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- SCOPE OF REFPORT

“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-
struction and 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 construction facilities.

-On June 27, 1965, Mr. Mike Malik, iandscape architect, National

Park Service, ind{éated.in a memorahdum enfitled "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»possiblev- where not possible.

3. ;WaVe fofces, Re:' pile design, stabilizedvdune design, etc.

4. Curve to show energy loss as wave crosses beach.

| : s, Typical dune formations. How to build - How to prevent (BEB).
6. Wind velocity - mean‘- max, Diregtions.’
7. Ideal comstruction time?

e 8. Road section.

9. Type stabilization required to protect the road from drifting

sands, blowouts, and washouts (cured).




PART 1 -- SITES AND THEIR PROTECTION

‘A Site on Dunes Facing the Beach

As a result of the great flood disaéter around the shoreline of
the North Sea in February 1953, the commissions 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 unbrokén vegetated foredune back of it (C. A. M. King 1953). Even a

footpath over the top of a dune allowed the flood to break through.
| The 1953 disaster, as well as-other-g;periences, shows théégthe
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 types of development, therefore, a site
overlooking and adjacent to 2 beach should be on: top of a dune or a mo;nd
built on and among natural foredunes,

’

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 shoﬁld be selected for the construction moeund and for the
floor of any structures built on piling out from tﬁ;/;ound 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.

I-1
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‘Construction Mound Overlooking Beach

(/if' Such a mound should be develoPéd on a large'group of well-

- grassed high dunes. as compactly ‘grouped as can be found. 1If the'duné
summits rise above the design elevation, the dune group can be leveled
.and graded, Fig. I-1. Additionalvfill material, if ﬁéeded,.may-be taken
frOm small, unstable dunes of the inner border of ;he beach, or from
borrow pits or channels dug back of the dumes. It is poséible, but un-

~1likely, that clay or ciayey 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‘sguthefn-part of.the island. Clay underlies an area. of undeter-
mined sizé south of and near Mansfield Cut. Clay at 8'feet'$eIOW'the
sﬁrface was used in the extreme southern part of the island in the
‘presently devéloped';rea south of th; Seashore lands.

e 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

‘the Gulf or develop 'in the lagoon itself under northerly winds. Return

\ v
\ floods may be destructive of roads and bridges built at or below flood
\\ ER—-— : v i

- levels.
\‘\ w-—-«

s,

- .
R SO

. Duneless Sites

Construction sites deéired where there are no dunes will4haveu£o
use piling or wholly artificially constructed mounds. A common way to.
obtain elevated construction sites on the~s§nd islands of the coast is to
use hydraulic fill in connection with marina channel development. SupP

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

areas the hydraulic fill material may contain a large percentage of shélls,

T

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

blowing.

¥
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Construction sites facing a beach where there are no dunes will

also have to use piling or local f£ill. Borrow pits might be sunk below

‘watertable (ground-water-level) 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'"refﬁsal" skin friction.
In moist, firm sand a 2-inch core barrel failed to penetrate

more than a few.inches when a pressure of 1,500 pounds was placed om it.

Stabilization of Bare Surfaces of Sand During and After Construction

Sand blows with great ease in anything but very iight-windsﬁzf 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 of the
beach-bordering foredunes. The blowout gap in the dunme line may ‘later
become an overwash flood channel, with a fan ‘of beachsand washed back of
the foredune. These bare sand sheets in the rear then develop fields'pf

‘bare migrating seif dunes. See Fig. IV-1j and IV-2¢, 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 théy have been naturally selected for their particular envifon-
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 des;red to try exotics, the best practice seems to be
to stabilize at first with native grasses, meanwhile trying the exotics
in experimental plots carefully selected as to micré-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 species) and

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

that part of the island. It is a semi-arid maritime.climate exposed to
‘wind and salt air.

‘Methods of vegetational stabilization are covered in a Beach
Erosion Board g?blication (Pavis 1957) but that publication does not
list the nativ; dune grasses of South Tékas, having been~written for

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

Mechanized planting buggies are poorly suited to use on hummocky

J dunes.

} The native sea oats grass grows on high dune summits in fair
profusion but has not been found to be a good, quick-growing, stabil-
izing plant for initial cover. |

All the main stabilizing plants native to the Texas foredunes
develop thick networks of foots that extend from the dune surface to and
below the lével 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.
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Building of Sand Dunes ' .

Sand dunes can be built by the well-known method of erecting snow

-fences or permeable hedges across the main direction 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 must be

covered either directly by grass planted (''sprigged in'") or by a cover-

sheet {such as shell, hay or a commercial 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 probably before grassing the first dune formed.

-Use of bane (Arundo dongx) for Dune Stabilization
A ‘means of stabilizing large areas of bare, migrato:y-dﬁhes:suc-
cessfully which has been used on a large ranch on the mainland sand-plain
of South Texas  (Armstrong Ranch, Kenedy County) -is to plant dense hedges

of cane (Georgia or ‘riverbottom 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-plaﬁted‘across the -direction df
sand movement, neﬁer parallel with it. The details of the process have
mot 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 this summer , but, as yet, it has not been‘plgnted in a
pattern adequate to halt a large blowout. The months of June and July
have seen véry 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 stalk. I1f a substantial hedge
can 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 anj event, blown about by the wind.

"needle grass."

The first such volunteer growth, in Kenedy County, is a
After the terminal and flank areas are stabilized, 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 rggpved from the Seashore 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 horizomtally in the
bottom of 6-inch to 12-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 bé 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.
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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 the foredune

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 wher; it comes dowm
to the beach.

