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ABSTRACT

Two methods of coating sand with fluorescent material and
a technique for recoverina samples and analyzing fluorescent
tracer movement were studied experimentally both in the field and
in the laboratory. The primary objective of the study was to
develop from previously used fluorescent tracer techniques a suit-
able and reliable method of tracina sediment movement on the Texas
Rulf Coast. From the experiments it was found that the best
method of investigating the movement of sediment in the Tittoral
drift, was through the use of sediment coated with acrylic lacquer
and resin. The results of the field experiments conducted during
this study show that the cocating techniques and sample recovery
procedures used are suitable and reliable for tracino the move-

ment of the fine-arained sand of the Texas Gulf Coast.
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CHAPTER I
INTRODUCTION

Vast sums of money have been expended on coastal
structures by almost every country with a coastline.
But, when such structures have interfered with littoral
processes, the costs of the original construction have
sometimes been overshadowed by the costs of repairing,
removing, or altering the structures in order to adjust
to the environmental realities of the site. In 1951
Eaton (9)1 stated that

e « o Knowledge of the littoral character-

istics of the area in which engineering

works are being considered is of vital

importance to the coastal engineer. Any

coastal structure which extends into the

sea will both affect, and be affected by,

the littoral processes. Failure to under-

stand and evaluate these effects properly

is likely to materially alter the economic

value of the completed work. (p. 145)

Taken at face value, Eaton's remark appears to be

a truism which could be dismissed as being not only

The scholarly journal used as a pattern for format
and style of this thesis is the Journal of the Water-
ways, Harbors and Coastal Engineering livision, American
Boclety of Civil Engineers.

1Numerals in parentheses without the abbreviation
"p." refer to corresponding items in Appendix I--
References.




trite, but as pointless as saying that one must know
what loads a planned building will be subjected to in
order to design safe from failure, yet for reasonable
safety and for avoidance of overbuilding. Certainly,
warning an engineer to understand his environment
before designing a structure which may significantly
alter the environment, or which may be seriously
affected by that enviromnment, cannot be considered a
novel admonition. However, civic and commercial
pressures sometimes require that a structure be
designed and built even if the nature of the surround-
ings at the building site are not clearly understood.
This is particularly true in the case of coastal
structures, where the enviromnment is constmantly being
shaped and changed by the dynamic processes of sea and
wind.

The lack of understanding of littoral processes has
not precluded man's attempts to improve on or protect
his coastlines. Man-made barriers such as jetties,
groins, and breakwaters have been used extensively on
coastlines of the world to counteract the destructive
forces of the sea. However, it is ironical that in
many cases structures built to provide protection to
coastlines have actually had the effect of exposing

'adjacent shorelines to even greater damages than those



suffered in the natural state. BSuch classic engineering
mistakes in the battle of protecting shorelines are well
illustrated by man-made barriers reaching into the sea
off California (48) and off the coast of New Jersey
(47). In both of these examples, the structures built
have significantly affected littoral processes. In
California, unwanted accretion occurred at the Santa
Barbara Harbor where building of a jetty to protect the
harbor entrance resulted in sand deposition across the
harbor mouth and simultaneous erosion of the down-drift
shoreline. At Ocean City, New Jersey, groins con-
structed to advance the beach seaward actually resulted
in natural increase in erosion rates and the removal of
artificial fill material offshore. These two selected
examples illustrate what can happen if structures are
built on a shoreline without the designer having proper
understanding of how a structure will affect natural
sediment movement processes.

Engineers and sclentists have long attempted to
investigate and explain the phenomena associated with
shoreline processes. The first truly comprehensive
work, which summarized the knowledge up to the time, was
by D. W. Johnson (17) in 1919. However, the information
Johnson could compile then was largely descriptive.

Since 1919 a number of books (e.g., Johnson, 1951 (19);



King, 1959 (24); Bascom, 1964 (2); Ippen, 1966 (16);
Ingle, 1966 (12)] and many reports have been written
which have dealt with coastline processes., 8Still, much
remains unknown about the mechanics of littoral proces-
ses even though a great deal of knowledge has been com-
piled about the forces which cause littoral drift.

The experimental procedures used to study the
mechanics of littoral processes should be considered in
light of this knowledge. The characteristics usually
gselected in the description of a beach are average grain
size, the range of grain sizes, and the topographic
characteristics of the slope of foreshore and nearshore
zones (see Fig. 1 for a diagram of the beach profile
and generally accepted terminology). Bascom (1), in
his studies on California beaches in 1951, found that
the steepness of a beach slope depends upon the size of
the beach material making up the slope. The larger
sand sizes are assoclated with steep slopes, and the
smaller sand sizes make up gently sloping foreshores.

The beach characteristics themselves are largely
determined by the physical forces to which the beach is
exposed and by the type and gquantity of material made
available to the beach. Beach sediments come from five
principal sources: streams and rivers, which trans-

port sand directly to the ocean; seaward blowing winds
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which transport sand from land dunes; erosion of cliffs;
offshore deposits; and material of biogenetic origin
(14). Beaches may be prevented from receiving material
by natural barriers, such as headlands, or by man-made
barriers, such as jetties, groins, or breakwaters,
which interfere with the flow of littoral transport.
Material is lost, or taken out of the mechanism of
littoral transport, either through the process of wind
transport inland or by sediment flowing into the heads
of submarine canyons (37).

Wind waves are the primary sources of energy which
cause the shaping of beaches. Wind waves affect
beaches in two major ways. First, steep waves tend to
erode beaches by taking material from the foreshore
~ zone end depositing it offshore, whereas waves of low
steepness bring material from the nearshore zone and
deposit it in the foreshore zone (Fig. 2). Another
effect results from waves breaking at an angle to the
beach. When this occurs, a longshore current, or
littoral current, is set up parallel to the shore in
shallow water (26). It is this current which causes
longshore drift, the tramnsport of sand, in the surf
zone,

Other phenomena which cause sand movement are rip

currents which transport sand seaward, and the zig-zag
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movement of water (upslope-downslope) in the swash zone.
This zig-zag motion of water results in sand movement
called beach drift. The longshore drift and the zig-
zag beach drift together constitute littoral drift.
Fig. 3 portrays the nearshore circulation and the
general directions of sand movement. It can be seen
from the effects of circulation that sand transport is
due to wave action in the breaker zone, seaward trans-—
port by rip currents, longshore transport in the
direction of the littoral current, and movement in the
swash zone by beach drifting.

Since the mid 1950's, a large amount of research
has been conducted in the field of sediment transport
along coastlines, particularly along the California
coast, by American investigators. As a result of the
development of sediment tracing techniques, as well as
better methods of physically describing shoreline
processes, a great deal of information has also begun
to accumulate specifically pertaining to littoral
transport, especially as it pertains to speclfic areas
of interest. Studies of littoral transport have taken
place in the laboratory as well as in the field. 1In
the laboratory, mathematical models and wave basins
have been utilized to attempt determination and pre-

diction of both direction and rate of sand transport.
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In the field the tracing of identifiable particles has
been used to study the mechanics of littoral transport,
while studies using observable accretion or erosion to
measure transport rates have also been conducted.

In the United States, sediment transport studies
have been conducted on the east and west coasts,
particularly at or near harbors and inlets. Only one
such investigation, a limited study by Malone (28) using
radioisotope tracers near Galveston, has been carried
out on the Texas Gulf Coast. A simple glance at a map
of the Texas coast is enough to raise the question of
why so little work has been done on the tracing of
littoral drift. A knowledge of the littoral character—
istics of any coastline is an invaluable tool of the
coastal engineer, sedimentologist, beach developer, or
state planner. With its long coastline and expanding
population, it is logical to assume that in the future
the Texas coast will undergo great develcpment, both
industrial and recreational. When this time comes,
errors in coastal structure design and planning can be
avoided in Texas. However, such errors can only be
prevented if a study of the sediment movement on the
Texas coast is first undertaken.

In this paper, the writer will review some of the

various techniques used by investigators to trace beach
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sand movement. These techniques will then be analyzed
in order to justify the writer's selection of the
method employed in the experiments. The technique of
tracing beach sand coated with fluorescent paint will

be shown to be the most feasible method available in
terms of cost, effort, safety, and time. It was
necessary to verify by field tests on a Texas beach the
technique used since the environmental characteristics
where the east and west coast studies were conducted

are significantly different from the characteristics

of Texas beaches. The California beaches on which Ingle
conducted his studies are typiéhlly steep and have an
average median sand size greater than the very fine sand
found on the gently sloping Texas beaches. The dif-
ference in grain size also applies to east coast
beaches. In addition, wave heights are usually con-
siderably greater on the Pacific and Atlantic coasts
than on the Gulf beaches.

In the experiments no attempt was made to obtain
Quantitative information concerning beach movement, but
rather simply to develop a method which can easily and
inexpensively be applied by future investigators in
what is hoped will be a comprehensive study of littoral
drift along the Texas Gulf Coast. In addition to a

review of previously used techniques of beach tracing,
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and a detailed description of the experiments, a brief
history of the test site and justification for the
selection of this site as a test location will be given.
Based upon the results obtained from the experiments,
recommendations for future experiments will also be

made.
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CHAPTER IT

AVAILABLE METHODS FOR INVESTIGATION OF BEACH SAND
MOVEMENT

Both laboratory and field studies of beach sand
movement have limitations which need to be identified
and understood. As a result, it is important to review
gsome of the major work dorme in order to place these
limitations in proper perspective,

Methods Based on Laboratory Investigation.--In the

past 25 years, many attempts have been made to dupli-
cate beach processes with models. The first important
work was by Krumbein in 1944 (26). Later, Saville (35)
used model studies to relate the littoral transport of
sand by wave action %0 wave characteristics. Although
these studies provided some information about the
processes of littoral transport in the model wave basin,
verification of rates of transport or correlation with
actual field data was not satisfactorily achieved.
Recently, Russell (34) used fluorescent coated pebbles
in the laboratory to trace beach shingle movement and
to obtain data for the measurement of transport rate.
He then applied his laboratory-derived relationships to
actual conditions in the field in England at three

beaches about which quantitative information concerning
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actual erosion and accretion was known. Russell's
comparison between the theoretical and the actual total
amount of sand transported differed by over 60 per cent.
However, this study by Russell is significant in that it
was the first effort to obtain quantitative relation-
ships for littoral tramsport through the use of model
tracing employing fluorescent coated material,

The main deficiency of using model studies to
determine what will occur on beaches is that to date
model technology is not adequate to accurately duplicate
all natural coastline processes simultaneocusly. In
1960, at the conclusion of an extensive study of lit-
toral processes off an inlet on the west coast of
Denmark, Reinalda (33) stated,

The most important conclusion is that in

small-scale models in which problems con-

cerning littoral drift are studied, a

considerable scale effect may occur in the

transport distribution in a line perpendicu-

lar to the coast. At the same time it

appears that this may result in phenomena

in the model which eatly deviate from the
prototype. (p. 324

Some investigators, having sufficient knowledge of past
changes in bottom configuration, and using artificial
material in place of sand, have been able to construct
workable models. Noda (32) used vinyl pellets to
simulate the sand in the prototype and claimed

satisfactory similarity. However, he admitted that "it
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is almost impossible to verify the quantitative char-
acteristics in the model experiment® (p. 567).
Consequently, it is evident that the mechanisms of
sediment movement due to wave action and current are
not sufficiently understood to obtain reliable working
models in the laboratory. Most reliable work in the
study of littoral transport has therefore been con-
ducted in the field.
Methods Based on Field Investigation.--In the field,

attempts to determine sediment transport both quantita-
tively and qualitatively have been tried. The most
reliable quantitative investigations are those associ-
ated with measuring amounts of material trapped by
natural or artificial barriers along the shoreline.
Qualitative studies include tracing of radioactive
sediments, tracing of natural heavy minerals, and
tracing of fluorescent and radioactive coated sediment
particles.,

Although there are problems associated with field
tracer studies, the results obtained do not involve
the discrepancies evident in model studies. The tracer
particles used must fulfill the requirement of having
identical hydraulic characteristics with the sediment
of the study area, but still must be readily identifi-

able when mixed with surrounding natural sediment.
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This means that size, shape, density, distribution, and
strength of the tracer must be the same as the sur-
rounding sediment and that the tracer must have a
physical characteristic by which it can be identified
(10). The physical properties used so far to dis-
tinguish tracers are those of radicactivity, composi-
tion, or color.

