristic hurricane front for statistical pur-

poses. Bo th wider and narrower hurr icane fron ts have developed here.

For a front of 100 miles a factor of 4 is used, so that the overall

incidence given above becomes one hurr icaneevery 9. 2 years.

111-1
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-- Cyclic Periodicity

The data assembled show that the hurricanes which affected the

Texas coast as here restricted have had a marked ~yc1ic f1uc-tuation in

-numbers per cycle. The cycle is 17 years with a raugeof from 8 to 28

years •.Others, viewing weather on a larger scale, find weather cycles

of 20 years average, and some have found a relationship between hurri-

cane cycles and the sunspot cycles of 11 years. The cycles defined here

occur within cycles based on data of wider scope.

-- Analysis of Hurricane Periodicity

The writer has previously designated the Texas cycles (Price 1956)

as a1ternate~y "rich" and "poor"in hurricanes. Table 111-1 gives the

basic data which are plotted on curves a and b of.Fig, III-I.
~~~ ." - -

TABLE 111-1

CYCLES OF HURRICANE OCCURRENCE, TEXAS COAST, 1829-1964

Y, years ;H, hurricanes; y /h, average inter-hurricane period.



FIG. III-1

CYCLIC OCCURRENCE "OF TEXAS HIJRRICANES, 1829-1964

Graph A (Above). Average 'numberso.fyearsbetween hurricanes.

4"Hurricane rich" cycles, 0-1. 7 year intervals (ave. 1.35 'yrs.).

4 "Hurricane 'poor" cycles (last incomplete), 5.3-8.0 year

intervals (ave. of2, 6~6 yrs.).

Graph B .(Below). Total numbers of hurricanes pe:r cycle.

4 "Hurricane rich" cycles, 8-26 yrs. long (ave. 17 yrs.)

had 6-21 storms ·~ave•. 12.25 each).

4 "Hurricane .poor" cycles :~last incomplete), 9-28' yrs. long

(ave. 17 yrs.), had 0-5 s.torms, 3 (including incomplete

cycle) 'had ave. of 3. 3 each ..
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Seven completed cycles (1829-1936) spanned 108 years and had 57

hurricanes.. The cycles ranged from 8 to 28- years, ~~ear9

Hurricane occurrence ranged from 0 to 21 per cycle.. The total number ,of

hurricanes was 59, in that period, averaging 3.4 per cycle.

The present incomplete cycle (as of July -26, 1965)- has extended

from 1937 through 1964 and a part of 1965, or 28 and a fraction year-so

Although the number of hurricanes since 1936 is withi.xl the range of "rich"

occurrence,. the hurricanes per period were few. A number of other hurri-

canes entered the Gulf of Mexico, especially in the period 1954 and 1961 ,

so that the Gulf itself had a "rich" period•.

. The averages of Table III-l show that a "hurricane rich" period

is eharacteriZedbY~sper~~occUrring at a rate of one
.:.....-:- ". ~.

everyl.3 years; and that a "hurricane poor" cycle is characterized by

2.5 hurricanes per cycle occurring at a rate of one every 4.7 yea7;S.

The variability is too great for predictions to be made success-

fully for anyone year or small number of years. However, ona statistical

basis, the cycles average out remarkably evenly •

.
Three Hurricane Aspects

There are three aspects of the occurrence of hurricanes: :(a) wind

velocity,.(b) threat as to point of landfall and amount of damage, and (c)

flooding. These will be discussed below.

Wind Damage

Wind damage to buildings, except for weak structures, has been

restricted here to storms with wind speeds over 90 mph. Some vegetation

is damaged and leaves dehydrated and "burned" by hurricane winds, espe-

cially above 90 mph. Roofs should be smooth and simple; ornate projections

111-3
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and false fronts extending above the roof line are especially vulnerable.

How -well overhanging· eaves 'and newty.pes of roof design -and support will

stand up in very high winds has not been well testf;!d here.

The worst wind damage in previous Gulf hurricanes has been from

tornadoes.. These have occurred with hurricanes at Galveston, Palacios

and Harlingen. The winds of a hurricane. blow in a spiral path about the

eye, blowing counter clockwise in the northern hemisphere.

Threat to the Coast Line, and Hurricane Paths

The path ofa hurricane is controlled by the larger air masses

and pressure cells of the areas ·to the north and west of the initial

paths, The path is commonly northwesterly to westerly.

Hurricanes originating in the Caribbean and ent~ing the Gulf

follow-in general two types of path: a path curving to the NW and N, and

one passing straight through the Gulf to the W or WNW with local depar-

tures back and forth •. A minor percentage of these Caribbean storms

recurve to the SW to strike southern Texas or northeastern Mexico (Price

1956). A few hurricanes originate in the Gulf, but are seldom severe,

Hurricanes of exceptional paths ._- reversals of direction, tooped

paths, and persistence over land --are discussed by Tannehill (1956).

Aids to Hurricane Path Prediction for Isolated Observers

If, during the hurricane season, the surface of the Gulf rises

more rapidly than the normal tide or rises when the normal tide would be

falling, it indicates that a hurricane may be approaching. The hurricane

surge (flood) may run ahead of the eye by 3 or 4 days. This surge moves

out from the eye in the direc tion of its progress and mainly to the

right of the path. Low water may develop on the coast at some distance

111 ..4
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to the left of the path. The strongest winds and greatest damage occur

to the right of the path.

The hurricane surge may rise quite rapidly., in .some cases 5 feet

in an hour or two. Persons on low land may wade through 2 or 3 feet of