Groups of well stabilized, thickly'grassédAforedunes~range back
of the beach with summits from 30-44 feet in elevétion (U.S.G.S. msl).
See the following section, "Conversion of Elevations,” for explanation
of this elevation datum. The groups are.sbout 200 to 400 feet in width
‘along this frontage, Fig. I-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 11, 1961. -The new foredunes have
sugﬁits-reaching from 20 to 26 feet (U.S.G.S. msl).

The beach along this ffontage rises to about 5 feet (U.S.G.A,
msl) at the feet of the»né§~foredunes.

A gap 100 feet wide cuts through the foredune chain 800 feet
north of Tr;angulation Station "Rush." The gap runs northwestwardly
from Godley Monument 21. This gap is partly filled by bare sand and
low bare dﬁnes.

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. ExtensivevstatiI{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"thé'water of the Gulf near the beach was made showed
the water level to range from +0.8 to +171 feet, when.tied in at the 'same
hours to Godlej:Survey Monuments Nos. 16 and 21 on Padre Island, and to
the tide gauge of the U. S. Coast & GCeodetic Survey at the‘Hérace Caldweli
Pier, Port Aransas. The Godley and U. 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 yéars, 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 for a mean value..

. 1f a true sealevel datum is required for the Seashore Area, the
Port Aransas mean could be determined, or a 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. | _ v ’ ;

Experience in the Cameron County Park at the southern end of
‘Padre Island shows that grass will grow there in sand in any month.

Outdoor labor is donme with difficulty during the 2to &4or 5
days of.the duration éf strong north winds associated with the advance
of cold fronts of winter.

The period from Junevthrough Seétember is ‘the major season of
hurricanes and tropical cyclomnes, with the greatest incidence of such
storms in June and September. A few hurricanes have éccurred here

late in May and early 'in October.
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Sand moves with the wind dominantly from easterly to southerly
directions-during the warm months ‘and dominantly from the north in -the

colder months of November to February.

»Pfotection 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 solid storm-
shutters and doors. A further protection is to remove 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

structures has not occurred under winds with sustained speeds of less

‘than 90 miles an hour.

Experience in south Texas in the period 1930 - 1950 showed>that,
with construction materials then uéed, wooden shingles stood the wind

better than composition shingles.

“.Management of Buildings Du}ing Hurricanes

A long-time practice of residents of the south Texas coast has

been to remain in their buildiﬁgs-during hurricanes. Water foréed 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.

I-9




PART 'II -- CLIMATE AND WIND

- Semi~Arid Climate of Thornthwaite

~According to the quantitative climatic system of C. W. Thorn-
thwaite (1948), the northern end of Padre=Island-1iesvnear-the nor thern
nlimip-of the'séﬁi-arid zone at its contact with the dry sub-humid zone
to the north. The semi-arid zone-extendsrsouthw;rd intd‘Mexico, the
"southern end of the 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 zone passes again into the tropical sub-humid
zone.

The semi-afid climates of the world are noted primarily for
their variability. Thornthwaite's (1941) climatic atlas éhows'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 likely to occur a few times in winter, but many years
‘may lapse without a killing frost or freeze. The coldest year on record
was 1880, with snow on the ground at Corpus Christi nearly'ali the time
- in November ‘and December.

1The maritime belt of the semi-arid zone along Pédré Island has
-moist'nights~and morning mists,bproviding much moisture for plants in
addition to the rainfall. This belt is also very windy. Corpus Christi
lies in the cénter'of the most windy zone of the eastern coast of North

- America (Dept. Agr. 1935).

II-1
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Wind Regime

No weather stations are maintained on Padre Island, although
‘some data are ‘available from the Coast Guard stations 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 Chfisti Bay from:1870
down to World War;II, after'which.it‘was moved to the airport which is
now ‘about ‘25 miles west of Padré~Island.

.-Curves of the annual distribution of temperature, rainfall and;
wind duration for Corpus Christi drawn by the writer from the Weather
Bureau 'in 1931 (Price 1933), Fig. 11-1, shows the monsoonal character
of the wind. -Thes; curves are true in gemeral for the regionm.

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 W and SW winds emphasizes the pro-

‘minence, in duration, of winds from offshore.

The direction from which the wind blows longest each day is
called the "prevailing'" wind. Speed is not coﬁsidered_in'this term. A
graph of the '"prevailing" winds for the Corpus Christi region prepared
by Boker (1956, Fig. 2) is given here, Fig. 1I-2. Thus, the "prevailing"

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

for ‘a total of 1l months, according to this diagram.
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FIG. II-1

METEOROLOGICAL DATA FOR CORPUS CHRISTI AREA, TEXAS
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FI1g. II - 2. Prevalling winds in the Cdrpus Christi,

Texas, rezlon (after Boker 1356, fig. 2).




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 watef, sand, or vegetation.

According to another viewpoint (Dept.vAgr..1§38), onshore ‘winds
‘are '"predominant” in the region in every month, considering*NE<§ﬁnds as
onshore. The NE wind is more nearly 'longshore than onshore in tﬁe
northern part of Padre Island, but is directly onshore in the southern
part, Fig. 1173. The graph-is from Lohse (1952, Fig. 25).

In dune development, Bagno;d»(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 of wind s

in building and modifying sand dunes 1s from Boker (1956
pp. 2126, and figs. 3 and 4).

hourly at the Corpus Christi Naval Air Station during the period Ma,rch;'

-Zf. l9h5-December 1951 was calculated by applying Bagnold's (1941, p. 69)

sand' movemnont (Sim0nett, 1949, p. 7) This relationship is such that

i velocit,( at’ which the sand begins to move. A threshold velocity of lO

9 to L, 15 to 23, 24 to 35, 36 to 46, and greater than 46 all sxpresaed

7 in miles per hour A winarose (Fig. 3) was prepar.d from this data to
~ capable of moving a.nd were made using the aver age wind Velocity within .
greiter than 10 miles per hour were considered s:.nce the ssnd-moving

‘winds are those in excess of the threshold velocity. Knowing (l) the

' threshold velo ity (v) N (2) the xnca.sured wind Velocity from a given

, formula expressmg the relationship between mnd velocity and rate ofd

| data. used in this investigation had bee'z compiled in such a manner that

:the wind velocities were grouped in the following categories‘.