Quantitative Field Studies.--A prominent work in
the gquantitative study of littoral drift was conducted
by Johnson (20) along the coast of California. Studies
of this nature are continually in progress. Quantita-
tive information obtained in these studies is valuable
in areas contiguous with naturel or artificial barriers.
If there is no intervening topography which adds or
detracts from the littoral drift between a site in
question and an existing barrier, then quantitative
measurement of accretion or erosion against the barrier
should give a reliable estimate of the rate of littoral
drift at the site in question. However, quantitative
information on littoral drift gained by this type of
observation must be applied with care in evaluating
littoral drift at areas very far from where the quan%i-
tative measurement has been made.

Radioactive Tracers.--Since 1954, when Japan and

England first carried out tracer studies using radio-



17

active tracers, there have been many experiments with
radioactive labeling material or naturally radioactive
sediment. Table 1 lists selected experiments that have
thus far been undertaken. It is interesting to note
that the bulk of radioactive tracer work has been done
in Europe and Japan, although Inman and Chamberlain (13)
and others have used radiocactive tracers in the United
States. The radioactive tracer technique, when compared
with other techniques of tracing beach sediment, has
two primary advantages: (a) the method is applicable
to all sizes of material, and (b) it is possible to
detect the tracers in any sea state even when the tracer
material has been buried. However, there are a number
of disadvantages in the use of radiocactive materials.
The paucity of radiocactive sediment tracing in the
United States may be explained on the basis of these
disadvantages, which Ingle lists:

(1) In many instances the level of radio-

activity is hazardous or at best presents

legal complications if used on public beaches,

(2% artificial materials (glass, etc.) con-

taining isotopes are seldom hydrodynamically

equivalent to natural sand ains in the

environment under study, (3) if surface

absorption or plating is not used, the naturally

occurring grains must contain an isotope readily

activated upon bombardment, (4) the use of

naturally occurring sand requires a lengthy

preparation before and cooling period after

bombardment in an atomic pile, (5) the cost
of radiocactive techniques is relatively high.

(p. 10)



“6v~o *dd ‘(zz) xxrep pue uospTy I83FE POTITPOW
STBIMABN = N ‘TOYOTFTAIV = ¥ ‘STBUTUS = 4 ‘PUES = § ‘37TS = y

8oURIy *INODY 266T i1 A Nmaam §9813 8pog oiuwT peresodiocuas ¥ g
TesnyJog wotanIos
‘odapuoy @dep LGET 042 g oHqu B1BILTU JIBATTS JO TOTIONDSET ¥s
SPJIEMAUO pues zixenb ar £q1andmy
“Y*S°0 ‘BTUIOITIRD G561 ¢ T g 2¢d sniogdsoyd jo wotieTpRm %3
‘gg st 9661 T1°S% £ 6o SuTTTaqRT WITF sefe-Tedy NS
aouRIy Ss61 9°81 Ligy 9™ $8813 9pos uT BUTTTaqEY ss¥y vs
*¥s*n
‘ovsToUMRTy Teg 658561 Le 4 a61"v moTantes se patiddy N
. - BuritaqRT 03 juasnbagans
soueay ‘®ooOg BY 5661 B2 £ 130 §5913 epos Jo FmTusnxp ¥Ss
uspeng ‘otTateg 4661 SuTlTeQel 8dowjamg N g
SPURTIAYI 8N 9561 9°0 £ AL SpRaq ssersH Y3
wedep ‘opTENHCH GEHT 56T cHe £ ¢g%Z sse1? wpos o1 pappe adojost v e
328foag wDUES
¥319] SPTETIsY3oN 6-8561 -uea1d, 337087 03 patrddy Y s
souBIg
‘anopy ‘puelfuz
‘ganomyey 3vaIn y §SBTZ ®pos jJo
pUeSum ‘afoog L56T-156T ¢ gy°S  PUTPUTLR Isije BurrreqeY ssEy vs
’ ToTInTos 5B patrddy N u
sseTd vpos ;o
Lremasy semeyy S56T HG6T BuTputad I9jye JuUTTTeqeT Seey ¥ U
SAB(T
8ITI-JTeH 4Ly edojosy syredsy Burryage]
. auwamtaedxy - U0I308I4
s Jo s3uq BuiTTequT o aansey qowag

TVINILYW HOVAY ONIMYVW ¥04 qASN SAIOLOSI FATIOVOIAVE--"T 9Tq®BI



19

Several methods of preparing radicactive tracers
have been used by different investigators. In tracing
silt and sands, one method employs ground glass, which
is labeled by incorporating a radiocactive isotope. The
glass tracer is then reduced to the size range of the
sediment under study and placed in a reactor for
irradiation. Another method, though not widely used,
is the labeling of natural sediment particles through
absorption of chemical solutions containing isotopes.
Large amounts of material can be labeled in this
manner, but too many procedural problems for easy use
are generally caused by the variations in absorption
rates between grains composed of different materials and
the necessity of increasing absorption by annealing
(23). Surface plating has also been used by investi-
gators (29), as well as insertion of a radioisotope
into drilled holes in large size natural sediment
particles (38).

Where natural beach material, containing a radio-
isotope, is present, the tracing of the dispersion of
the source material is readily accomplished by taking
samples and then irradiating the natural isotopes con-
tained in each sample. By this method beach tracing
off the coast of California has been accomplished by

Inman and Chamberlain (13) who obtained samples of
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quartz sand containing phosphorus. The samples were
then subjected to irradiation and returned to the test
site. At arbitrary periods shortly after the rein-
troduction of the irradiated quartz to the beach sand,
surface and subsurface samples were taken from desig-
nated points in the test area and analyzed for their
irradiated particle content. The concentration of
tracer in each sample was determined by exposing the
samples to x-ray film, and the black dots made on the
film were counted. A pattern of dispersion from the
point of injection was ascertained, and the direction
of transport was determined. The greatest disadvantages
of this method, other than the inherent problems of
radiocactive tracing, are that direct detection is not
possible since only short beta rays are emitted, and
that the isotopes occurring in natural sand have short
period half-lives, usually less than 30 hours,

Kamel and Johnson (21) also studied sediment trans-
port along the California coast, using naturally radio-
active thorium as s means of detecting the direction
of littoral drift. Of the three natural sources of

232, they
232

gamma radiation in rock, K&O, U238, and Th

212

determined that Pb series,

, & daughter in the Th
would best fulfill the needs of detection of thorium

and discrimination from uranium. In their study, sand
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samples were collected at mid-tide from many different
places on the beach from the Russian River south to
Point San Pedro. Source areas for radiocactive thorium
were identified in the region, and the decrease from
the source area in concentration of thorium or heavy
minerals was used to indicate the longshore drift.

To determine the effects of progressive sorting (due

to transport by longshore currents) and to eliminate
local sorting (due to oscillatory motion of the waves),
analysis of thorium and heavy mineral concentrations
were made only for the 74 to 177 microns size fraction.
Results of the study were arrived at by analyzing the
distribution of beach samples, with their thorium and
heavy mineral concentrations, along with wave diffrac-
tion diagrams.

Natural Tracers.-~In the past 40 years geologists
have used heavy minerals to trace the source of sedi-
mentary deposits. Properties inherent in these natural
tracers include high density, color, and radioactive
or magnetic characteristics., Since heavy minerals have
a tendency to remain in the foreshore-inshore zones
rather than to be transported offshore, they can, in
some cases, be used effectively to trace the direction
of littoral drift after many years of sediment trans-

port have taken place. That is, a decrease in the
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heavy to light mineral ratio concentration may indicate
direction of littoral transport. The basic requirement,
in order for a study of heavy mineral concentration to
be meaningful in terms of littoral transport, is that
an identifiable source which contributes sediment to
the littoral current must be present. There is some
disagreement among investigators of littoral transport
as to just how effective the use of natural tracers
really is. Galvin (10) claims that,
Because of their untypical size distribution
and density, and because they can rarely be
referred to a unique source, natural tracers
are less satisfactory than fluorescent or
artificially radioactive tracers in studying
sediment motion. (p. 6)
Opposing this view, Byrne and Kulm (6) have stated,
Radiocactively tagged and fluorescent dyed
sands have proved extremely valuable as
indicators of short-term (days or months)
sediment movement., However, for long-term
(centuries) sediment transport, natural
indicators, where they can be properly
interpreted, are still the best. (p. 181)
McMaster (30) compared the mineral heavy fractions
and light fractions of samples collected on the beaches
of Rhode Island to determine the trend in littoral
transport direction. On the Pacific coast, Trask (42)
used mineral grain analysis to determine the source
of sand accretion at Santa Barbara. In his study,

relative percentages of the various minerals on the
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Santa Barbara beaches were used and compared with
percentages of samples collected along the coast as far
as 250 miles north. The decreasing percentage of
augite, making up a large portion of the sand at Santa
Barbara, and coming from an augite source 100 miles
north of Santa Barbara, gave Trask the idea that this
northern source was the primary supplier of sand being
deposited in Santa Barbara Harbor. In 1965 Cherry (7)
studied the long-term beach and offshore sand movement
on the coast of California between Drakes Bay and the
Russian River by tracing relative concentrations of
heavy minerals from their sources in the area of study.
From his analysis of hindcast swell data, refraction
diagrems, availability of sand, and knowledge of
stable coastline slopes, he concluded that the beaches
in the study ares were in equilibrium, with negligible
net gain or loss of sand.