water 'but cannot do so effectively in 5 feet.

To aid in locating the general direction of. the eye from a point

of observation, the observer faces the wind and extends his right arm

out. sideways along the line of his shoulders. The hand will then point

in the dir.ec tion of the eye.

A "hurricane top" is 'a transparency on which a counter-clockwise

spiral has been drawn. Asa hurricane approaches a coast this "top" may

be placed on a map with its center in the approximate position of the

hurricane eye and the spiral adjusted so that the existing wind direction

agrees with "the spiral path. If the "top" is then moved inland across

the map, the spiral arms will indicate the probable-changes indirection

of the wind. With a little practice, quitagood results may -be obtained,

and a change in the curvature of the path detected soon after it occurs.•

Tannehill (1956, Fig. 50) shows the-distrib1;1tion of winds in a typical

hurricane. This c-irculation diagram isa form of "hurricane top ."

'111-5
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History of Flooding Across Padre Island

In 1956 the writer (Pricel956) compiled data on reports of flood-

ing across Padre Island adding floods that probably passed over the island,

judging from the nature of the storm and its path. These data have been

reviewed and others added to produce Table 111-2. Many of the elevations

given are estimates and some others are of somewhat uncertain sealevel

datum.
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TABLE 111-2. SUMMARY OF FLOOD DATA FOR 400 MILES OF TEXAS COAST

NORTH DEVELO~NT SITE 1900-1964

PADRE ISLAND

Gulf Shore
Flood MSL Date & Storm (Hurricane or Tronical Cyclone)
Feet Feet
Rept. Year Landfall and Remarks (All figs. are for stillwater
or Group level)

Est. Avg.

15 15 1900 Galveston disaster storm (only one with Gulf Flood
at 15 ft. ' Others with 15 ft. are in bays, with

(1 storm) lower flood elevations at Gulf shoreline).

12+ 1915 Landfall at Freeport, est. 12+
'(Galveston reported 12 ft.)

-.
11.5 1919 Landfall south of Corpus Christi.

Port Aransas. 11.5
*(4 storms) Corpus Christi disaster storm.

-,
11.5 1949 Freepor t, landfall.

,

12.2 12 1961 Port O'Connor, HURRICANE CARLA, landfall.

10+ 1909 Velasco '(Freeport) (Galveston reported 10 ft.)

lO"±' 1916 Padre Island, Northern (driftwood logs at 12 ft.
. (4 storms) on western shore, central Laguna Madre).

lQ"±' 1933 Sept. 5 Padre Island, Northern (est.)

9"! lOt 1945 Padre Island. Northern (est.)

6-7± + 1902, 1908, 1910, 1912, 1913 Padre Island (est.) ;6.5-
1934 Rockport.

(6 storms'

3.5 -.
5.0 + 1933, Aug. 5; 1950; 1951; 1955; 1957; 1933, June 6.4.2-

(] storms) I Elevations are estimates for Padre Island.

* Tannehill's report of 16 feet at Corpus Christi was from a
news report of the height of trash washed up on a clock on a
bank building.



case of the hurricane incidence data of Tables 111-1 and 111-2. The choice
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400-MILE COASTLINE, TEXAS, 1900-1964, FLOOD MAXIMA

TABLE 111-3 -- HURRICANE FLOOD PROBABILITY 'DATA

Table 111-3 use~ the data of Table 111-2 to obtain probability

The storms of TableI1I-3 either actually crossed the shoreline

In Table 111-3, the data of Columns 4, 5 and 6 have been reduced

Elevations are for stillwater

'Flood Probability Curve

estimates.•

NUMBER OF NUMBER OF
FLOOD .. 'STORMS 'NUMBER'O~ STORMS "YEARS

HEIGHTS For Each Height Per 100 Mile Sec r For One Oc-
400. Mile Coast currence

Mean 65 Years 65 Years 100 Yrs.. Cale'd Used

15 15 1 0.25 0.385 250 125

12 ll._~ 4 1.0 1.539 66 3.3
l2~2

-.-.'

10 9+ 4 1.0 1.539 66 33
10+

6.5 6.0 6 1.5 2.308 45 22
7;

4.2 3.5 6 1.5 2.308 45 22
5.0 21

Column Nos.

(1) (2) (3) (4) (5) (6) ( 7) (8)

of Texas or affected the Texas coast with hurricane conditions , as in the

of storms used accounts in part for differences in estimates and histories

of other writers and from this writer' s1956 estimates.

by the factor of 4 to apply to 100 miles of coast, only. The number of
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years for an occurrence of a flood ata given elevation shown in Column

7'isreduced by a factorof2, to give the figures of Column 8. This re-

duction 'is made because of the imprecise nature of.many flood reports

and estimates.

The data of Table III-3 are used to draw a probability curve,

Fig. III-2. The time curve is a solid line representing years from date.

The broken lines are vertical or height 'uncertainty curves. A vertical

uncertainty of 1.5 feet is added for theI25-year, . IS-foot flood, to in-

dicate the daily tidal range. A seasonal range-of ± 0.5 foot could be

considered here also. The seasonal tide is low in February and in July

and August. It is high in May and November.

For the less frequent flood heights of from 10 to 12 feet, a

"" greater range height uncertainty is shown because many reports of flood

heights are not precise. Some such uncertainties come from flood data

in which the height is given in feet above the predicted tide without

the predicted figure having been "ascertained.

Tornadoes and Harm1ess(?) Twisters

Destructive tornadoes occur in southern Texas in two ways: (1)

associated with advancing cold fronts from the north "and ·with "line

storms ," and (2) during some hurricanes and close to the eye or, at

times," somewhat removed from it. Narrow, vertical, seemingly non-

destructive cyclonic circulation pipes form in the air in large numbers

on some hot days over the so-called Sand Plain of the mainland west of

Corpus Christi, but have not been reported over Padre Island. As many