= illustrate the relationship o.f the winds analyzed in the rollowing dis:

The rclat:.ve transporting powcr, °I' strength of wihds observed" G

the quantity of sa.nd capable of being moved by a wind varies as {:he

cubc of the excess of wind velocity over snd above the constant threshold 5

S miles per hour was assumed for the sands in the ares studied. The wind s

3t08

.,sion. Deteminations of the relative transporting powers of winds

ea.ch catcgory. Only those categories having an averags wind velocity"

direction (V) . and (3) the number of observations (H) recorded for.V,
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the transporting power (Q) of the eand-moving winds was calculated

from the equation Q = N(V-v)3. The total transporting power i‘or each

wind direction was obtained by adding the strengths of all winds observed

Ewaad el b A A Tl TSI e

from that direction. The results of all calculations were multiplied S

by 106 in order to simplify their tabulation. The dominant winds on .

LI W

and the SSE—SE winds’ (Table 1)

The vector diagran (Fis- A). prepared by canceling strengths of ':l{]
opposite winds, shows the resultant direction of sand movement as determ- A
ined by the predoxninant w:.nds. This resultant has a direction of S 85°w.

.-

Field observations and measurements on aerial photographs of dune ridges v

show that the free—mov1ng, non—vagetated dunes on the island are elonga-' :

L

‘_ ed appro:d.mately E-W, which agrees favora‘oly with the direction of -

.y

-

- elongation as determined by the ‘vector diagram. However, the analysis

* of the relative transporting powers of various w:z.nds only takes into

B e AL e e

account the differences in velocity bctween the winds studied, and the

~ time of year that nnds of a given velocity occur and the amount or e '

moisture present at that time are not accounted for in the calculations.i SETERUEE A AR

R ORI VR [ PV S

l - the basis of relative transporting power, or strength are the N-NNE *

The Wcather data used in this analysis also shows that during the win--i B

ter months there is proportionately more moisture on the ground per day

than during the remaining months.' This does not imply that moist /éand ;
will not blow, i‘or it does ’ but the ‘actual amount of sand moveme/x/:t e .v ‘;
| occurring with a wind of given velocity may be less when the sand is : ‘
K .aist than when it is dry In view of the fact that the actual ‘_f? t
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{ . TABLE 1. Rclativo transporting pover of winds at Corpus Christi Naval Air Station during the period
_ . . .March 19&5—December 1951, : ,

- Q= /v(v. v)

‘o

Direction v

- Wind
force.

'mopoho“

NIE

ENE

SE-

SSE

SsW

S

WSW

Y]

-WNW

N

NNW

U

«005

+005

I.O%

.016

013

.008

001

001

.001

.001

.001

001

002

; 5'4,1.15i23f _;1;L2; LY, |.8146 W5h2 fo733 1.30 4:17 3.81 |1.72 .238 {,081 |.015 .037 ;041 .228 | 515
| 35 |5k (368 143 |25 207 (1,02 1461 |5.86') 2,59 |.289 1,007 |.015 L.052 |0, |.156 |2.85
46 | 2,00 |.804 |.149 [.030 |.030 {.030 |.089 | 387 |.030 | — | = | = ‘030 |.179 |.427 |2.40
a2z [ = | = | = [ = feosn]0sn | = [ | = | = | | = [.08 |92
; Toﬁél
| trang= R T R B S N o : N
| port=" | 949 |6.14 12,43 |.821 |.978 |2.35 |9.14 110,13 | 4o34 |.528 | 049 [.031 |.220 |.295 |.866 [4.95 . . .
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o ‘direction of dune orien ation agreas ouite favorably With that deuem- ':,

ined on the basis of strength of observed winds, it is possible that dune _—

... orientation on Padre Island is not mar’cedly 1nfluenced by moisturo assoc- e . - :
S S e P ’ 5
- dated with Winds of any given direction. I ,’ _ ;

Speciﬁc relationships betwec.n tha wind regime and the 'diﬁzerent :

types cf dunes repreaented on’ .adra Is]:md will be discussed n"dejzail

o When the var:.ous dune forms are analyzed. R
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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 .seldom occur-
ring. There are two annual peaks of rainfall, in'May and September,
Fig.,II=1. . The May rains:occur-éé the sun migrates northward over the
equator and reflect in a lesser extent the heavy tropical May rains of
the Gulf coast of Mexico in -the Tampico-Veracruz reéion.

The September rain maximum depends on the océurrence~of hurri-
canes and lesser tropical cyclones. This rainy peak is as variable as
“the ‘incidence of hurricanes, PFig. III-1, and the tropical storms of less
intensity which occur in both the "hurrica;e‘rich" and "hurricane poor"
cycles (to be described).

B Some rainfiS'scattered through ‘the fall-to-spring period, coming

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

Dune Moisture

The large amount of moisture available to Padre Island plants
fromfnight air and morning mists has not been measured.