Fluorescent Tracers.--Teleki (40) defines
fluorescent tracers as:

« « « Clastic particles coated with selected

organic or inorganic substances, which upon

excitation of 3650A or 25374 wave lengths

ultraviolet light emit fluorescence of

variable wave length and intensity in the

visible region of the spectrum. The term

luminophore (primarily in Russian literature),

although it also encompasses phosphorescent

tracers, is interchangeable with fluorescent
tracers. {(p. 249)
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Although attempts to impregnate or coat sand par-
ticles were made as early as 19%8 in Germany, the first
publication pertaining to fluorescent coating of tracers
was in 1956 by Medvedev and Aibulatov (31) of the |
Soviet Union. Since that time studies in beach tracing
through use of fluorescent tracers have been conducted
in Britain, Germany, India, and the United States.
Probably the reasons for such a surge in littoral
transport investigations, using fluorescent tracer
techniques as compared with studies using radioactive
methods, are evident in the advantages of fluorescent
tracer techniques. As stated by Ingle, they are:

(1) naturally occurring coarse silt, sand,
or cobbles from a study site can be readily
marked, (2) the majority of dyes employed
present no legal or health hazards, (3
different fluorescent hues can be used to
differentiate between successive tests at
one locality or to trace the movement of
different size fractions, (4) solubility of
binding media may in some cases be adjusted
so that dye will adhere to grains for a
period of from several days to several years,
(5) cost of dyeing is relatively cheap, (6)
dyeing can be accomplished anywhere and can
in fact be carried out at the study site,
(7) the time required for dyeing sand is
short, often entailing only minutes, (8)
the sand to be dyed in most instances does
not require special prepsration prior to
dyeing other than drying, (9) sensitivity
of the fluoresceng technique is at least
one grain in 1+.10® grains, which is equiva-
lent to radioactive techniques, and (10)
dyes do not affect the hydraulic character
of the labeled sand grains. {(p. 11)
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However, there are some disadvantages inherent in
this technique. In its early stages of development,
care had to be teken in choice of fluorescent substance,
since some dyes were toxic or attacked the skin and
were also susceptable to deterioration by sun and salt
water., Another major disadvantage compared with radio-
active tracers is that for accurate analysis it is
necessary to collect samples., The first two disadvan-
tages have largely been overcome with continual
development and testing of existing and newly marketed
materials. There are several methods of tracer pre-
paration now available which achieve a multiple color
possibility, variable tracer durability and longevity,
minimum thickness of coating, retention of the original
volume or specific gravity, and preservation of the
original shape of the particle. Table 2 shows a
selected list of possible dyestuffs and colors which can
be used in coating fluorescent tracer material.

As noted previously, sediments dyed with fluores-
cent substances have been effectively used to trace the
movement of natural beach sediments. Among many
investigations conducted outside the United States,

R. C. H. Russell's work (34) stands out as an attempt
to obtain quantitative as well as qualitative results

using fluorescent tracers. Russell attempted to
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construct a method of quantitatively measuring littoral
drift along a beach. The experimentation was developed
in the laboratory of the Hydraulics Research Station,
Wallingford, England, and then carried out on three
different beaches on the English coast. Long-life
fluorescent tracers were used, and only littoral drift
along shingle beaches was investigated.

The laboratory method by Russell was the so-called
dilution method in which tracer is injected at a known
steady rate into a channel of unidirectional flow,
followed by sampling downdrift from the injection point.
Sediment transport rate is then calculated by Q = q/c;
where Q is the sediment transpori rate, q is the rate
at which tracer is injected, and ¢ is the concentration
of tracer in the sediment. In Russell's laboratory
model, small variation waves were generated cyclically
at a shingle beach having individual grain size varia-
tions from 1 to 10 mm. Tracer material taken from
traps on the beach was coated with fluorescent dye
and replaced casually on the beach at the rate of 1/400
liter every three minutes for two hours. The degree of
concentration was determined by obtazining the count of
fluorescent particles visible per square foot of surface
and applying the count against a concentration calibra-

tion. The value of @ was then obtained and checked
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against a value of Q obtained by mechanically trapping
material as it drifted along the beach. The differences
between these two values of Q were explained by Russell
to be the result of two main errors, one involving the
counting of randomly distributed particles, and one
resulting from the moving layer of shingle and tracer
being undesirably thin. It was also found from the
experiment that the size of the moving sediment was
coarser than the material of which the beach was
composed,

Russell found that under the more complicated
conditions of littoral drift in two directions, caused
by the change in direction of incoming waves, the
dilution method can be used to predict transport rate
only if it is assumed that the drift pattern for =a
short time (a few days) is the same as the general
pattern over a long period (years). Russell also
developed the mathematics to relate the movement of
tracer to littoral drift under conditions of movement
in opposite directions by using an analysis of bins
dumping into each other a specified amount p to the
right an g to the left, while the central bin con-
tinuously receives material. Distribution curves of
concentration versus distance units from the injection

point {(central bin) can then be plotted for various
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values of p and q. Accordingly, 1f the tracer is added
to the beach at a rate m/t, where m is volume and t is
time, and if the concentration at a point x is Nx’ and
if the concentration Cx of tracer is measured, then the

net rate of transport may be found from:

ml¥
(p - g) x
Q = - . -

X
Curves derived from the above relationship were

then used to obtain @ from field tests on the beaches
of Rye, Dungeness, and Deal. Tests were confined to
shingle beaches since Russell felt that sand tracer
lost offshore could not be estimated, whereas shingle
is generally assumed to remain on the beaches.

Crushed concrete was used as tracer material, dumped at
the rate of 700 pounds per week at Rye and Dungeness.
The distribution was surveyed after 22 weeks and 52
weeks for calculation of Q. At Deal the tracer was
dumped at the rate of 100 pounds per day for 21 days
and then surveyed. At all sites samples were surveyed
at 200 feet, 500 feet, 1000 feet, 2000 feet, and 3000
feet on either side of the injection point. The area
in which the pebbles were counted was initially 36
square feet at Deal and 100 square feet at Dungeness
and Rye. For Rye, the calculations could be compared
with a known volume of aceretion. A comparison of this

known volume with the calculated volume for one year of
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transport revealed a disparity between the 535,000 tons
of shingle actually moved by littoral processes and
the 31,000 tons estimated by calculation. The calcu-
lated drift at other locations was consistent in that
the smallest drift was found to be at the beach which
was least exposed to big waves, whereas the largest
amount of drift was at the most exposed beach.

In the United States, pioneer work in beach tracing
using fluorescent tracer material has been largely
carried out by Ingle, Wright (50), and Yasso (51).
Ingle’'s work on the California coast represents the most
extensive study of littorsl transport using fluorescent
tracers conducted in the United States. From pilot
tests conducted in 1959 (12), Ingle established the
feasibility of using fluorescent dyed sand grains to
trace the movement of sand in the foreshore zone. 1In
1962 he initiated a full-time program of research which
lasted one and one-half years and was performed on five
test beaches along the southern California coast.
Surveys at the test beaches were performed at month or
month and one-half intervals during the study's dura-
tion. From each of the five beaches Ingle collected a
100 pound sample of sand, which was dried and sacked,
then sent to a commercial firm for dyeing. Ingle does

not describe the dyeing procedure used since the
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commercial company requested that this information be
withheld for competitive reasons. Nor does he state
whether or not the dyeing procedure used can be dupli-
cated in the laboratory, although he does say that the
dyes employed were fluorescein and rhodamine-B., After
dyeing and redrying, the sand was placed in vinyl bags,
holding 5 to 10 pounds of dyed sand each. The sand was
then taken back to the test sites and released on the
beach. Ingle reports:

At the ‘time of release the plastic bags

containing the dyed sand were carried into

the surf and broken simultaneously on the

bottom at predetermined release points.

Release points were located at the up-

current end of a sample grid, allowing the

majority of samples to be taken in the area

of greatest tracer tramsport. (p. 19)

The sample grid was established on the test beaches
(each sample grid was about 500 feet long) after the
direction and relative strength of movement of the
littoral currents had been determined. A4 quick
sampling method was developed by trial and error. This
consisted of taking a surface sample by pressing a
vaseline coated card onto the beach bottom, causing the

top layer of sand particles to adhere to the card.

Ingle describes this collection procedure:
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This first collection of quick samples was
usually begun 5 min {sic] after release of
tracer sand although this period was lengthened
if weak conditions prevailed to allow movement
of the tracer. After collection of one round
of samples, a second collection was initiated
almost immediately. However, up to 60 min, was
again allowed to elapse if weak surf prevailed.
As many as four sample collections were com-—
pleted at increasing elapsed times after tracer
release.

During the duration of each test measurements of
wave height and period, current velocity, and wind velo-
city were made several times. Profiles were measured
during each test along the line of tracer release perpen-
dicular to the shoreline. Ingle reports the next step:

Upon return to the laboratory the grease and
sand coated sample cards were examined under
a short-wave ultraviolet lamp. . . . Numbers
of fluorescent grains adhering to each sample
card were tabulated and the area of the cards
covered by sand also noted. In this manner
the number of fluorescent grains per square
inch of surface area was obtained for each
sample station and interval ssampled.

[The values obtained per ]| card were corrected
to compensate for the elapsed time between
release of the tracer and the last sample
collected in each sample round. . . .
Corrected tracer concentrations were then
plotted at their respective stations and con-
toured with isopleths representing equal con-
centrations of fluorescent grains per square
inch of surface area. (pp. 42-44)

Contour maps, from which directional tendencies of the
littoral transport could be ascertained, were con-
structed for each sample series. These contour maps

depict fluorescent concentration within the sample grid
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at increasing time intervals after tracer release.

Wright's (50) work consisted primarily of
developing a simple inexpensive technique for marking
gsediment particles with a fluorescent coating and
devising appropriate analysis procedures. The site of
the field work was the beach at Horseshoe Spit, Sandy
Hook, New Jersey. The beach consists of medium to
coarse, well-sorted quartz sand having an average
median diameter in the test area of about 0.6 mm.
Wright tested 8 different dye substances before
choosing an anthracene and chloroform sclution for sand
labeling. Wright's definitive statement of the charac-
teristics of the anthracene coating is quoted below in
its entirety for later reference in Chapter IV.

Anthracene is a colorless, very brilliantly
fluorescent (when slightly impure) material
which is readily soluble in various orgasnic
solvents but insoluble in water. . . . It is
quite stable under all conditions to be found
on beaches; it lends itself readily to a
variety of marking techniques; its bright
Yellow-green color under ultraviolet light
is unlike the color of any of the naturally
fluorescent materials (mostly kelp fragments
and small arthropods) found in the beach
sand. (p. 4)

« » « It was found that the material
[anthracene] would adhere quite satisfactorily
to the surface of grains . . . and although
cbviously brittle, was able to survive 24 hours
of constant agitation in a ball mill with a
negligible loss of weight (0-023%). The
coating actually increased average particle
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weight by slightly less than 0.1%, and the
thickness was so slight that it could not

be measured by mechanical means. It seems
likely that the resistance of the anthracene
coating to abrasion is a result of the
gentleness of impact between particles of
this size (median diameter between 0.5 and
0.7 mm.) in the presence of a cushioning
layer of water. In the field it was noted
that the film on particles of pebble size
(m.d. 4 - 6 mm.) persisted over two weeks
under moderate conditions, and marked sand
particles remained identifiable three or four
weeks. Despite these occurrences, the effec-
tive life of particles marked in this manner
is believed to be approximately two weeks;
certainly sufficient time for dispersal to
have ended the usefulness of any but a very
large run for quantitative sampling. (p. 4)

Wright's marking procedures were developed in the
laboratory but were readily adaptable for field
marking. First Wright collected a small amount of sand
(50 - 80 pounds) from the proposed test site, washed
it in water to remove extraneous materials, then
drained and rewashed the sand in denatured alcohol to
remove pollutants adhering to the particles, afterward
immersing it in the anthracene and chloroform solution.
After thorough mixing to ensure that all particles
had been coated, the sample was drained again and
spread in a well-ventilated place to dry. As in Ingle's
procedures, a sample grid was laid out at the test site.
However, Wright's grid was much smaller since the wave
climate on his site was much calmer than at Ingle's

sites. A total of four tests were run, with the
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largest grid being 24 by 32 feet, and the smallest 20
by 20 feet. In general all four grids were placed so
that the depth of each ran from the limit of high tide
to the low tide mark. Sampling locations within the
grid were spaced at 2 foot or 4 foot intervals. All
sampling after injection of coated material was
accomplished when the beach was uncovered at low tide.
The injection method consisted of spreading the coated
sand along a measured line so that a ribbon of marked
material, & - 8 cm. in width, was obtained. Collection
times at the sampling locations within the grid varied
from half a tidal cycle to two complete diurnal tidal
cycles. Samples were taken with a cookie cutter which
rad a depth of penetration of two centimeters.