as 8 or 10 may be seen in the sky at once on some days. They extend

a thousand or more feet aboveground. The'writer has learned of no

III-8
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FIG. 111-2

HURRICANE FLOOD PROBABILIn CURVE

PER 100-MILE SECTOR, TEXAS COAST

r

This precaution is indicated because~some flood reports

are not clear 'as to the'elevation,and elevation datums

are at present in some confusion along world coasts.

Year Curve. Solid line, ,probability of floods (stillwater levels)

of indicated heights above mean 'sealevel, if data used

are'accepted at face value.

,Vertical Uncertainty Curve. At 125 years and 15 feet,. a flood

will have the normal tidal range of 1.5 ,feet imposed

on it as an oscillation during 2,4 hours.

At 33 to 35 years, a total vertical uncertainty range

of 3 feet is shown for the storms with stillwater ele­

vations of 10 to 12 feet, the uncertainty range being

from 9.0 to 12.25 feet.
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damage from these narrow "twisters." They occasionally touch ground

and instantly become black from top to bottom. They cause some of

the·stronger·"dust devils."

The coast of south Texas· lies in the area of fewest tornadoes for

'the state. There seems to be no record of a destructive, tornado· as far

southeast as Corpus Christi, except during hurricanes of the Rio Grande

delta area in the 1930-40 decade. A few minor tornadoes in the last few

'years have done a small amount of damage to barns and light buildings

about -10 to 15 miles west of the Corpus Christi waterfront a~d north 'of

Highway 44.

.~-..
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PARTIV-- FORMS OF DUNES AND DRIFTS OF SAND
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Moving, wind-driven sand accumulates in unstable, partly stable

and stable forms.

The most stable dunes develop in the presence of vegetation and

are held in place by a vegetative cover • The density of the vegetative

cover-and the development of a dense network of roots extending to and

below the base of the dune-enable it to resist erosion by wind and water.

The foredune, Fig. IV-Ia, is the initial form of the stabilized dunes of

Padre Island. A foredune is a linear succession of hummocks -"'lind saddles

some of which may be blowout gaps. Foredunes have _been calledusource-

bordering" 'lee dunes. They will form along the lee side of any large

disturbed area or belt of sand if given time. Erosion of foredunes may

leave scattered remnants as isolated vegetated mounds.

The more temporary, mutable forms of dunes are the free migratory

dunes. These accumulate because sand grains are moved for relatively

short distances -at a time" some grains settling on the ground from the

air and rolling grains coming to rest on the first. Such bare accumu-

lations are vulnerable to the winds that built them and may either blow

away entirely or slowly migrate with the wind. Individual grains pass

on down-wind, but the form remains, like an oscillatory water wave.

Under the climate and sand-supply conditions of a region, its

sand dunes have characteristic maximum dimensions.

IV-l
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. FIG. IV-I. FORMS 'OF DUNES AND DRIFTS OF SAND, PADRE ISLAND •

•Arrows showdirec tionsof movement of winds.•

.!!.. Foredune chain. FF' ,map. Vegetated, stabilized 0-': partly 'so .'!"

• • o·

a succession of knobs and saddles, often With-gaps.

b. Shrub-coppice dune, SC,profile. A drift loosely held by buneb

vegetation, subject to very slow migration in directiou

of tail , T.

-£. Seif(longitudinal) dune, SS' ,map. Pointed down-wind; blunt

up-wind; slip face~ ·SF, on·side away from seasonal flank

wind. ·Migrates in sunnner to N, and returns (to S) in

winter. Net migration down-wind.
',:.. ,-.

d, e. Solid-obstacle drifts, d, p:r;ofile; e, map. O,oqstacle;

H, hood-shaped d-,:ift with slip face; T, tail. Hood in e

has closed sunnnit contour. Non-migratory.

1. Drift to leeward of 'gapbetween obstacles, map. 0, twin ob-

stacles; BOF, blowout fan with tail. Non-migratory.

A. Drift with openwork fence or hedge, FE; profile. DR, drifts.

Non-migratory •

.h. Barchan (crescent) dune, B, map. SF, slip :face; HN, HN', hornB.

M;i.grates •

.~. Dense cane hedge arresting migratory dune, profile. DR, drift.

1. ·Blowout fan developed to leeward of foredune gap, map. FF', fore-

dune chain; BO, blowout in gap; BOF, blowout fan; TDF,

transverse or seif dune field on fan; SF, slip face.

BOF on Padre commonly shorter and broader in proportion

to' foredunes.
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IV-2

'The bare migratory dunes of Padre Island are moderate in size.

They'include the crescentic barchan, Fig. IV-Ib, the transverse dune

and the longitudinal or seif dune. The latter is c'ommon here. The

, barchan and transverse dune ridge occur mainly on the flanks of the

deserts,. On Padre Island, the barchan and transverse dune are tempo-

rary. Newly formed transverse dunes standing alone or in fields of

the same type are low and temporary, passing into the seif if they

remain through the year. They are ridges' elongated perpendicular to

the :wind and, like the seif, have slip facesatong their down-wind

flanks. Transverse dunes crossing seif dunes 'will be discussed in

connection with seif fields, Page IV-6.

Lesser accumulations of bare sand include long, narrow, low

stripes formed on bare surfaces in the direction of wind travel where

sand is moving rapidly in the wind in relatively small amounts. Such

str ipes extend down-wind from the ends 0 f seif ridges or stand alone