In sand dunes on Padre Islénd, there is a zone of capillary

- moisture 6 inches below surfaces of sand which have been stable for a

number of days. This zone does not yield wells. -Such a capillary

-moisture zone supplies drinking water for Australian aborigines by

sucking the water out of the ground. -This moisture~séems to be an in-
ternal pfecipitation on cool sand grains below ‘the surficial zone of
hot ‘to warm sand. This is a phenomenon known in South Ameri¢én 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 in a semi-
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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 of 5 to 6
feet under the surface of Padre Island back of the beach and east of the
lagoonal tidal flats. The top of this water body is called the water

table.

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

1 t

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

‘no specific data on this subject.

On some sand islands, such ground water may descend many feet

‘below :surface, limited by lenses of marly or clayey sediments.
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PART III -- PERIODICITY OF TEXAS HURRICANES

‘Records - Used

The records used include those of the following sources in the
order of dependence: -Price 1956; Tannehill-lQSG;‘Lﬁdlum:1963;fCorpus
Christi Weather Bureau Records for 1956-1964.

Only those tropical cyclones are included in the data which
crossed the Texas shoreline with wind speeds gr;ater than 74 mph or
‘otherwise caused hurricane -conditions on some. part of the Texas coast.

The. lesser ‘tropical cyclomes 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.overall incidence was one hurricane every 2,3 years along

some 400 miles of coast. The records for this period are adequate. for |

the purpose of making curves of incidence and probability.

-Common Width of Hurricane Front

One-fourth of the shoreline of Texas, or roughly 100 miles, is
taken here~aS'thé characteristic hurricane front for statistical pur-
poses. Both wider and narrower hurricane fraonts have developed here.
For a front of 100 miles a factor of 4 is used, so that the overall

incidence given above becomes one hurricane every 9.2 years.

111-1
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- ‘Cyclic Periodicity

[ L The data assembled show that the hurricanes which affected the
| Texas coast as here restricted have had a marked cyclic fluctuation in
numbers per cycle. The cycle is 17 years with a range of from 8 to 28
years. -.Others, viewing weather on a larger scale, find weather c:;'c;.les
of 20 years average, and some have found avrelationship-betweén hurri-

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

.Analysis of Hurricane Periodicity

The writer has previously designated the Texas cycles (Price 1956)
as alternately "rich" and "poor'" in hurricanes. Table 1III-1 gives the

basic data which are plotted on curves a and b of.Fig, III-1.

TABLE III-1

CYCLES 'OF HURRICANE OCCURRENCE, TEXAS COAST, 1829-1964

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

l ' occur within cycles based on data of wider scope.

. Hurricane Poor Y H y/ Hurricane Rich Y H y/h
1850-1865 16 2 8.0 '1829-1849 21 12 1.7 =
1892-1907 16 3 5.3 ' -1866-1891 .26 21 1.2
1920-1928 3 o - 1908-1919 712 10 1.2
‘ ‘;/f937-l964*‘ 28 5 5.6. 1929-1936- - .8 6 1.3
! ‘Average: 17 2.5 4.7 Average: 17 12 1.3

* Cycle may not be ended.




FIG. III-1

- CYCLIC OCCURRENCE ‘OF TEXAS HURRICANES, 1829-1964

Graph A (Above).

Average numbers of years between 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. of 2, 6,6 yrs.).

Graph B (Below).

‘Total numbers of hurriéanes per 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 storms, 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' 3
‘hurricanes. The cycles ranged from 8 to 28 years, efEEEgEE%:E?:%EEEED
Hurricané 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 years.
Although the numbgr of hurricanes since 1936 is within 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,

.80 that the Gulf itself had a ''rich" period.

-The averages of Table III-1 show that a "hurricane rich" period

‘1s characterized by{12 hurricanes per cyc g>occurring at a rate of omne

every'1:3 years; and that a‘"hurricane poor" cycle is characterized by
2.5 hurricanes per cycle occurring at a rate of one every 4,7 years.
-The variability is too great for predictions to be made successg-

fully for any one year or small number of years. However, on a 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

I1I-3
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-and false fronts extending above the roof line are especially vulnerable.
How well overhanging eaves -and new types of roof design-and support will
-stand up in very high winds has not been well tested 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 of a hurricane~iS'controlled'b§ 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 enggring the Gulf P
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, 100ped

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

Aids to Hurricanme Path Prediction for Isolated Observers

If, during the hﬁrricane~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 direction of its progress and mainly to the

‘Tight of the path. Low water may develop on the coast at some distance
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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 camnot do so effectively in 5 feet.

To aid in locating the general direction of the eye from a point
of observation, ;he obgserver faces the wind and extends his right arm
ou;{sidi?ys-along the line of his shoulders. The hand will then point
'iﬁ‘the.di;ection of the eye. ‘

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

spiral has been drawn. As a 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 adjﬁsted so that the-exiéfing wind direction

agrees with ‘the spiral path. I1f the "top" is then moved inland across

N the map, the-épiral arms will indicate the probable changes in direction

of the wind. .With a little practice, quite:- good results may be obtained,
and a change in the curvature of the path detected soon after it occurs.

Tannehill (1956, Fig. 50) shows the distribution of winds in a typical

hurricane. This circulation diagram is a form of "hurricane top."

History of Flooding Across Padre Island

In 1956 the writer (Price 1956) compiled data on reports of flood-
ing aéross Padre Island adding floods that probably péssed over the island,
judging from the nature of the storm and its -path. These data have been
reviewed and others added to produce Table III-2. Many of the elevations

given are estimates and some others are of somewhat uncertain sealevel

é

datum.
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TABLE 1I11-2. SUMMARY OF FLOOD DATA FOR 400 MILES OF TEXAS COAST
[ j NORTH DEVELOPMENT SITE 1900-1964
PADRE ISLAND
Gulf Shore
Flood MSL _Date & Storm (Hurricane or Tropical 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 Freeport, landfall.
T 12.2 112 1961 Port O'Connor, HURRICANE CARLA, landfall.
10+ 1909 Velasco (Freeport) (Galveston reported 10 ft.)
10t .} 1916 Padre Island, Northern (driftwood logs at 12 ft.
(4 storms) on western shore, central Laguna Madre).
10t | 1933 Sept. 5 Padre Island, Northern (est.)
gt 10% 1945 Padre Island, Northern (est.)