Marked particle concentration in the samples was
analysed by splitting the collected sample from each
sample point and then recording the number of the last
split in which marked particles could be seen under an
ultraviolet lamp. Assuming that the number of marked
particles in a given sample is a power function to the
base two of the number of subdivisions required to
yield a fraction containing no marked material, the
tracer concentration in the totel sample could then be

determined.
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Yasso's (51) method of beach tracing differed from
Wright's and Ingle's both in the coating technique and
in the technique for obtaining samples after injection
of the coated material. In his study, which was also
conducted on the beach at Sandy Hook, Yasso employed
one of the dyeing techniques he had previously inves-
tigated. Particles in four size classes ranging from
1.397 mm. to 0.589 mm. were selected for marking as
tracer particles. Each size class of particles was
coated with a different color mixture of Switzer Day-
Glo aerylic lsecquer and American Cyanamid Beetle resin.

At the test site a sampling line was established
100 feet downdrift of the coated sand injection point.
A single point injection procedure was used, the test
sample being injected in one lump at a point located
at mid-swash level. Collection of samples on the
sampling line began 20 minutes after injection of the
marked particles. Yasso used a tin can bent to scrape
a channel 0.18 foot wide and 0.10 foot deep along the
sampling line. The dug channel began at the backwash
limit and extended about 10 feet upslope towards the
swash limit. The center one-third of each length of
sample was used for analysis of tracer concentration.
Concentration was determined by exposing the sample to

an ultraviolet light and then extracting the tracer
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particles. In this manner Yasso compared tracer con-
centiration along his sampling line with time from
injection of the tracer sand.

Comparative Analysis of Tracer Methods.-~Although

all of the available methods described above for beach
tracing accomplish more or less the desired result of
determining littoral drift patterns, each method has
inherent disadvantages and advantages over the other
methods. After making a comparative study of the
available methods, the writer decided to select one or a
combination of them which could be modified to trace
beach movement along the Texas Gulf Coast. The criteria
for selection were that the coating material must have
more than a few hours of effective life and that the
tracer could be followed equally well in areas such as
inlets as well as along straight shorelines. In addi-
tion, the method selected would have to be adaptable to
the distinct characteristics of the Texas coast. That
is, it must work for very fine-grained sand, gentle
beach slopes, narrow foreshore zone, and generally mild
surf conditions. Also, since future studies are en-
visioned to take place upon beaches used for recreation,
the tracer material must not be hazardous.

Although a model study, employing some type of

traceable material, was considered as a possible tool



58

for studying beach movement, any results obtained from
the model study would need field verification before
more extensive model studies could be undertaken. And,
in view of the difficulties experienced in trying to
duplicate the complex changes which occur along a real
beach, it was thought that only a field test could
realistically test any method selected. The correlated
study and field test performed by Russell had the
limitation of being conducted with pebble and cobble
sized material. OSince his test attempted a quantita-
tive analyses, it bears close scrutiny as a possible
means of prediction for the littoral drift along the
Texas coast, with its well-sorted sand distribution.
Unfortunately the differences in the mechanics of cobble
and sand transport are too great for use of Russell's
curves or his methods. Pebbles and cobbles move along
a path which can be more precisely determined than the
movement of fine sand grains., And, when dealing with
grains having a median diameter of approximately

0.15 mm., as is the case on the Texas coast, concentra-
tion of tracer particles are more significantly
affected by burial of the sand or by grains being put
into suspension. In the surf zone, sand grains travel
in three dimensions, whereas pebbles move primarily

with the bed load in the direction of littoral currents.
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Unlike pebble concentrations, which can be easily
measured because of pebble size and movement along the
bottom, sand concentrations must be deduced from only
a few points in time and space. And, since the con-
centration gradient of the sand movement is asymmetrical
from the injection point, quantitative measurement is
at best a guessing game with the present methods
available.

Tracing through use of natural heavy minerals was
patently unsuitable, since too general a qQualitative
finding is inherent to this method. Although radio-
active tracing has certain advantages, and has been
shown by Malone (28) to be suitable for application on
Texas beaches, there appear to be too many major
disadvantages which cannot be minimized and which
provide formidable obstacles teo an extensive study.

The method which appears most suitable is the method of

fluorescent tracers.



CHAPTER III
THE STUDY SITE

In order that the writer's field experiments might
provide the groundwork for future studies, as well as
give future investigators a reliable method of sediment
tracing, the field test site had to satisfy three major
requirements. First, the site had to be easily acces-
sible for logistic purposes; second, the area should be
one at which future development (for recreation or
industry) would be likely to occur; and third, the site
should be at or near an area worthy of future study,
for example, an inlet, harbor, or breakwater. A test
site which could fulfill all of the above requirements
is located only 160 miles south of Texas A&M University.
This site is at the mouth of the Colorado River near
Matagorda on the central Texas Coast (Fig. 4).

A more precise map of the study area is given by
United States Coast and Geodetic Survey on chart No.
1284, The river mouth itself is located about 94 miles
southwest of Galveston, 47 miles southwest of Freeport
Harbor, and 32 miles northeast of Pass Cavallo. The
nearest town to the river mouth is Matagorda, six and

one-~half miles up the Coloradoc River.
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General Characteristics.--As seen in Fig. 5, one

access road, which runs parallel with the river from
the mouth to the town of Matagorda, leads directly to
the beach. Although the photograph in Fig. 5 presents
the beach area in 1957, the road shown is still in
existence. The importance of having access directly to
the study site is primary since the amount of equipment
required (transit, test sand, survey level, etc.) was
too much to hand carry any great distance.

The physiographic and hydrographic features of the
test site are typical of the Texas shoreline. At the
mouth of the Colorado, the mean diurnal tidal range is
about 1.0 foot., In the winter, prolonged north winds
may depress the water surface several feet below mean
low tide, whereas south and southeast winds in the
summer raise the water surface as much as 3 feet above
mean low tide. Inland, at Matagorda, the water level
in the river has been recorded at as much as 14 feet
above mean low tide during a hurricane. The mouth of
the river is usually obstructed by both an offshore
bar and a spit on the northeast side, making the
controlling depth in the mouth of about one to two feet
at mean low tide. The depths over the bar change
frequently as a result of floods on the river and storms

in the Gulf. Also, the configuration of the spit is
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constantly being changed by littoral drift, which has a
predominant direction to the southwest. This littoral
drift tends to build up the spit, whereas gulf storms
tend to erode it. In the absence of storms, and from
the prevalence of mild wave conditions, the spit
enlarges to the southwest, at times almost closing the
channel entrance, because the river velocities at the
mouth are insufficient to keep the channel scoured of
sediment deposits.(Fig. 5).

The test site lies in a region with warm summers,
mild winters, and high relative humidity. The lack of
marked topographic relief features, the prevalence of
southerly winds (except for short periods of northerly
winds brought by high pressure air masses moving down
from the north), and the site's position on the Gulf of
Mexico all contribute to the mild climate. The mean
average annual temperature is about 70°F, with January
being the coldest month and August the warmest month.
Mean annual precipitation, based on records for Houston,
is about 45 inches. The area is subject to intense
short-period thunderstorms, rainfall associated with
general storms which may last several days, and heavy
rain from hurricanes or tropical storms. Although
floods may occur any time during the year, the broad,

marshy characteristics of the lower flood plein produce
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slow-moving floods which do not significantly alter the
configuration of the river mouth (43).

There are a number of indications (46) that steps
will be taken soon to overcome the natural shortcomings
of the site for commerce and recreation. Local
interests have tried for many years to have the federal
government improve the mouth of the Colorado to promote
greater commerce and add to the recreational attraction
of the area. At present the only commerce consists of
shrimp and fish caught in the Gulf and adjacent bays.
However, the shallow depths and the shifting bar and
spit make the channel prohibitive to boats having
drafts greater than the controlling depth in the inlet.
It is claimed that if the mouth were deepened and pro-
tected by Jjetties, shrimp commerce landing at Matagorda
would increase by five million pounds (46), and that
the opening of a channel sufficient to take larger
boats would greatly enhance the area's sport fishing.

Since the early nineteen fifties the U.S. Army
Corps of Engineers has considered the mouth of the
Colorado as a possible site of coastal improvement.

In 1955 a report on the feasibility of either improving
the existing channel or building a new channel at the
mouth of the Colorado was forwarded to the Chief of

Engineers (4% ). However, the report also included
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feasibility studies of other possible sites on the Gulf
for a deep-draft navigation channel, and it was decided
that improvement at a site other than the Colorado was
more feasible at the time. In 1967 another report
concerning the advisability of such improvement for the
mouth of the Colorado in the interests of commerce and
flood contreol was submitted to the Chief of Engineers
(46). The conclusions reached in this latter report
were favorable towards improving the river inlet. The
report stated:

Economic analysis of the selected plan for

providing an entrance channel shows an

immediate need for construction of this project

for timely development of the water resources

of the area. In addition, an emergency

entrance from the shrimping and oil and gas

production areas of the mouth of the Colorado

River is needed. The economic savings which

would result from reducing travel distance

for fish and o0il company service craft and

development of the recreation potential would

improve the general welfare of the people in

the area. (p. 28)

The proposed project plan provides for a jettied
entrance channel at the mouth of the Ceolorado, with a
minimum channel depth of 12 feet. This proposed pro-
Jject has been approved by Congress, and at present
several alternative jetty and channel designs are being
studied for implementation of the project.

The above cited Corps of Engineer reports,

together with a report prepared by Lrs. Arnold H.
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Bouma and William R. Bryant, geological oceanographers
at Texas A&M University (3), provided the writer with
a great deal of specific information about the site
relative to his experiments. Moreover, the documenta-
tion available pertaining to the lower Colorado River
shows that the experiment site is worthy of study not
only for its future commercial and recreational pros-
pects, but also for the unique way in which the channel
entrance into the Gulf was formed. In order to show
how the river inlet affects littoral drift, a brief
history of the river is given below.