on the moist lagoon-border tide-flats. Their directions indicate the

direction of the wind that formed them. They are temporary , being

destroyed by wind and tide.

Drifts

The term "drift" is given to accumulations of sand caused by and

held in place by the protection of obstacles. The forms will be de-

scribed below, Figs. IV-I, d-g, i.,

Dunes of the Inner Border of the Beach

The inner parts of the beach above the inter-tidal and swasn-

and-run-up zone become covered with loose, dry, bare sand that accumu-

lates into drifts, mounds and low dunes on its way to form the stabilized,
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non-migrating foredune -chain, Fig. IV-Ia. The latter is the line or belt

of high, gras~ dunes that overlook the beach.

The drifts , mounds and low dunes are migratory but become loosely

held by specialized "loose-sand" plants, including vines and grasses. As

these mounds grow in height and bulk, the tall sea oats-and shorter -grasses

of the high dunes gradually stabilize them. This final stabilization takes

-place during periods when an excess of sand is not-blown against and

smothering the plants.

Formation of a ForeduneChain. a Vegetated, Non-Migratory Dune Ridge

On Padre Island, the growth of a foredune seems to have begun with

a storm-buil t beach ridge of bare sand raised by the waves along. the inner

border of th~~1;>each. It develops to an elevation slightly less than that

of the -stillwater level of the flood. _ Sand from the beach blows up on

this beach ridge and may remain loosely held for many years. This pro-

cess was observed by "the writer in- the weeks immediately following the

-erosion of the beach zone and foredunes by Hurricane-Carla of September,

.1961. Old beach ridges containing· shells have been exposed beneath the

old foredunes of Padre Island when a drought permitted the wind to destroy

sections Qf it (Fisk 1959, Fig. 5c).

The beach ridge of Hurricane Carla was nearly 9 feet high, In a

few weeks it had been raised by windblown sand in places to 12 feet. The

summits now reach 15 to 20 feet above the inner border of the beach but

are not yet stabilized. The older well-grassed foredune was bluffed by

the 1961 storm. Its grassy summits now rise 20 to 37 feet above the

beach. Its eastern foot is outlined in the North Development Area on

the map, Fig. 1-2.



entire dune, making gap in ·foredune chain.

ponds; SDF, seif-dune field developed on washoverfanc,

in rear of island toward lagoon, map, 55:. Gulf· shore-

c-
,.~ . .-

r'

kills veg~on

but not shown); LL', lagoon shoreline, scalloped.

line. OC, overwash channel in gap in foredune, FF'; WF,

washover .fan with channel network (cross chan;~ls occur,

FIG. IV-2. SOME ADDITIONAL DUNE EVOLUTIONS
Arrows show directions of movement of wind,s •

b. .Same, later. Wind eroding' bare flank is des tined to remove

c. Overwashof Gulf flow through gap forms washover fan of sand

d. Same area later, map.OC ,shortened by sand fillings,leaving

. a. .Foredune,profile'. Rapid addition of wind-blown 'sand on flank

three ranks 'of seifs being shown; dune field migrates

into lagoon. Seifsare usually crossed diagonally by

transverse dunes- perpendicular to·SEwinds.
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Barchan Dune

This crescentic dune, Fig. IV-lh, is 10w--2 to 3 feet high--and

short-lived on Padre 'Island because it is built and maintained by wind

which does not vary in general direc tion. As the wind ·shifts, the

barchan becomes asymmetrical, passes into or joins 'another dune form,

or is eroded away.

The barchan develops from any low mound of sand when the wind

smooths its front and builds a pair of horns projecting from its flanks.

The horns point, down-wind, moving faster than the mound. Sand may stream

from the horns 'and over the summit, also sliding down the inner face ,__

slip face-- of the mound at points where the latter grows too high to

support itself.

" ; .....~

Small barchansmigrate relatively rap-idly and here connnonly join

a larger dune, including the foredune or the seif dune.

Shrub-Coppice Mound or Dune

, Clumps of grass that grow on a drift, mound or dune collect

moving sand and hold it in loose stabilization, .Fig. IV-lb. The dune
,

slowly migrates downwind as erosion kills the plants up"wind,and new

grass grows on .the' summit down-wind from the first growth. A long tail

of sand streams to leeward from the summit of the coppice-mound.

Seif (Longitudinal) Dune

Fig. IV-Ic shows,theseif-(Arabian, .sword) or longitudinal dune

as 'a ridge which is broad and blunt down-wind and narrowly pointed up-

wind. On Padre Island theseif ridges 'attain lengths of 0.75 mile and

point westwardly in the direction of the resultant of the dune-building

winds of the year, Fig. 11-5. The direction of seif elongation varies'

by 50 to 100 from due west.

IV-4
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For a dune ridge to become elongated in the direction of the

annual resultant wind, it must receive sand from a widespread of

directions, as in Figs. 11-2, II-5. The flank longshore winds nurture

the seif and the onshore components of these and the east wind deter-

mine its elongation. Movement under a flank wind results in the

development of slip faces on the opposite, leeward, side. Summits

develop here and there along the ridge and sand from each summit slumps

down to form a slip face. Each slip face ends toward the west in'a

small barb, each such element being like a barchan. Asymmetrical

small barchanson Padre Island take the form of the seif.