6-7F 6.5f 1902, 1908, 1910, 1912, 1913 ‘Padre Island (est.);
i 1934 Rockport.,
(6 storms)

3.5 -. _
5.0 4.2t 1933, Aug. 5; 1950; 1951; 1955; 1957; 1933, June 6.
(7 storms) | 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.
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"Flood Probability Curve
Table II1-3 uses the data of Table III-2 to obtain probability P
- >
estimates. ' \Jyj
A 1
TABLE III-3 -- HURRICANE FLOOD PROBABILITY'DATA ) §§}
400-MILE COASTLINE, TEXAS, 1900-1964, FLOOD MAXIMA 9‘ ‘l‘/
Elevations are for stillwater level and are conservi;jzﬂ(}ﬂM
= " NUMBER OF { .. NUMBER OF
FLOOD ... "STORMS o ‘NUMBER "OF STORMS “YEARS
HEIGHTS {For Each Height * Per 100 Mile Secybr - | For One Oc-
_ 400 Mile Coast currence
Mean |.Range 65 Years 65 Years | \1 Year} | 100 Yrs. |Calc'd]used
15 |15 ' 1 0.25 0.385 250 | 125
12 11.5 4 ‘ . 1.0 1.539 66 33
0 12:.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 (@ . (3) (4) - (5) (6) (7 (®

The storms of Table‘III;B either‘aétually crossed:the-shoreline
of Texas or affected the Texas coast with hurricane conditions, as in the
case of the hurricane incidence data of Tables III-1 and III-2. The choice
of storms used accounts ‘in part for differences in estimates and histories
of other writers and from this writer's:1956 estimates.

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

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 at a given elevation shown in Column
7 'is reduced by a factor of 2, to give the figures of Columm»S. This re-
duction :is made because of the imprecise nature of many flood .reports
"and estimates.

The-aata of Table III-3 are used to draw a probability curve,
Fig. III-2. The time curve is a solid line representing years from dafe.
The broken lines-are-vertical or height ‘uncertainty curves. A vertical
uncertainty of 1.5 feet is added for the 125-year, .15-foot flood, to in-
dicate ‘the daily tidal range. A seasonal range-of T 0.5 foot could be
considered here also. The seasonal tide is low in February and in July
and August. ~It'ié gigh-in’May and November.

For the less frequent flood heights of from»IO‘tQ 12 feet, a

o

-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 Harmless '(?) Twisters

3

. Destructive tornadoes occur in southern Texas in two ways: (1)
associated with advancing cold f?énts from the morth 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 airvinvlarge numbers
6n 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 above ground. The writer has learned of no

. 11I-8



FIG. III-2
" HURRICANE FLOOD PROBABILITY CURVE

'PER 100-MILE SECTOR, .TEXAS COAST

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 24 hours.

At 33 to 35 years, a total vertical uncertainty range
of 3 feet is shoﬁﬁ for the stormsjwith stillwater ele~-
vations of 10 to 12 feet, the uncertainty range being
from 9.0 to 12.25 feet.

This precaution is indicated because-some flood reports
are not clear as to the‘elgvation;and elevation datums

are at present in some confusion along world coasts.

e iy
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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 tormadoes 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 démage to barns and light Buildings

‘about 10 to 15 miles west of the Corpus Christi waterfront and north of

Highway 4&44.




dunes. These accumulate because sand grains are moved for relatively

PART "IV --- FORMS OF DUNES AND DRIFTS OF SAND

~Dune Classification

~ 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-la, is the initial form of the stabilized dunes of
Padre Island. A foredune is a linear succession of hummocks -and saddles
some of which may be blowout gaps. Foredunes have been called "source-
bordering"'leevdunesa 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
short distances at a time, some grains settling on the ground from the
air-ahd'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 regiomn, its

sand dunes have characteristic maximum dimensions.




FIG. IV-1. FORMS OF DUNES AND DRIFTS OF SAND, PADRE 'ISLAND,

.&.
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e. Solid-obstacle-drifts, d, profile; e, map. 0, ohstacle;

*
Arrows show directions of movement of winds.

Foredune chain. FF', map. Vegetated, stabilized or'Partly'go.»
’ . »

a succession of knobs and saddles, often with-gapsg,

Shrub-coppice dune, SC, profile. A drift loosely held by bchnw;
vegetation,,subject to very slow migration in direction ;

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 summer to N, and returns (to S) in

‘winter. Net migration down-wind,

H, hood-shaped drift with slip face; T, tail. Hood in e

has closed summit contour. Non-migratory.

Drift to leeward of gap between obstéCIes,,mAp. 0, twin ob-

stacles; BOF, blowout fan wi:h tail. Non-migratory.

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

-Non-migratory.

Barchan (crescent) dune, B, map. SF, slip face; HN, HN', horms. -
Migrates.

Dense cane hedge arresting migratory dume, profile. DR, drift.

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

They include the crescentic barchan, Fig. IV-1b, the transverse dune

and the longitudinal or seif dune. The latter is common 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 faces along their down-wind

.flanks. Transverse dunes crossing seif dunes will be-di§cussed,in
connection with seif fields, Page IV-6.