Site History.--Until a few centuries ago, the

Colorado River flowed to the Gulf over an alluvial
plain southwest of Wharton (Fig. 6). Then, as a result
of both stream piracy and the uplifting of a dome some-
time in the recent geologic past, the river channel was
shifted west of Wharton, causing the river to flow imto
Matagorda Bay at what was to become the town site of
Matagorda (Fig. 7). In its new channel, the river
meandered back and forth, cutting away at its banks and
slowly building a delta into Matagorda Bsy. The con-
tinuous undermining of the banks resulted in a large
nunber of trees and a great amount of brush falling
into the river. Eventually this material caused many

natural dams to be formed in the river channel between



48

N N
ROSENBERG
N\

\

O
BRAZORIA

&

N

BAY CITY

N

“MATAGORDA N
0

GULF OF MEXICO

N\ PLEISTOCENE TERRACE

FIG. 6 — COURSE OF THE COLORADO RIVER A
FEW CENTURIES AGO

After Bouma and Bryant (3), p. 2I.



49

GULF OF MEXICO

\\" PLEISTOCENE TERRACE
» « RECENT COASTAL MARSH

F1G. 7— COURSE OF THE COLORADO RIVER AT
THE BEGINNING OF THIS CENTURY

After Bouma and Bryant (3), p. 22.



50

21 and 45 miles above the mouth. These dams impeded the
flow of flood waters, stopped debris and silt from being
carried to the mouth, and retarded the growth of the
delta. In 1929 local interests at Wharton successfully
caused the dams, which had formed a large "raft," to

be broken up, and the growth of the delta in Matagorda
Bay was thereby greatly accelerated. Although removal
of the raft alleviated flooding of lowlands near
Wharton, it caused greater flooding of the lowlands

near the mouth of the river. To relieve this condition,
in 1934 local flood control agencies dredged a channel
along one of the former river outlets, through the river
delta, across Matagorda Bay, and through the offshore
barrier beach to the Gulf of Mexico. Since 1934, con-
tinued deposition of silt and debris carried by the
river has resulted in an extension of the delta flats
entirely across Matagorda Bay (Fig. 8).

Once the channel was dredged across the barrier
beach, river sediment which had previously been
deposited in the bay was now svailable for insertion
into the littoral current. Considering that the
Colorado River ranks third in silt load among Texas
rivers, carrying approximately 9 million tons annually
(#6), one would expect a marked build-up of the beaches

southwest of the river mouth since 1934, However, an
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examination of photos of Greens Bayou, located about 17
miles southwest of the Colorado River mouth, shows that
although the numerous washovers through the barrier
beach have been silted up and closed, the shoreline
itself has been steadily eroded. In fact, since 1934
there has been no discernible increase in the rate of
accretion on any beach downdrift of the river mouth.

Need for Littoral Drift Studies.--Both the 1955

and 1967 Corps of Engineer reports on the mouth of the
Colorado River state that construction of the proposed
jetties would interfere with normal shore processes by
stopping or impeding littoral drift. The reports also
imply that there is insufficient data to predict
accurately what shoreline changes might occur. TYet it
may well be that construction of the jetties would cost
much more in annual maintenance than the estimated
figure if in fact a disturbed littoral drift would
severely erode the downdrift side of the Jjetties or
cause a substantial bar to be bulilt at the entrance of
the channel. A better knowledge of the site, which
may be afforded by the methods of study investigated in
this paper, could be instrumental in avoiding unrea-
sonable maintenance costs.

Apparently in 1967 the Corps did not consider that

possible drastic changes in the shoreline, resulting
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from the jetties' interference with the natural littoral
drift, would cause significant problems. There are
practical reasons taken into account by the Corps which
appear to make detailed study of the littoral drift
unnecessary. First, the proposed jetties at the mouth
of the Colorado and the shoreline in the immediate
vicinity are similar to the existing Matagorda Ship
Channel. Therefore, it was assumed that the shore
prrocesses and the effects of the jetties would Dbe
approximately the same for both locations. And, from
aerial photographs of the Matagorda Ship Channel, no
significant recession of the downdrift shoreline can be
detected. Second, the land area west of the mouth of
the Colorado is unpopulated, inaccessible, and low in
value. Thus, even if recession of the shoreline did
occur, artificial replenishment of the beach there
would not seem to be necessary. Last, the Corps
predicts that shoreline advance on the updrift side of
the proposed jetty system would take fifty years before
there would be a danger of the shoreline building out
to the end of the east jetty.

All these reasons are valid, yet they may well be
considered in relation to additional points. It is
true that at the present state of development in the

area, the beach west of the mouth of the river has



little value. But, one of the expected benefits of the
project will be the increased attraction of the area to
sport fishermen. It is possible that the west shoreline
may in the future become as populated as the east
shoreline. If this should happen, it would be worth-
while to asceritain beforehand whether or not the con-
struction of the jetties would in fact cause severe
erosion. Another question not yet answered is how much
the Colorado River contributes to the littoral drift.
In 1964, the Committee on Tidal Hydraulics recommended
a number of studies of survey scope which should be
made to determine a practicable plan for making the
mouth of the Colorado River navigable (46). One of the
recommendations was for the sampling and analysis of
materials in the bar formation and the river to deter-
mine whether composition is wholly of littoral sedi-
ments or partly of fluvial sediments. Apparently this
study has not yet been undertaken. In addition, an
investigation of the nature of sand movement in the
spit area might give valuable information concerning
the rate of accretion on the east side of the mouth.

If the processes of spit building were known, this
information could be used to aid in the prediction of
sand deposition on the east jetty of the proposed

project.
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The advances made in techniques developed to study
littoral drift can now be taken full advantage of in
any major cocastal structure design, such as that being
planned at the mouth of the Coloradc River, Use of
the writer's tested sand tracing procedures could be of
help in ascertaining answers to the questions posed
above. At the least, use of the methods could inexpen-
sively provide qualitative information which might be
valuable in design and could possibly result in savings
on the cost of construction and maintenance of inlet

projects.
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CHAPTER 'IV
DEVELOPMENT OF PROCEDURES

After consideration of the several dyeing tech-
niques available, the writer chose the method and
material used by Wright (50) as being probably the most
suitable for use in the proposed tests. Of primary
importance in the selection of a dyeing method was the
requirement that the fluorescent coating must not signi-
ficantly alter the hydrodynamic¢ characteristics of the
natural sand grains. Since the particle size of sand
grains found on Texas beaches is normally very small,
coating thickness of the fluorescent material must be
very thin. Wright has stated that the coating of
anthracene on sand was so thin that thickness of
coating could not be measured. And, as claimed by
Wright, the hydrodynamic properties exhibited by
anthracene coated sand had no significant difference
from uncoated sand. In addition, Wright's method of
dyeing has the added advantages of being inexpensive,
easy to apply, and adaptable for use both in the field
and in the laboratory. According to Wright, the method
does not require sieving of the sand once the dye is
applied, since after drying the individual sand

particles seperate from each other and retain the same
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size distribution as the sand before dyeing. Also,
anthracene and chloroform, the two ingredients used in
Wright's coating process, are readily availsble. Under
an ultraviolet lamp, anthracene fluoresces a brilliant
yellow-green making it useful as a tracer material,

Once the method of coating the sand particles was
decided upon, a procedure to recover and analyze samples
had to be determined. DMost of the beach tracing done
previously on the east coast took place over small areas
and shoreward of the breaker zone. On the west coast,
Ingle's tests included tracing over several hundred
feet of beach. Ingle also was able to obtain a large
number of samples in a vé}y short time by taking samples
from the sand surface rather than by scraping up a
portion of a sample area. &Since the wave heights found
at the test site at the mouth of the Colorado seldom
exceed three feet, the writer felt that the surface
sampling methods of Ingle would be satisfactory. In
addition, the writer planned to take samples over time
periods of up to three hours after the tracer was to be
released. These intervals dictated that a long grid
system would be needed. Therefore, the sampling proce-
dures used by Ingle seemed to be the most applicable.

Fluorescent Coating Proceduresg.--Wright's anthra-

cene dyeing procedure was tested both in the field and
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in the lsboratory for its suitablility as a tracer
coating on the fine sand dealt with at the test site.
After evaluating the results of these tests, an alter-
native method of dyeing was investigated and used for a
test run which produced positive results.

Test Dyeing of Sand Using Wright's Method.--In the
field two buckets of beach sand were taken from the
beach at a point just above the swash line where the
seeding line would be located. Each bucket, when
filled, contained approximately %% pounds of sand. The
sand was then taken to a work spot near the dunes, and
prepared for dyeing. First, a two-gallon wide-mouth
jar was half filled with denatured alcohol. Approxi-
mately five pounds of sand from the sample buckets were
added to the Jjar containing the alcohol and the mixture
was agitated by hand for about fifteen seconds. The
alcohol was then drained through a muslin filter placed
over a second two-gallon jar. After draining, the sand
was placed on a six foot by eight foot plastic tarpau-
lin. This procedure was repeated until all the sand
obtained for coating had been washed with the denatured
alcohol. The reason for washing the sand in denatured
alcohol was to remove pollutant material from the sand
sample, since during the period of the experiments,

June through July, the Gulf waters had been polluted by
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offshore o0il spills. In fact, during the early tests in
June, clumps of crude oil as large as silver dollars
were encountered frequently both in the surf and on the
beach. Although the washed sand was put on a tarpaulin
spread out in the sun, no attempt was made to completely
dry the sand before the next step, coating the sand with
fluorescent material.

Next, 16.7 grams of the anthracene dye were added
to one quart of chloroform and mixed until all of the
dye was placed into solution. The solution was poured
into a two-gallon jar, a measured amount of the washed
sand was added, and the mixture was agitated by hand.
The sand had been measured in a number ten tin can
having graduated weight markings applied on its inside
walls., After this mixing, the excess anthracene and
chloroform solution was drained off and the coated sand
was again spread out on the plastic tarpaulin to dry in
the sun. Drying time at the beach was dependent upon
the weather conditions., Usually, when a slight wind was
blowing and the temperature was in the low 90's, drying
time took from 7% to 90 minutes. Using the above pro-
cedure, two people could dye 35 pounds of sand in about
30 minutes. Although Wright claimed that 35 pounds of
sand could be dyed with only one quart of dye solution,

the writer found that it actually took two quarts of the
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dye solution to cecat this amount of very fine grained

sand.

Evaluation of Anthracene as a Ccocating Material.--

Several field tests were conducted using sand which had
been coated with anthracene. When sand samples from
the first test were placed under ultraviolet light,
there was no evidence of any dyed particles. After the
first test, it was assumed that the coated sand must have
been buried, placed into suspension in the surf, or
moved out of the test area before samples could be
collected. At this time the effectiveness of the dye
procedure was not questioned. On the next test the
sampling area was reduced from an area several hundred
feet long to one only 100 feet long. This was done so
that rounds of sample collection could be completed in
a very few minutes, thus increasing the chances of
picking up tracer material within the test area before
it could be transported away by the litteral current.

A total of 32 pounds of tracer sand was released at the
updrift end of the test area. Samples were collected in
three rounds, at two minutes, five minutes, and 15
minutes after tracer release. In addition, subsurface
samples were taken at three different points along a
line 25 feet downdrift of the sample release points.,

Suspended samples were obtained in the surf 15 feet
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downdrift of the release point eight minutes after sample
release, The subsurface samples were taken with a scoop
device which collected sand to a depth of two centimeters
below the beach surface. The suspended sample was
obtained by simply holding an empty two-gallon jar
beneath the water surface and letting it fill up. On
placing all the samples under ultraviolet light 16 hours
after the samples were taken, only a few spots of fluo-
rescence showed up on the sample cards. Even more
unexpected was the fact that none pf the dyed sand was
evident either on the subsurface samples or in the sus-
pended sample. At this point the ability of the anthra-
cene to remain coated on the sand tracer placed in the
surf became slightly suspect.