In winter, northerly winds smooth over the slip faces of summer

and develop small slip faces along the upper part of the southern flank.

Because the total duration of the northerly winds is shorter than that

of the winds of the warm months, the south-flank slip -faces are commonly

smaller than the north-flank ones.

A seif migrates slowly down-wind at an average rate -- for the

past 30 years -- of about 88 feet a year. The flanks move back and

forth by about 25 to 30 feet from a summ~rto the winter and to tq.e next

summer. The amounts of thisnorth-and-south movement are shown by beveled

flanklamtnae of the dune base, the more resistant ridges standing up ~

fraction of a centimeter above the ground across which the dune hasre-

treated. The westward migration is shown by comparing successive

aerial photographs and by the retreat of the blunt east ends relative to

roads and other landmarks.

The free play of the yearly winds is needed to develop theseif

dune. It does not seem to form close behind the foredunes, but further

out on the plain to the west.

IV-5
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Seif Dune Fields

A seif ridge does 'notstand alone. Like other bare, migratory

dunes of broad surfaces of sand, the 'seif forms in.multiple. The indi-

vidual ridges here point westward, and are separated by swales parallel

with the dune ridges and of about the same width as the d~nes, from

bottom of swale to summit or ridge. The development of seif fields is

shown in Figs. IV-Ij and IV-2.

Because theseif is the product of all the sand-moving winds of

the year, its form is mutable in detail. Most vertical aerial photo-

graphs of Padre "Island show ~hat the southeast wind, the main wind of

the long period of warm weather, has imposed transverse dunes on the

longitudinal seif dunes. This has formed a lacy, diagonal network of

major seifs and minor, but prominent, transverse dunes. Here, the trans-

verse dunes are not perpendicular to the all-year resultant wind, but only

to the warm-period resultant, Fig. 11-4. The details of the network vary

with the seasons of active sand movement, but the general pattern seems

to have remained for many years on most "parts of the island.

Northward from about 260 50' N. Lat. along Padre Island, ·seif

fields develop mainly in a single rank. Southward from this parallel ,

theseif fields may form in double or triple ranks. Fig. IV-2dshows a

triple';"rank field in diagram. The ranks are separated by"N-S clear lanes

(gassis of the Sahara) about 1,000 to 1,500 feet wide in typical examples.

The clear lanes are shallow troughs.

North of 260 50', the trend of the island is such that after 0.3

to 0.9 mile an established clear lane threatens to intersect theseifs

to the north, but is unable to do so. A second length of clear lane

then develops to the east about 0.3 to 0.4 mile and runJ again north.



This offsetting makes the eastern front of the ·seif field jagged. The

troughs along the east side of the seif dune fields run dominantly North

10
0

West. A few go North 50 East. North of N. 260 50' W. the island

trendsNE. South of this line the island trends SEe Thus, in the

.southern part of the island the troughs trend parallel to the island,

whereas in the northern part the troughs trend at an angle with the

island. This latter condition makes the troughs run diagonally across

the island while the east front·of the dune field runs parallel to the

island. This conflict in direction seems to explain the offsetting of

the east front of the seif dune field in the northern part of the island.

In the· same way , in the southern part of the island the troughs run

parallel with the shoreline and, consequently, parallel with the fronts

o~f the seif dune fields~ Thus, in the southern part of the island there

are no appreciable offsets in the fronts of the dune fields. These

statements are based on the dune fields lying at approximately the same

·distances from the shoreline all along the island.

Along the east flank of theseiffield, there is nearly every-

where one of ~he shallow, bare-bottomed erosional troughs discussed,

which are about 200 to 500 feet wide. It seems to develop because the

blunt east ends of the seif deflect the wind to the north. These troughs

hold water after rains and in some places long, narrow and shallow oval

basins, somewhat wider than 500 feet, have developed along them.

The eastern sides of the troughs of the seif field receive sand

from the north and northwest in winter. This sand accumulates in the

east-side marginal vegetation of the trough to form a low, lqosely

stabilized ridge. This is a miniature source-bordering lee ridge, but

not high enough or hummocky enough to be called a dune.

.IV-7
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Dune Evolutions

As sand is blown inland from the dry part of the beach, it accu-

mulates in different forms, including dunes, drifts,. sheets and stripes.

A grain may pass through or over each of several of these forms before

being stabilized by vegetation or being blown or washed into the lagoon.

The complex "corduroy pattern" of sand ridges 'left by a migrating

seif dune field will be discussed.

It has been noted that barchans are among the first free, migratory

'dunes formed and that they join other dunes, losing their identities. Fig.

IV-la and lb show how a blowout on the face of a foredune may destroy the

dune and, with Fig. IV-lj and IV-2, how a succession of erosional and ,de-

positional forms may develop in and back of the gap formed in the foredune