Lesser accumulations ofmbare sand:include long, narrow, low
stripes formed bﬁ bare surfaces in the direction of wind travel where
sand is moving rapidly in the wind in relatively small aﬁounts. Such
stripes extend do@n-wind from the ends of seif ridges or stand alone
on the moist lagoon-border tide-flats., Their directions indicate the
They are temporary, being

direction of the wind that formed them.

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~1l, d-g, i..

Dunes of the Inner Border of the Beach

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

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,

Iv-2
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non-migrating foredune chain, Fig. IV-la. The latter is the lipe or belt
of high, grassy 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 dumes gradually stabilize them. This final stabilization takes

‘place during-pe;iods~when an excess of sand is not blown against and

smothering the plants.

~-Formation of a Foredune Chain, a Vegetated, Non-Migratory Dune Ridge

’?§ On Padre Island, the growth of a foredune seems to have begun with
a storm-built beach ridge of bare sand raised by the waves along:the inner
: border of the-beach. 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 bj’Hﬁrricane=Car1a.of September,
‘1961. .01d beach ridges-containing‘éhelis have been exposed beneath the
old foredunes of Padre Island when a drought permitted the wind to destroy
_ sections of it (FlSk 1959 Fig. 5c)

The beach rldge 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 bordér of the beach but
1 are not yet sﬁabilized. The older well-grassed foredune was bluffed by
| the 1961 storm. Its grassy summits now rise 20 to 37 feet above the

beach. 1Its eastern foot is outlined in the North Development Area on

¥ . the map, Fig. 1I-2.

gf




FIG. 1V-2. SOME.ADDITIONAL DUNE EVOLUTIONS
Arrows show directions of movement of winds.

2. . Foredume, profile. Rapid addition of wind-blown sand on flank

kills vegetation

1=

ASame; later. Wind eroding bare flank is destined to remove
entire dune, making gap in -foredume chain.

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

in rear -of island toward lagoon, map, SS!. Gulf shore-~

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

washover -fan with channel network (cross channels occur,

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

d. Same area later, map. -OC .shorteﬁed by'sand fillings, leaving
ponds; SDF, seif-dune field developed on washover fan,
three ranks of seifs being shown; dune field migrateé

into lagoon. .Seifs are usually crossed diagonally by

transverse dunes. perpendicular to SE winds.







Barchan Dune

This crescentic ‘dune, Fig. IV-lh, is low--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 direction. 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.

= g

Small Barchans-migrate relatively fépidly and here commoniy join

4

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

Shrub-Coppice Mound or Dune

i
i

 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 o -

Fig. IV-lc shows the seif "(Arabian, .sword) or longitudinal dune

‘as ‘a ridge which is broad and blunt down-wind and narrdﬁly pointed up-

‘wind. On Padre Island the seif 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. II-5. The direction of seif elongation varies

by 5° to 10° from due west,
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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 wide-sPread_of
directions, as in Figs. II-2, 1I1-5. 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 herg-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 barchans on 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 windsuié 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 yedrs -- of about 88 feet a year. The flanks move back and
fortﬁ by about 25 to 30 feet from a summer ‘to the winter and to the mext
summér. The amounts of this north-and-south movement are shown by beveled
flank laminae of the dune base, the more resistant ridges standing up a
fraction of a centimeter abcve the ground across which the duﬁe has re-~
treated. The westward migration is shown by comparing successive
aerial photographé'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 the seif
dune. 1t does not seem to form close behind the foredunes, but further

out on the plain to the west.
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-Seif Dune Fields

A seif ridge does not stand alome. Like other bare, migratory
dunes of broad surfaces of sand, the seif forms in multiple. The indi-
viduai ridges here point westward, and are separated by swales parallel
with the dune ridges and ofrébout the 'same. width as the dgﬁes, from
bottom of swale to summit or ridge. The development of seif fields is
shown in Figs. IV-1j and IV-2.

Because the -seif 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 that the :southeast wind, the main wind of
the long period of warm weather, ha; imposed transverse dunes on the
longitudinal seif dunes. This has formed a lacy, diagonal netﬁork of
major seifg'and minor, but prominent, transverse dunes;‘ Here, the trggs-

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

~to the warm-period resultant, Fig. II-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.

Nor thward from about 26° 50' N. Lat. along Padre Island, .seif
fields develop mainly in a single rank. Southward from this parallel,
the seif fields may form in double orftriplé ranks. Fig. IV-2d shows a

triple-rank field in diagram. The ranks are séparated by ‘N-S clear lanes

IV-6

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

The clear lanes are shallow troughs;

North of 26° 50", the trend of the island is such that after 0.3
to 0.9 mile 'an established clear lane threatens to intersect the seifs
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 runs again north.
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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° West. A few go North 5° East. North of N. 269 50' W. the island

trends NE. South of this line the island trends SE. 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 rums 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 éf the -island the troughs run
parallel with the shoreline and, consequently, parallel with the fronts
Of the seif dume 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 the seif field, there is nearly every-

‘where one of the 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, 1qose1y
stabilized ridge. This is a miniature source-bordering iee 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-
mulétes in different forms, including dunes? drifts, sheets and stripes.
A grain may pass through or over each of several of these forms before
being stéﬁilized by vegetation or being blown or washed inpo 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 1b show how a blowout on the face of a foredune may destroy the
dune and, with Fig. IV-1j 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.
As ‘a 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.

‘1f the foredune is kept intact and its gaps closéd, the inner and

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

R —— AT ¢ Y aw . AT iy
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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.
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Corduroy Sand-Ridge-and-Trough Pattern of Seif Migration on Padre Island

Th¢~seif fields of northern Padre Island migrated a half-mile to the
west between the aerial photographs of’1934‘and 1964. Where the seif fields
have migrated to the west across the interior plain of Padre Island, they
‘have left ‘2 succession of N-S, former easﬁ-margin-tréughS'wiﬁh their lightly

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

low ridges and depressions which may be calléd a cor@uroy;pattern.