A 35 pound sample of natural sand was taken from
the beach and mixed in a rotary mixer in the laboratory
at Texas A&M University. This was done to ensure that
the negative results which were being obtained were not
the result of inadequate coating when hand mixing the
sand with the anthracene solution. Three quarts of the
anthracene and chloroform solution were placed in the
mixer along with the 35 pounds of sand. The additional
solution was used to ensure complete saturation. The
sand was mixed for two hours in the mixer, then placed

in a 140° P, oven to dry. Once the coated sand dried,
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several samples taken at random were placed under an
uvltraviolet lamp and examined for thoroughness of
coating. It was seen that all the sand particles were
completely coated with the anthracene dye. However, in
the field test using this dyed sand, again no fluorescent
particles were visible on the sample cards collected. It
thus appeared that the anthracene was washing off the
sand. To check whether or not the dye was in fact
washing off the sand tracer, the writer's coating proce-
dure was rechecked in detail with the procedures
described by Wright (50). No deviation was evident in
the writer's application of Wright's method.

In an effort to double-check the processes inherent
within Wright's method, a half pound sample of coated
sand was placed in a two-gallon jar filled with water.
After having been agitated in the jar, the sand was
allowed to settle to the bottom. This was repeated four
times over half an hour. Then the jar was placed under
an ultraviolet light. The water in the jar showed up
highly fluorescent with the yellow-green glow character-
istic of the anthracene. Also small bits of material
remained in suspension, refusing to settle out even
after two hours. An examination of the particles under
a microscope showed that they were not sand

but rather platelets of material believed to be
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anthracene dye particles. After the sand was removed
from the bottle by straining out the water, it was
found that over 70% of the sand had lost its fluores-
cence. An additional test was performed on the coated
sand by placing the sand in a one inch deep, 18 by 24
inch pan, and putting it in the bottom of the wave tank
located at the Hydromechanics Laboratory, Texas A&M
University. Water depth in the tank was 14 inches.
Eight inch high waves having a wave length of 10 feet
were generated over the pan containing the sand for one
hour and 30 minutes. At the end of this period the pan
was removed from the tank and placed under an ultra-
violet light. Exposed to this light, the sand evidenced
no fluorescence.

Thus the anthracene coating developed by Wright,
did not have adequate durability under the tests con-
ducted by the writer. ZEven though the grain size of the
sand used by the writer was much smaller than the sand
used by Wright, the writer could find no physical reason
why the anthracene coating worked for Wright but did not
work for Texas beach sand. Even when the sand was put in
a jar filled with water and allowed to sit without any
agitation, it was apparent that some of the anthracene

coating washed off.



Selection of an Alternative Dyeing Procedure.--

Three alternative coating techniques immediately
appeared to offer the best possibilities for an alterna-
tive dyeing method: those described by Ingle (12),
using a commercial firm to coat the sand; those used by
Yasso (51), using a fluorescent paint and resin binder;
and those described by Teleki (40), using some fluores-
cent dye material and ureaformaldehyde resin as a
binding media. After an exhaustive search for a commer-
cial firm in the central Texas area which could
commercially dye sand with fluorescent material, one
Houston company was found which had a process that was
suitable. However, the cost ($125.00 for a minimum
order of 1000 pounds of sand) was considered to be
excessive. Moreover, the manager of the company was

not willing to impart the dyeing technigque, ruling cut
that the process could be duplicated in the laboratory.
A review of the methods used by Teleki showed that his
dyeing procedures involved long tracer preparation and
required crushing machines to break up the sand clumps
once dyed. In contrast, Yasso's description of his
dyeing procedures indicated that no special equipment
was needed and that the dye procedure could be accom-
plished relatively fast. Therefore the Yasso method was

tried. The dye solution used by Yasso consisted of four
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parts Day-Glo acrylic lacquer 209 line (Switzer Bros.,
Inc.) to five parts Beetle Resin 227-8 (American
Cyanamid Co.)} cut to 10% solids by weight using methal
ethyl keytone and toluene solvents in equal weight
proportion. Unfortunately, the writer could locate no
paint firm dealing with Switzer Bros., Inc. in the
Central Texas area. Also, Beetle Resin is a

patented product made only by American Cyanamid Co., and
after conversations with several Houston plastic
companies, no readily available equivalent substitute
could be found. In Texas, Beetle Resin can only be
obtained through the plastic division of American
Cyanamid Corporation located in Dallas. The writer was
able to purchase enough Beetle Resin from that source

in order to conduct a test of the Yasso dyeing procedure.
The acrylic paint used, Daylight Fluorescent Red-Orange,
was purchased from the Preserv Q Paint Manufacturing
Company, the only paint firm in the Houston area which
handles acrylic lacquer.

Test Dyeing of Sand Using Yasso's Methods.--Since

the sand used in these experiments is considerably
finer than that used in Yasso's experiments, the writer
decided to cut the Beetle Resin to 8% solids by weight.
The coating procedure was basically the same as used

earlier in coating sand with anthracene. However, for
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the test of Yasso's method, the sand was dyed at the
Hydromechanics Laboratory at Texas ABM University. The
sand used in the dyeing process was obtained from the
beach test site.

First, a weighed amount of acrylic lacquer and
Beetle Resin cut by solvents was put into a two-gallon
jar. Five pounds of sand were added and the mixture was
shaken by hand until all of the dye solution had been
absorbed by the sand. By trial the writer found that
five pounds is most easily handled when mixed manually.
Hand shaking the mixture becomes too tiresome when large
amounts of tracer (over 30 pounds) are made up, and
dyeing with more than five pounds makes it unlikely that
all the sand is coated. Once the solution had thoroughly
coated all the sand grains, the dyed sand was spread out
on a plastic¢ tarpaulin to dry in the sun. Care must be
taken that the mixing is done in a ventilated room since
the toluene fumes are toxic. For these experiments two
men dyed €0 pounds of sand in one hour and 20 minutes,
including set up time and calculations of ingredients to
obtain the proper ratios of sand, acrylic lacquer,
Beetle Resin, and solvents. Actual mixing time took 53
minutes. Drying time for the 60 pounds of sand took two
hours and 15 minutes, Although drying ovens can be used,

they must be equipped with a blower to safely dispose of
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the toxic fumes given off by the toluene. Air drying
time can be reduced considerably if the sand is spread
out over a large area, and dried under a mid-day sun.
The excessive length of time required to dry the sample
was probably duc to the fact that the sand was dried
in the early morning and was spread about two or three
inches deep over a four by eight foot tarpaulin. 1In
addition to a shorter drying time, spreading the sand
out to a thin layer would also have speeded up the
next process, breaking the sand clumps down into indi-
vidual grains. _

Yasso stated that the coated sand, having
individual grains adhering to each other because of the
binding action of the Beetle Resin, could be broken up
by rolling a typewriter platen over the clumps. This
method of breaking up the c¢lumps was found satisfactory,
but too time consuming. A mixer equipped with a
erushing roller was used instead. Once crushed, the
sand was put through a series of sieves in order to
obtain the same size distribution as the natural sand,
then run through a Visual Accumulation Tube (8) to check
fall velocity changes. The results of this test showed
the distribution for the dyed sand to be almost identical
to that of the natural sand (Fig. 9). The crushing and

sieving procedure took three hours for the &0 pound
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sample. Although the procedures of dyeing, drying,
crushing, and sieving took several hours from start to
finish, it is apparent that the sequence can be carried
out in the field since the sand clumps after dyeing can
be broken up with a typewriter platen or other similar
device.

Before using the dyed sand in a field test, it was
checked for its hydrodynamic properties and the dura-
bility of its coating. In addition to the Visual
Accumulation Tube Test, the sand was tested in the wave
tank. One pound of the coated sand was mixed with five
pounds of natural sand, .put in a shallow pan and placed
on the floor of the wave tank. The water depth and
wave height were 14 inches and eight inches, respective-
ly. The wave length was 10 feet. Since the dyed sand
was brightly colored it could be visually observed in
relation to the natural sand. It appeared that the
coated sand movement was the same as the natural sand.
After one hour and 30 minutes in the tank, the pan was
rewoved and placed under a fluorescent light. It was
observed that no congregating of the coated particles
had taken place and that the dyed sand remained dis-
tributed throughout the natural sand, indicating that it
had acted hydrodynamically the same as the natural sand.

A sample of the coated sand was also subjected to the
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bottle-shaking test. From this test it could be seen
that no discernible washing off of the fluorescent paint

had occurred.

Field Tracer Tests.—--Cn June 16, 1970, a field test

was conducted at the beach near the mouth of the
Colorado. An area of study was chosen approximately 1500
feet upcoast of where the spit began at the mouth of the
river (Fig. 10). At this location the beach is straight,
and the littoral drift would not be affected by river
currents. 4 survey control datum was established on the
beach about 200 feet shoreward of the high water line.
All plane table surveys and profiles were referenced to
this control.

Surface Current Observations.--Surface current
velocities were measured at the beginning and end of
each test using fluorescein dye. After a 100 foot line
had been staked out onshore and parallel to the line of
the beach at the waterline, a cup of fluorescein dye
mixed with sea water was carried into the surf to a
point perpendicular to one end of the 100 foot line.

On signal from a timer stationed at that end of the line,
the dye was released into the surf. The releaser then
moved with the dye marker till he came opposite the

- other end stake of the 100 foot line. The timer mean-

while had also moved to the end stake and recorded the
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time of dye movement traveling the 100 feet. Velocity
was then calculated in feet per second. General
direction of movement was alsc noted. To get an average
current velocity over the sample area, the foreshore

zone was divided into back surf, mid surf, and foresurf
areas, Three separate readings were made, with the dye
being released in each of these three areas. The average
velocity was then taken as the average of the three
readings.

Grid Layout.--~The grid layout could be established
only after the speed and direction of thellittoral
current had been ascertained. Once the general direction
and speed of the littoral current was determined, a grid
layout was designed so as to obtain the best represen-
tative fracer dispersion pattern.’ On days when a
‘relatively strong littoral current was present, the grid
was designed several hundred feet long to ensure that
tracer would be recovered inside the grid even after a
period of two or three hours had elapsed since tracer
release. On days when the fluorescein marker did not
move significantly up or down the beach but appeared to
be either stationary or moving perpendicular to the
shore, the grid was laid out with only two or three

hundred feet of width.
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The sample pick-up points and seeding points were
plotted on paper and a base line was surveyed using a
transit and level rod. First, a line was established
perpendicular to the water line and running through the
base point. 'Then the base line for the grid was sur-
veyed. This base line was parallel to the line of the
beach and perpendicular to the line established through
the base point. The base line was placed 25 feet
inshore from the water line. Every 25 feet along the
base line a chaining pin was placed over the first 100
feet of base line. The next two hundred feet was marked
with chaining pins in intervals of 50 feet. Any further
extension of the base line was marked in 100 foot
intervals. At each marking point along the base line a
six foot aluminum rod, one inch in diameter and painted
with comet red paint on the top foot was driven into
the sand to a depth of about two feet. Another line of
rods, parallel with the base line and with each rod
directly opposite a rod along the base line, was placed
along the water line, Then in lines located perpendi-
cular to the base line, rods were placed at 25 foot
intervals out to the breaker line. Points at which the
rods placed in the surf zone were driven were located
by lining up the rod to be driven with the rods placed

I, .
along shore. Distances from the base line were measured
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by means of a rope on which knots were tied every 25
feet. A staked out grid is shown in Fig. 11l.