by the blowout.

An Intact Foredune Chain As a Conservation Structure

Studies of Padre Island over a number of years, with the aid of suc-

cessive aerial photographs, .show that foredune gaps permit the spreading

out of bare sand on the grassy plain of the island, the destruction of the

grass, and the development of large seif dune fields· which move slowly off

into the lagoon.

Asa part of the migration of the dune-forms into the lagoon, much

sand passes over the dunes and adds to the filling of the water body.

'If the foredune is kept intact and its gaps closed, the inner and

rear parts of the island should eventually regain their grass cover and

prevent further filling of the lagoon with wind-blown sand and washover

fan deposits.

The scarcity of dune fields in some southern sectors of the island

seems to be due to the stabilizing influence of the large content of shells

and shell fragments in the sand of the beach in those areas.



the rear of the island.

-small and large examples. To the rear of the obstacle, there is a sand

left mounds of sand behind. The growth of the offset pattern while the

·IV-9
('"--

Drifts Formed by Sand-Stream Obstacles

With two solid obstacles separated by a moderately wide gap, two_

CorduroySand-Ridge-and-Trough Pattern of Seif Migration on Padre Island

west between the aerial photographs of 1934 and 19~4. Where the 'seif fields

Where the east-flank troughs of the ·seif fields were offset, the

have migrated to the west across the interior plain of Padre Island, they

have left'a succession of N-S, former east-margin troughs with their lightly

stabilized east-side sand ridges. This alternation produces a pattern of

low ridges and depressions which may be called a corduroy pattern.

Sand accumulates against and in the lee of obstacles. - Solid ob-

The 'seif fields of northern Padre Island migrated a half-mile to the

the drift forming to leeward of a gap in a foredune.

field of dunes migrated, left behind E-W cross ridges which interrupt the

stacles, asa post or building, tend to cause sand grains to bounce back

and accumulate on the up-wind side ina crescentic form, with a slip ,face

immediately in front of the obstacle, Fig. IV-ld, Ie. Thiscrescentic

and obstacle, keeping the depression open. The hood develops in both

drift is here called a "hood." Wind _forms eddies between the slip face

hoods and an oval sand sheet, shown in Fig. IV-If, develop. On a large

scale, the drift sheet takes the form shown diagrammati~ally in Fig. IV-lj,

ridges. They tend to connect the foredune chain withtheseif fields of

projecting angles of the blunt ends of theseif have in some obscure manner

"tail" pointing down ·wind.

corduroy ridging. These cross-ridges have become hmnmocky stabilized .dune



drifting sand, if the dimensions of hedge and drift are in scale, and the

sizeable drift on each side across the 'path,of the wind, ,as in Fig. IV-lg.

hedge is planted transverse to the direction 'of summer-time sand migration.

IV-10
(,

An openwork obstacle, asa fence or openwork hedge, develops a

Armstrong Rancp, Kenedy County.

J

This ckne can be used to stabilize the terminal and lateral parts

Georgia cane (riverbottom cane, Arundo donax) has been used on

-Grasses

Where the cane hedge is dense, it seems to stop the sand entirely

This cane has joints at short intervals of an inch or -two to

A dense hedge, such asa hedge of cane (Arundo donaxspecies), may stop

Bare. Migratory Sand Dunes Stabilized by Cane Hedge and Volunteer

several inches. It develops dense hedgeslO to,:'15 feet tall. A hedge

was restored Aom the roots -(after having been cut down) to a height of
i

5 to 6 feet in 6 months of fall, winter and spring. This hedge grows at

the source of sand supply, Fig. IV-lj.

Staples 'Street' and Lexington Avenue, Corpus Christi.

'south Texas sandy'land to stabilize large bare, migratory 'dunes on the

the protection of the hedge. The use of this cane an Padre Island is in

fore it attains maximum height and density. Native grasses sprout in

the ~xperimental stage.

if the hedge is planted at a sufficient distance from the blowout 'area,

,
of a large dune, if the sand daesnot move too rapi~ly into the hedge be-



PART 'V -- BEACH PROFILE AND WAVE ENERGY DATA

Beach Profiles

Blankenship (1952) studied changes in beach profiles on northern

'Padre Island at intervals throughout a year. His diagram, Fig. V-I, ,shows

'(a) the calm condition, "with light to gentle, .southerly or easterly

winds";' (b) thenormai condition, ,"with gentle to fresh southeast winds";

.and (c) the storm condition, "with fresh 'to strong, .southerly and easterly

winds ," but no hurricanes or gales were experienced.

The changes in the beach illustrated by Blankenship occurred

with changes in the forms of accretionary additions and their loss, or

the smoothing of the breaks in slope known as "berms."

The writer made observations of the beaches of Mustang and Padre

Islands from the air on September 18. a week after Hurricane Carla of

September 11, 1961, had crossed the shoreline over 'Matagorda and Lavaca

Bays, Texas, 75 miles north of Padre Island. Ground observations with

profiles measured by foot-pacing and hand-leveling were made on Padre

Island on October 22, a month and ten days after the hurricane.

Measurements from vertical aerial photographs of September 16,

196L" made for the Coast and Geodetic Survey have been compared with

landmarks which are still recognizable and which were mapped in July 1965

with precision. Statements of responsible landowners as to the relation