Where thé east~flank troughs of‘theiseif fields'were offset, the
projecting angles of the blunt ends of the seif h;ve in -some. obscure manner
left mounds of sand behind. The growth of the offset pattern while the
field of &unes migrated, left behind E-W cross ridges which fnterfupt the
corduroy ridging. These cross~ridges have become hummocky. stabilized .dune
ridges. They tend to connect the foredune chain with the seif fields of

the rear of the island.

Drifts Formed by Sand-Stream Obstacles

Sand accumulates against and in the lee of obstacles. . Solid ob-
stacles, as a post or building, tend to cause 'sand grains to bounce back
and accumulate on the up-wind side in a crescentic form, with a slip face
-immediately in front of the obstacle, Fig. IV-1d, le. This crescentic
drift is here called a ""hood."" Wiﬁd.forms eddies between the slip face
and obstacle, keeping the depression open. The yood develops in both
-small and iarge examples. To the rear of the obséacle,.there is a sand
"tail" pointing down wind.

With two solid obstacles separated by a moderately wide gap, two
hoods ‘and an oval sand sheet, shown in Fig. IV-1£, develop. On a lafge

scale, the drift sheet takes the form shown diagrammatically in Fig. iv-1j,

the drift forming to leeward of a gap in a foredune.
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An openwork obstacle, as a fence or openwork hedge, develops a
sizeable drift on each side across the path.of the-wind,,as in Fig. IV-lg.

- A dense hedge, such as a hedge of cane (Arundo donax species), may stop

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

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

Bare, Migratory Sand Dunes Stabilized by Cane Hedge and Volunteer

-Grasses

Georgia cane (riverbottom cane, Arundo donax) has been used on .
'south Texas sandy land to stabilize large bare, migratory dunes on the
Armstrong Rancp, Kenedy County.

This c;ne has joints at short intervals of an -‘inch or ‘two to
several inches. It develops dense hedges 10 to:1l5 feet tall. A hedge
was restored f?om the roots ‘(after having been cut down) to a height of
‘5 to 6 feet in16 months of fall, winter and spring. This hedge grows at
Staples Street and Lexington Avenue, CorpuS‘Christi.

‘Where the cane hedge is:dense, it seems to stop the sand entirely
'if the hedge is planted at a sufficient distance from the blowout "area,
the source of sand supply, Fig.-IV-lj:

This,c;ne can be used to stabilize the terminal and lateral parts
of a large dun;, if the sand does not move too rapiqu into the hedge be-
fore it attginé maximm height and density. Native grasses sprout in

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

‘the experimental stage,.




PART 'V -- BEACH PROFILE AND WAVE ENERGY DATA

Beach Profiles

Blankenship (1952) studied changes in beach profiles on mnorthern
~Padre Island at intervals throughout ‘a year. His diagram, Fié. V-1, shows
‘(a) the calm condition, "with light to gentle, .southerly or easterly
winds"; (b) the normal conditionm, ."with gentle to f:esh-séutheast 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 accretionmary additions and their loss, or
.;thg 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 ;nd hand-leveling were made -on Padre
Iéland on October 22, a month and ten days after the hurricane.

Measurements from vertical aerial photographs of September 16,
1961, made for the Coast and Geodetic Survey have been compared with
landmérks which are still recoggizable 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-1.’

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).
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TABLE V-1 --"DATA ON BEACH GRADIENTS DEVELOPED BY HURRICANE
CARLA OF SEPTEMBER 11, 1961

NORTHERN PADRE ISLAND, TEXAS

Measurements in'Feet

HORIZONTAL. INNER
RECESSION BORDER = . MEAN
OF FRONT OF OF -SEA : BEACH
" OLD FOREDUNE ‘BEACH LEVEL BEACH WIDTH GRADIENT
Not Height : Datum Before After
including Above is Carla * . Carla
gaps Msl ¢ _ from
. . u.s.c. :
125 ) 7.6 & G.S. 360 -150 1: 16
Bench
to _ “to Mark, to - to : , to
Port _
150 8.6 Aransas : 530 . 250 - 1.2 29
Some
at
9.0

* TIncluding young post-Carla foredunes.
These data are for July,. 1965, ‘assumed to be of the order
~of magnitude of pre-~Carla beaches.

¢ These heights are from the beach ridge built by ‘the breakers
of the storm. o

Z-A
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The &ata of the 1961 apd 1965 surveys and of Table V-1 are used

in the dimensionless profile diagram Fig. V-2.

. The3shelly beaches of Padre Island, which begin-about 18 miles

squth of'the=Nueces~K1eberg Counties boundary line, are commonly steeper

‘than those fuyrther north. Wave erosion cuts a nip or low bluff 3 to 6

feet high in the front of the beach. Back of the nip, the surface may

. suéport a steeper profile than that of the corresponding parts of the

beaches further north. No surveyed profileg are at hand for the shelly

Beaches.

Wave Energ& Data

The accompanyiné report of William A. Price, C. E., a piviliaqw
engineer with the Corps of Engineers, Galvestanfoicg_(Appendix) com; 
bines the data of the Corps with the oceanographic data of the Depart-
ment of Oceanography and Meteorology, Texas A & M Qnivefgiqy.

The wave energy report gives data computed by him for use in

‘planning construction on the beach and dunes of Padre Island.

These data may be used in conjunction with the hurridane-flood
probability and hurricané-cycle data of Fig, I1I-1 and Fig. III-2 to
select design elev#tions for structures to be erected on pil@ng on or

overlooking the beach.