For purposes of marking samples taken after tracer
release, points parallel to the base line were designated
as rows, which were numbered. FKach line of stakes
perpendicular to the base line was called a column and
designated by a letter. Column A was the column at the
updrift end of the grid, column B the next column pro-
ceeding downdrift of the littoral current, and so forth.
A sketeh of the grid system used in the final test is
shown in Fig. 12,

Tracer Seeding.--After the grid had been set up,

a measured amount of tracer sand was placed in two-
gallon capacity plastic freezer bags. The amount of
sand placed in each bag depended on the characteristics
of the littoral current at the time of the test. Larger
amounts of tracer (from a basic weight of five pounds)
were used when the current was strong. I'or the final
test four bags were made up, each bag contairning eight
pounds of dyed sand. Although for this test the
fluorescein dye marker indicated a weak littoral current,
it was the only test to be made using tracer sand coated
with acrylic lacquer and the writer wanted to ensure

that the tracer would cover the entire test area heavily.

About a quart of sea water was added to each bag along



FIG. I1-LAYING OUT THE SAMPLE GRID
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with two squirts of liquid detergent, which was added as
a wetting agent. The sand was thén gently kneaded until
it became thoroughly saturated with sea water. The
seeding bags were tied off at the top and carried into
the surf to the designated positions for release. On
signal, all the coated sand was released simultaneously
by holding the seeding bags on the foreshore bottom and
then ripping open the bottom of the plastic bags.

Before using this method of releasing the coated
sand, which was adopted from Ingle, a laboratory test
had been performed in the wave tank to determine if a
significant amount of the released sand would be placed
immediately intc suspension. Again, with a water depth
of 14 inches, a wave having a height of eight inches
and length of 10 feet was generated. An observer was
stationed outside the tank so that whatever dispersion
and suspension of sand which occurred could be seen
through the transparent walls of the tank. A seeding
bag, made up in the same manner as those prepared for
the field Vests, was released in the tank as the waves
were being generated. In this instance a seeding bag
containing five pounds of sand was used. As soon as the
seeding bag was ripped open against the bottom of the
- wave tank, a cloud of fine sediment was placed into

suspension. However, this suspended sediment settled
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out within 30 seconds of release. The pattern formed by
the settling of the suspended material was roughly in
the shape of an ellipse having a major axis of three
feet eight inches along the direction of wave travel.
The results of this test showed that whatever sand was
placed into suspension in the surf as a result of the
seeding method would not be a significant factor in the
tracer dispersion, since the sand in the wave tank test
settled out so quickly. Although a quantitative measure-
ment of the amount of sand immediately placed into sus-
pension was not made, it could be seen that this was
only a very small percentage, estimated at less than
five per cent.

Tracer Collection.--Posterboard cards, cut to three
by three inches in size, were marked with a waterproof
ink to designate point of sampling. The sample cards
were then coated with vaseline on one side and attached
to the end of a four foot pole by means of rubber bands.
At each sampling point, the coated side of a card was
pressed against the sand surface. With the sand grains
pressed into the vaseline, a fairly uniform thickness of
sand adhered to each card. Sampling cards were con-
veniently carried into the surf by means of a sampling
board on which 30 sample cards were attached by spring

clips. Sample collecting poles and a sampling board
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are shown in Fig. 13.

This method of sample collection proved fast and
reliable. However, provlems were encountered which were
overcome through experience in sample taking. First,
it was found that a too thin coating of vaseline on the
sample cards resulted in spotty collection of sand. On
the other hand, too thick a coating produced a thickness
of sand cover which was difficult to analyze. Also,
stamping the card straight down on the sand surface and
pulling it straight up was not sufficient to thoroughly
embed sand over the entire area of the card. It was
finally found that the best results of obtaining a
sample were achieved by gently rocking the sample card
back and forth on the sand surface.

Sampling was conducted by three-man teams, two
sample collectors and one man who carried the sample
board on which the cards were attached (Fig. 14). The
- first sample collection began two minutes after the
tracer material was released. Immediately after com-
pleting one round of c¢ollection, another round was
started. Thereafter collections were made at time
intervals which varied according to the strength of the
littoral current. For tests when a weak current
existed, the collection rounds were timed from one-half

hour to one hour apart after the first two collections.



FIG. 14- SAMPLE COLLECTION IN THE SURF
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In contrast, when strong currents were present, intervals
between collection rounds were shortened to allow for the
faster sand movement. In the last field test, sample
collection rounds were conducted 2, 15, 45, and 108
minutes after tracer release. Under normal surf condi-
tions, about 8 to 10 minutes were required to complete a
round of collection of 30 samples.

During the first tests, sampling positions at which
no rods had been driven were located by stretching the
knotted rope between the base line and the desired
position. This method proved extremely time consuming.
In subsequent tests the sample collectors were able to
quickly find their sample points in the surf by lining
themselves up with the two rows of rods placed on the
shore and the columns of rods positioned in the surf.
This final method of positioning was considered accurate
enough for the test's purpose since the rods in place
were positioned carefully.

Related Data Measurement.--Although it was beyond

the scope of this study to attempt to relate the tracer
dispersion to oceanographic, meteorological, topographic,
or sedimentologic factors, it is realized that future
studies using the methods developed must take into
account all factors influencing sand movement. Accord-

inely, beach profiles, current measurements, breaker
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height and period, wind velocity, sediment size distri-
bution, angle of breakers with shoreline, and general
observation of the surfl condlitions were taken during
each test. Most of these data were taken more for the
purpose of developing a fast and easy procedure for
obtaining a valid experiment method rather than to make
use of the data in any sort of analysis which would
relate the data %o tracer dispersion.

Sand Size Analysis.-~Visual Accumulation Tube
analyses were made on sand samples taken from the site
on each of the field tests made on June 7, 16, and Z20.
Results of these analyses showed that over this period
of time the sand on the test beach retained approxi-
mately the same distribution (Fig. 15). When these
distributions were compared with samples taken on the
test beach in October 1969 and in April 1970 by
graduate students in Coastal and Ocean Engineering at
Texas A&M University, it was found that the median grain
size varied by less than 10% (Fig. 16). Although these
samples were not taken over a long enough period of
time to state conclusively that the sand distribution
at the test site remains consistent throughout the year,
they did provide enough evidence to assume that over the
summer months any variation of size distribution at the

test site would be insignificant, barring radical
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changes of the beach caused by hurricanes. This assump-
tion was important in that it allowed dyeing of the sand
in the laboratories at Texas A&M University. Providing
that this assumption is wvalid, it is not critical that
the sand to be used as tracer material be taken from the
test beach on the same day on which it is to be used in
order to be confident that the tracer material will have
the same size distribution as the surrounding natural
sand. This leeway was important in the experiments,
since the dyeing process using Yasso's method is most
easily accomplished in the laboratory where mixing
machines and mechanical sieve shakers are available.
Beach Profiles.--A profile of the beach was taken
every day & tracer test was conducted. These profiles
were run along a line perpendicular to the line of the
beach and through the control datum. They were
obtained with level and rod, and the distances along
the profiles were measured by use of stadia. The
profiles were taken from the top of the dunes to a
point as far out in the surf as the rod man could go.
Comparison of the profiles shows a typical pattern of
build-up for a summer beach (Fig. 17). In early June
a small offshore bar existed at the study site. It may
be seen that as the summer progressed the bar was

gradually worn down and a summer berm was formed.
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Surface Currents.--Several methods were tried in
determining what method could best show the speed and
direction of the littoral current. The first method
used was simply the placement of a block of wood just
shoreward of the breaker line and the timing of its
movement down the beach until it reached shore. After
only a few attempts it became obvious that this method
was unsatisfactory. In every attempt the block of wood
was carried ashore before it had traversed even one
hundred feet. It appeared that the wood block simply
had too much bulk, since the surging wave motion and
wind were able to catch it and move it directly shore-
ward without much lateral motion.

The next test of a method was mede with a one-
gallon plastic Clorox jug, which was filled with sand
so that only two inches of the jug was visible above
the water surface when the Jjug was floated. But here
again the floating object was too swiftly carried
directly shoreward by the wind and wave motion. It was
finally found that the most satisfactory method was to
place fluorescein dye solution directly into the water,
as previously described, and measure its rate of travel
over a given distance parallel with the beach. For
this method it was found that one tablespoon of

fluorescein placed into a pint cup and mixed with sea
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water produced the best results. Once in the surf the
fluorescein dye solution immediately disperses to form

a readily observable green slick which moves with the
surface current. During tests when the surf{ was not
abnormally rough, the fluorescein formed a slick roughly
four by eight feet, which, although elongated by the
current, remained as a continuous sheet over the surface
of the sea,

The most significant information obtained from the
current velocity readings, aside from their use in
determining grid layout, was that on three of the five
test days, the dye marker indicated a net littoral
current in a northeast direction. This showed that even
though there is a predominant southwest drift, the
littoral current does reverse itself. There was no
significant difference in velocities between the two
current directions. That is, on days when current
direction was from the southwest, the velocity was just
as strong as on days when the current was from the
northeast.

Wind Speed and Direction.--Wind speed was measured
with a hand held anemometer. Wind direction was ascer-
tained by holding a two foot cloth streamer up to the
wind and sighting along the line of the streamer

through a vertical sight on a Brunton compass. Wind
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speed and direction measurements were made at least
hourly during the tracer tests.

Wave Height, Period, and Angle with the Beach.--
Wave heights were measured at the breaker line using
a graduated stake held level with the still water level.
Period was measured with a wrist watch having a second
hand. BSeveral methods were attempted in finding the
angle of waves with shoreline using a transit and level
rod. However, it was found that the best method was to
sight down a breaking wave with a Brunton compass,
obtaining an azimuth for the wave, then subtracting
this azimuth from the azimuth of the shoreline taken
along the waterline. Wave height, period, and angle
were measured hourly.

General Observations.--The foreshore and inshore
zones at the test site are almost always heavily laden
with suspended sand and debris. Only once during the
two months of the experiments was the water clear
enough to see the bottom in over six inches of water.
Winds were predominately from the south. The maximum
wave height measured was three feet. The most usual
condition of the surf in the test area was gentle.

Sand on the beaches was dirty and contained a great deal

of shell fragments.
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Analysis of Test Results.--Using the sand coated

by procedures adapted from Yasso, a final test was
conducted at the test site on July 31, 1970. On this
day the surf was calm, with wave heights of one to one
and one-half feet. Wave period was six seconds, and
the angle of waves with the beach was five degrees.
The waves approached the beach from the southwest. %The
wind was at four miles per hour from the southeast.
The dye marker for current velocities moved only 15
feet in 120 seconds in a northeast direction. A grid
system was established, and four bags of tracer, each
containing eight pounds of sand, were released simul-
taneously along column C. Samples were collected at
two minutes, 15 minutes, 45 minutes, and 108 minutes
after tracer release. A total of 90 samples were
collected.