of the flood elevation to beach and dune losses on their properties have

also been used. These data. along with elevations obtained in the in-

strumental survey, have been used to compile the data of Table V-I.'

The stillwater level of the flood at Port Aransas was 9.2 feet msl and

seems to have been as high or nearly as high on northern Padre Island

(u. S. Engineers 1961).

V-I
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TABLE V-1 - - • DATA ON BEACH GRADIENTS DEVELOPED BY mJRRICANE
CARLA OF SEPTEMBER 11, 1961

NORTHERN PADRE ISLAND, TEXAS

Measurementsin i Feet.

Before After
Carla * Carla

HORIZONTAL. INNER
RECESSION BORDER MEAN
OF FRONT OF OF SEA
OLD FOREDUNE BEACH LEVEL

Not Height Datum
including Above is

gaps Msl l1J from
U.S.C.

125 7.6 & G.S.
Bench

to to Mark,
Port

150 8.6 Aransas

Some
at
9.0t

BEACH WIDTH

360

to

530

150

to

250

BEACH
GRADIENT

1 : 16

to

1 : 29

.~
J

"~.. ', :'.J

*'Including y<>ung post-Carla fored'unes.•.
These data are for July" 1965 , 'assumed to be 0 f the .order
of magnitude of pre-Carla beacnes.

l1J These heights are· from the beachr!dge built by 'the breakers
of the storm.

<:
I
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The data of the 1961 ~l1d196S surveys and of Table V-I are us~d

in the dimensionle~s'profilediagr~ Fig. V-2.

The', sl1elly beaches of Padre Isla~d, which begi1;1 about 18 miles

. south of theNueces-KlebergCo~tieSlbouncuiry line, are commonly steeper

than t1)ose further north. W~ve ero'sion cuts a nip or low bluff 3 t<> Q

feet high in the front of the beach. Back of t1)e ni~,' the surf~ce mq

support ~ steeper pI:ofile than that of the correspo1;1d;i.ng part~ qf the

be~ches f~ther north. J{o surveyed profiles are at hand fo~ the 'shelly

beaches.

Wave Energy Data
, i

T1)e accompanying ~eport 'of Wt~l1am A. Pric~. C.lj:. J a ~1vj.11an

engineer with tJte Corps of lj:ngineers ~ Galveston Offic~ (Appendix) com~

bines the data of the Corps with the qceanographic data qf the Dep~rt-

1hes~ <lata may be used in conjunction with the h~i<ialle'l"flood

Deve19vmentSite where it was left by the flood of Hurricane Carla.

front of the pld well-~assed foredunes withi~ the area of ~he ~orth

FronF of ~ld Foredunes and of Pr,o~os~d C,onstruction, !1ound,
, ,. ,"

probab~lity and h11rricane-cycle data of yig, 111-1 ~nd Fig,. I~I~2 to

;Fig. V~~ show~ by a solid line, with gaps, the present eroded
, '

select desi~ elevations tor stru~tures ~o be e;ected Qn pil~ng On or

overlooking the beach.

ment of Oceanograpb;y ~nd M~te<>rology~'T~xasA & M Vn~ver~it;y~

The waVe energy report gives ~ta computed by him for 1,lSe in

:planning cOllstructi<>n on the beach &l1li dl1nesof Pa<lre Island.

This conclusion is based on the recency of the 10wer~ tightly stabili~ed

("'__ foredunes which. form a belt 100 to 200 feet wide ~n front of the old



,,-­
/

-- ----..- 4 a ...: a ,
• , II , •

" .\"

CHANGES IN' FOREDUNES AND BEACH
PADRE ISLAND. IN HURRIC'ANE CARLA.'

SE~T, 11.1961
, ,

;

; ~- \

.; .~

.'

W. ARMSTRONG PRICE, '
July '1965 .•

"

, 3'- 4'

~

, ..";

t 'j'.

i

"

12' . ,
r'\ , , , ,,' .

\' --------------- MAXIMUM FLOODELEVATION'-",'~-

"

I . I "I
1 ' " 1I ,F I ,F

1 125'-150' "IOO',~ 200' I

I 1:1I " '
~ DUNE' LOSSES '~
I· " I

~ :,

\
\
'\
, \ a'-g"

Dimensionless Diagram

\....... ----:'---~'.......-.:.._----- ------..:..---~~_2...~~_"I 0 I,

52 1 .. ', " 5,1

"'200'-300',1
I" "1
I BEACH~t- LOSS' "

25'-40'

,
FOREDUNES: F, old, grassy, stabh!t F, young, unstable.

BEACH LOSS: Shoreline 5, to 52. ,", ,

IAI After Storm Profile Ir,I P)e-StormProfile/ ,

'"

.1 0.] Meon Sealevel Datum
.....,.....-

H Gulf Surface, contemporary normal MSL
<: ~,'

:~'~,i .



-- (.'.• -_._----
..-..... ',' '.

·V-4

r..·.··... ·.::.·.·,t-> :_-.-
foredunea.T~e·writer has had sufficient contact with the beaches 'and

dunes 'of Padre and M~stang Islands since 1961 to recognbe '.the cont.c:~

sur~ace between the old and new·foredunes.

I~ is believed that the present front of the old fored~e~ as

'shown on F:l,g. V-2 is a safe front fort~eproposedc:onstructioq.mounq

nowplannedfo:t:' -tile W~)]::th Development Area.

It cannot ·bestated with .anY degree of assurance whether the

'new :foredunes, if grassed a:ndwell: stabiU.zed at their preselltpositionf;l

. and ~. their present heights 'and degree of compactness, would stand the

atl:ackof another ~urricane as severe as Hurricane Carla. ~wever~ if

thes,!dUne~ are stabilized they should check the invad:l,ng' beach~rofi.]..e

!"_~witbi,n .their' mass, ·t:;hus helping to COllserve the .construe tion mound.

,Degree of Reliability of the Mappe,d Front of the Old Fored~es

+l1e timeUmitsof the contract , w:l,thits 'exten~ion to Jul,.-~l,

aid nqt pe1'Jl1it the ~pping ot the en,tire;Lengths of the foredune front

on, foot.

T~ foredune f1:'ont -was identifj.edont;he Godley t:opOP.ph~c

'lD&P Qy the'steep sl,ppes 'pf the high dune mass ,the '~ucce'ssionof~ ...

filled ~oughs'along its front, ,and the lower elevations of t4,'s~its

of the young £oredunes in:f::t:'ont of the 'trough•

. The map determinat;lQn was SUppOl:' ted by"ground reconnaissant;:e and

precise 'profile~ 'measured across ,thec'oI\tact: ~ 'two places.

During the constructionper~od,NationalSeashore. staff memberlf

f~iliar -with the contrast in vegetation-stabilizationalongt~econtact

line Will be able to assist in .identifying it on the ground.



r
", The tmportanceof the contact line is two-fold:(l) it is the

bes.t assumption afforded by the data for a safe front line for .the con-

"struction mound, and (2) the 'advanced state of stabilization'of the"old