Front of Qld Foredqngs and of E;oposgdgggnst;uction Mound

Fig. V;Z shows by a solid line, with gaps, the present eroded

front of the pld well-grassed foredunes within the area of the North

Development §Site where it was left by the flood of Hurricane Carla.
This conclusion is based on the receﬁéy of the lower, lightly stabilized

foredunes which form a belt 100 to 200 feet wide in front of the old
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‘foredunes. -The writer has-had‘sufficient contact with the beaches:and

dunes of Padre and Mustang 1slands since 1961 to~regognize‘the‘contact
surface between thelold and new. foredunes.

It is believed ﬁhat'the-present front of the old foredunes as
‘shown on Fig.iv-z is a safe fromnt for'the-proposed.¢onstructioq mouﬁd
now .planned for ‘the North Development Area. |

It cannot ‘be stated with any degree of assurance whether the

‘new . foredunes, if grassed and well :stabilized at their.present pogitioﬁs
-and in- their present heights-and-degree-of-compactness, would -stand the

-atgack of another hurricane as severe as Hurricane Carla. However, if

these dunes are stabilized they should check the invading beach profile

within their mass, thus helping to conserve the construction mound.

ADgggee»of Reliability of the‘Mappeﬁ Front of the'Old Fo:edqus

Ihe4timeflimits-of the contract, with its ‘extengion to July 31,
-did not permit the mapping of the entire lengths of the foredume front

on foot.

The foredune front was identified on the Godley topographic

‘'map by the'steep slopes of the high dune mass, the succession of un-

filled troughs along its front, and the lower elevations of the summits

‘of the young foredunes in front of the trough,

-The map determination was supported by ground reconnaissance and

precise profiles measured across the contact in - two places.

During the comstruction period, National Seashore. staff members

famjliar ‘with the contrast in vegetation-stabilization along the contact

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




The importance of the contact line is two-fold: (1) it is the

C.

LA

best assumption afforded by the »dat# for a safe front line for the con-

-s.truction mound, and .(2) the advanced state of stabilization of the old
==

fﬂ:eduhes makes it highly desirable to avoid as much as possible

damaging this protective growth during construction.

S~

Alignment of Beach ‘Face of Mound

the mound front.

A straight, smooth front for the construction front 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

)




- APPENDIX - 1

STRUCTURAL INVESTIGATION
of
PADRE ISLAND DEVELOPMENT
for
W. Armstrong Price, Oceanographer
by
‘William A. Price, Civil Engineer

July 5, 1965

Scope:

This investigation is of a preliminary nature, based on general assump-
tions, These assumptions may be modified as final structural:design

‘progresses, It presents wave forces ‘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
of elev. 0.0 MSL. This slope is not critical.

‘Maximm surge tide elevation corresponding to a. storm frequency of 125

years is .elev. +.15.0 MSL. Lesser tides occur more often.

-The beach elevation before a storm vafies from elev. .0.0 MSL at the

front to elev. + 5.0 MSL at the rear.of the beach.

- Beach slope-is-sufficientr(1:100+),‘slopes-ofjlzlooior-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, corresponding to

a 125-year storm at the rear of the beach, -are of such a magnitude that
it -is recommended that the main building f£ill and any permanent structures
‘be kept above -elev, + 22,0 MSL unless overall economy makes it desirable

‘to consider them expendable in a storm of this magnitude. A fill elev.
.of + 15.0 MSL would be feasible with'a seven-foot high floodwall along

the front. The extreme wave force for this storm and location is concen-
trated below elev.+ 19.0 MSL. Water ‘above this elevation is wave run=-up
and can cause 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 water depth of 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 force -elevation
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ghown in Figure 1 if they are designed for. a hydrostatic -force of 64
N pounds per cubic foot. .Below the top of dynamic force elevation -struc+
iu" 3 ‘tural framing members should be designed to withstand the dynamic wave
S ‘force shown in Table I. This force is given in pounds per lineal. foot
- ‘of width along the beach. An 18-inch diameter pile, for example,. should
' ‘be designed for 1.5 times the value shown.

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

-,

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-
centration moving with the- tide.

. Wind speed and beach gedmetry are such that design should be for breaking
‘waves., :

Experience shows that unpaved shell and- 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 stabilization must extend out to at least
the bottom of any.side ditches. . ‘ '

- .

~Basic References:

e AShorejProtection'Planhing and Design, Beach Erosion Board of the Chi££
of Engineers, U, S. Army,. 1961.

.Oceanographical Engineering, Robert L. Wiegel,.Prentice-Hall,:1964.

.Wave Forces:

Wave forceé‘for~véryihg-waten depths-are‘shownfin.Table 1. The use of
these ‘values is illustrated in Figure 1. :

.Explanation of Terms:

The following discussion is concerned with the structure as a whole, It
- deals with any one 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.

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.
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e _ v APPENDIX - 3

Definition of terms: :"Wave crest ‘elevation" 'is self-explanatory. For
T ‘maximum overturning of the entire building (maximum pile penetration de-
; r o “termination), use this on the Gulf side of the building and assume a wave
o trough on the other side. The trough elevation is obtained ‘bysubtracting
. '~ . “the wave height "H" from the-wave crest elevation. ‘This hydrostatic
: ‘loading is illustrated in Figure -2a.  "Pm" is the maximum value of the
dynamic force of the breaking wave. 1t occurs at the tide ‘elevation -and .
- drops to zero over a vertical distance of H/2 up or down. This ‘dynamic
‘pressure -acts in combination with 'the hydrostatic -pressure-shown in
"Figure ‘2a. The combined pressure -is ‘shown:in ‘Figure :2b.

‘William A. .Price,.C. E.
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