Five hours after the last sample was taken, and
upon return to the labvoratory at Texas A&M University,
the grease and sand coated cards were placed under an
ultraviolet light and examined for tracer concentra-
tion. The fluorescent coated grains were highly
visible and countable, attesting to the suitability of
the dye procedure. The number of fluorescent grains
per card were then counted. Taking into account any

areas of a card not covered by sand, the writer
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ascertained the number of fluorescent grains per square
inch of surface area covered by sand. According to
Ingle, the sensitivity of this method is at least 1 in
1-105 grains. Counting was made easier through use of
a hand counter and an overlay grid of one inch squares
made of thin black thread stiffened with fixative. 4n
average of six minutes per card was required in count-
ing. It should be noted here that safety glasses should
be worn any time an ultraviolet light is used to detect
fluorescent sand grains. In examining the sample cards
under the ultraviolet light a black square of poster
board was used to provide a dark background for the
cards and to minimize reflection of ultraviolet rays.

In order to get a more accurate picture of tracer
concentration, the number of grains per square inch for
each sample station was adjusted for the differences in
time between start of collection and actual time of
collection for each sample station. From Ingle, the
relationship

T

S -
5_ Ga B Gc
a

where TS is the arbitrarily chosen standard elapsed
time, Ta is the elapsed time at moment of sample

collection, Ga is the counted flurocescent grains per



92

square inch, and GC is the corrected tracer concentra-
tion, was used. Thus for a given collection round,
each concentration was corrected tc a value that
represented the tracer concentration at a single moment
after tracer release. Tabulation of corrected tracer
concentrations for the third round of collection is
shown in Table 3.

FYor each collection round, the corrected concen-
trations were plotted at their respective positions on
the grid, and contours representing equal concentrations
were drawn ‘%o show tracer dispersion. Contour patterns
for the four rounds of collection are shown in Figs. 18
and 19. From the patterns it can be seen that the
predominant movement of sanéd is in a northeast direc-
tion. However, there is considerable movement in an
onsnore~offshore direction. This can be expected since
the fluorescein dye marker used at the beginning of the
test to obtain current velocity indicated a weak long-
shore current.

In addition to the tracer concentrations obtained,
seven cores were taken downdrift of the tracer release
points. The cores were made with six inch clear
plastic tubing having an inside diameter of 7/8 inch.
On return to the laboratory the tubes, with the sand

still in place, were examined under the ultraviolet



Table %.--TRACER CONCENTRATION CORRECTION FOR THIRD
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341 y 45/45,05 4,0
3A3 7 45/45.50 6.9
345 6 45/45.75 5.9
3Bl 10 45 /46,00 9.7
282 1% 45/46.25 12.6
ZB4 12 45 /46.50 11.6
3B5 8 45/46.75 7.7
%G1 22 45 /47,00 21.0
302 120 45 /47,25 114.0
3C3 10 45/47.50 9.5
3C4 120 45/47 .75 113.,0
305 11 45/48,0 10.3%
Z2D1 18 45 /48,25 16.8
3D 21 45/48,50 19.4
3D4 11 45/48.75 10.2
215 4 45/49,00 13.9
ZE1 4 45/49,25 3.7
2E2 10 45/49,50 9.1
3E3 21 45/49.75 19.0
ZEL 12 45/50.00 10.8
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FIG. 18 ~MOVEMENT OF TRACER SAND
At 2 Minutes and 15 Minutes After Tracer Release
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FIG. i19~-MOVEMENT OF TRACER SAND
At 45 Minutes and |08 Minutes After Tracer Release
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light. Although only flurcescent grains next to the
tube walls could be seen, the depth of buried fluores-
cent tracer averaged one-half inch. This evidence from
the cores indicates further possibilities for using
fluorescent tracers to verify or disprove theories on

depth of sand disturbance in relation to wave height.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

Conclusions.~--Since the purpose of this study was

to develop a reliable and suitable methodology for
tracing the fine-grained sand of the Texas Gulf coast,
the primary conclusion drawn from the study can be
stated quite simply. A combination of the coating
procedure originally developed by Yasso and the basic
tracer collection and analysis method developed by
Ingle can be used to trace sand movement on the Gulf
coast. However, in order that future investigators
may not be misled by the simplicity of the above state-
ment, it 1s well to realize that these procedures may
be specifically regarded as the best practical methods
only for studying sand movement under the unigue
characteristics of the Texas Gulf Coast.

In its application to tracing sand movement on the
Texas coastline, the dyeing technique of Yasso's is
the least expensive for small quantities of sand (28¢
per pound of sand), is easy to apply, and can be
accomplished both in the field and in the laboratory.
Cther fluroescent coating methods investigated present
difficulties not inherent in Yasso's method. Wright's

technique was unsuitable because of the lack of
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durability of the anthracene coating when applied to the
fine-grained Texas beach sand. A secret commercial
process was unsatisfactory because the only commercial
firm available which could dye sand required too great
a minimum order. The methods described by Teleki
required crushing machinery which could not normally be
used in the field.

The fact that sand coated with acrylic lacquer
performs hydrodynamically the same as natural sand opens
possibilities for sediment tracing studies in a variety
of site conditions. The long life characteristics of
the acrylic coating could be used to study sediment
movement in streams over long reaches. And, since
acrylic paint can be obtained in a variety of colors,
the movement of different sized fractions could be
investigated in a coastal environment as well as in
harbors, inlets, and streams. The procedures found
successful in this study would also have practical
value for the proposed project by the Corps of Engi-
neers at the mouth of the Colorado River. Tracer
material could be injected into the river Jjust upstrean
of the mouth while a different color tracer could be
seeded on the inshore bottom just east of the spit.
Both tracers could be followed over a period of a few

days, which could give valuable information as to how
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the spit is formed and of what type of sediment material
the spit and the bar are composed. In addition, tracer
dispersion patterns obtained off the mouth of the
Colorado should show how the littoral drift bypasses

the channel.

As to the method of sand tracer collection and
analysis, Ingle's technique is highly suited to the
gentle surf and gentle beach slopes of the TexXas coast.
Plotting the tracer concentrations in contoured
patterns provides an excellent visual representation of
sand movement. From these plots, movement trends are
easily shown., The small wave heights and calm surf on
the Gulf Coast indicate that sampling from the surface
of the inshore bottom does provide a good representation
of littoral drift. However, since some fluorescent
grains were found under the surface of the sand in the
limited core tests, further investigation as to
whether or not the buried tracer significantly affects
the dispersion pattern could be profitably undertaken.

One unexpected finding from the experiments was
that the grain size distribution of the beach sand at
the test site did not appear to change significantly
over a period of time. For the two months of the tests,
the median grain diameter was almost constant. If, at

other sites, the same results are found, it could be
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assumed that a collection of sand from the test site
could be conveniently coated in the laboratory as a
preparational procedure, rather than immediately prior
to a field test. This not only saves time at the site
but also allows use of laboratory equipment which cannot
be transported to the field,

One drawback to the procedures used in the experi-
ments is that a minimum of three persons are required.
It is possible that only two persons could conduct a
test if a very small grid were used, something on the
order of 50 by 50 feet. With less than three persons,
a collection round for a grid several hundred feet long
would reguire so much time that only one or two rounds
could be accomplished in under three hours.

Recommendations.-—The procedures used provide a

means by which sand movement along the Texas Gulfl coast
can be studied successfully. Although the primary con-
cern has been the movement of beach sand, the proce-
dures used could be adapted to the study of sediment
movement in any body of water. BSince so little defini-
tive information is available concerning sediment
movement along the Texas Coast and in adjacent inlets,
the following recommendations are addressed to future
studies as well as to improvements on the procedures

used by the writer,
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1. To speed up mixing procedures, a small hand
turned mixer should be constructed. The capacity of
this mixer should be at least ten pounds of sand.

2. A device is available for the detection of
fluorescent grains which a future investigator could
well use in a large-scale study. An instrument capable
of detecting tracer concentrations ranging between
1-1072 and 11077 has been developed by the University
of Florida. This instrument can also distinguish
between several different fluorescent colors simultane-
ously. Use of this instrument would greatly enhance
| the speed and accuracy of the counting procedure.

3. If possible, several sand size analyses should
be carried out at test sites a week or two before actual
tracer tests. This should give the investigator an
indication as to whether the dyeing process should be
performed in the laboratory or in the field.

4, Bince the acrylic lacquer has such long life,
if a test is to be made at the same site where a test
was made the previous day, and if the same color
fluorescent tracer is to be used, the site should be
sampled prior to seeding with new tracer to ensure that
no particles of the old tracer have remained at the

site.
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5. Purther investigation should be conducted
concerning the significance that burial of tracer
material has on the tracer dispersion patterns obtained
from bottom surface sampling.

6. Littoral drift studies should be conducted as .
part of a feasibility investigation for any coastal
project which will interfere with the natursl movement
of sediment. Using the procedures described in this
study, further investigation of sand movement around
the mouth of the Colorado can be conducted easily and
inexpensively in conjunction with the proposed Corps
.of Engineers project, both before and after jetty
construction. Such studies would provide information
which could be invaluable in the design and mainte-

nance of the Jjetties.
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APPENDIX 1
COATING TECHNIQUE

Dye Solution: Four parts acrylic lacquer (Preserv O
Paint Mfg. Co., Houston, Texas): five parts Beetle Resin
227-8 (American Cyanamid Co., Dalias, Texas) cut to 08%
solids by weight using ethyl keytone and toluene solvents
(Fisher Scientific Co., Houston, Texas) in equal weight

proportions.

Procedures: Five pounds of sand is placed in a two-
gallon jar containing a measured amount of dye solutioﬁ,
agitated, and spread in the sun to dry. After drying the
sand clumps are broken down into individual grains by
crushing in a rotary mixer equipped with a crushing

roller, and sieved back t¢ original grain distribution.

Notes: (1) The test indicated that the Beetle Resin
could be cut even more than 08% solids by weight. (2)

Cost of dyeing was 28¢ per pound of sand.
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APPENDIX 2
EQUIPMENT USED

For Coating:
1. Weight scale.
2. Two-gallon capacity wide mouth jars.
%z, Tarpaulin (to place sand on for drying).
4, Rotary mixer equipped with crushing roller.
>

. Sieves, mechanical sieve shaker.

For Field Test:
1. Transit, level, level rod, plumb bob,

chaining pins, 100 foot survey chain.

Brunton compass.

Hand held anemometer.

Six foot stakes (or rods), two foot stakes.

Sample boards, cellecting poles.

(¢ TN B RN VR LV
[ ]

. Pint cups, 1% gallon capacity plastic freezer
bags, baby food jars (for collection of size
anslysis samples), 3 x 3 inch sample cards,
buckets, #10 tin can marked with graduated
weight lines on the inside walls, vaseline,
waterproof marking pen, 4 x 4 inch squares of
wax paper (for covering sand coated sample

cards), tablespoon, ‘detergent, sledge hammer
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(for driving in rods), watch with second hand.

For Analysis of Samples:
1. Hand tally counter.
2. Blacklight (Ultra-Violet Products, Inc., San
Gabriel, Calif.).

%2, Safety glasses.