~redunes makes ~t highly desirable to avoid as -much as poss!..~e

this protective growth durin

Alignment of Beach 'Faceof Mound

A straight,-slDOoth front -for the construction £ront would seem

to lessen ·the chance of "the funneling of wind-blown sand up the face "of

the mound. An-irregular front might also provide headlands for erosion

by waves.• ' The present deep gaps should be closed along the "alignment of

the mound front.

.~'."";
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. APPENDU -. 1

STRUCTURAL INVESTIGATION
of

PADRE ISLAND DEVELOPMENT
for

W• Armstrong Price ,Oceanographer
by

Will iamA. ·Pr ice, Civil Engineer

JulyS ,1965

Scape:

This investigationisofa preliminary nature, based on general assump­
tions. These 'assumptions maybe 'modified as final structural design
progresses. It presentswaveforces'and recommendations for the guidance
of the architect and structural engineer engaged in final design of the
proposed structures.

Basic'Assumptions:

:~ Generalized offshore profile slope ·of twenty-five feet per mile offshore
ofelev. 0.0 MSL. This slope is not critical.

·Maximum surge. tide elevation corresponding to a,storm frequency of'125
years iselev. + .15.0 MSL. Lesser tides occur more aften.

The beach elevation before a storm variesfromelev •. 0.0 MSLat the
front to elev. + 5.0' MSL' at the rear· of the beach.

Beach slope is 'sufficient(l:100+),slopesofl:100 'or steeper, to cause
'waves .to be breaking at critical depth breaking wave index.

General Conclusions:

Forces expected to occur at a water depth of ten feet,corJ:esponding to
a 125-yearstor'lIl at the rear of the beach, -are of such a magnitude that
it .is 'recommended that the main building fill and any permanent strQCtures
be kept above ·elev. + 22.0 MSL unless overall economy·makesit.~desirable

to consider them expendable in a.storm of this magnitUde. A fiil elev.
of + 15.0 MSL would be feasiblewith'a seven-foothighfloodwall along
the front. The extreme 'wave force for this'stormand location !sconcen­
trated below elJev. + 19.0 MSL. Water 'above this elevation is wave run-up
and c'ancause flooding but no structural damage.

It is essential that the actual floor of a structure not on fill be above
the wave crest elevation corresponding to the'waterdepthof the design
storm tide and beach elevation. Waves passing under a floor set below
the crest generate very high uplift pressures, Structural framing members
may be below this elevation and above the top of. dynamic forceelevatioI;l

•



Basic References:

_Wave Forces:

'APPENDIX - 2

~"'-

Structures, including their piling substructures, should be designed .for
lesser tides 'as well as the maximum for the .design -storm frequency. This
is because varying_ tide elevations result in the point of wave force con­
-centratio~ moving with the-tide.

Above the wave crest elevation shown, .structures 'should be designed .for
-a wind speed of-100 miles-per hour.

Experience 'shows that unpaved shell atte-sand roadway areas 'and roadway \
shoulders will be 'severely damaged by storm waves when the roadway is
covered by the tide. To reduce. damage, roadways must be 'paved and - .'
.shoulders must be paved or stabilized with cement or asphalt. A growth \
of grass, such as Bermuda, with'a ·good root system has been effective 'in \
resisting wave attack. This' stabilizat10nmust extend out to at-least I
the bottom of-any. side ditches. F

The loading diagrams can be considered ·as -graphs of unit pressure per
square foot plotted horizontally, and vertical position on the· structure
plotted vertically" This diagram is effective anywhere along the width
of the structure; values are for a one-foot wide strip.

The follOWing discussion is concerned with ·the-structure asa Whole, It
deals with anyone tide -elevation. In actual use for-structural· design,
the tide elevation will have to be selected to produce the·maximum
loading on .any specific -structural member being considered.

Wave forcesforvaryingwateD depths 'areshown in Table I. The use ·of
these -values is illustrated in Figure 1.

shown in Figure 1 if they are designed fora hydrostatic -force of 64
pounds per cubic foot. .Below. the top of dynamic force elevation 'strUCl-

.tural framing members should be designed to withstand _the dynamic wave
-force shown in Table I. This .force is given in pounds per lineal foot
of width 'along the beach. An lS-inch diameterpile~ for example, should
be designed for 1.5 times the value -shown.

-Wind speed and beach geometry are such that design' should 'be for breaking
·waves.

Explanation of Terms:

. Shore Protection Planning and Design, Beach Erosion Board of the Chief
of Engineers, U. S .ArTIrf, 1961.

. Oceanographical Engineering, Robert -L. Wiegel, -Prentice-llall ,.1964.
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APPENDIX. - 3

Definition of terms: : "Wave crest'elevation" -is· self-explanatory. For
maximum overturning of the 'entirebuildiIig(maximum' pile ·penetratio:p. ·de­
termination) 7 use this on·theGulfsideof the buildingandassume'a wave
trough on the other side. The -trough elevation is 'obtainedby"subtracting

·the·waveheight "H" from the-wave·crestelevation. 'This hydrostatic
-loading is illustrated in Figure 2a•. "Pm" 'is .the maximum value 'of the
dynamic force 'of the breaking wave. It occurs at the ti.de 'elevation 'and
drops to zero over a vert;i.cal distance ·of H/2 up or ·down.' This 'dynamic
'pressure ·actsin combination with 'the hydrostatic 'pressure -shown in
·Figure2a. The combined ;pressure ·is .shown .inFigure2b •

.William·A•. Price, :C. E.
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