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ABSTRACT

The anlet bathymetry was mapped by standard photogrammetric techniques
after photographing the bottom directly through the water column  The
channel bottom a1s bare beachrock or 1s floored wath biroclastic sands and
gravels (S G =2 84)

A nine-day time seraes of observations of current speed and darection,
and water temperature and salinity was obtained at two depths at each of
eight stations using tripod-mounted, telemeterang sensor packages
Twelve-to-18-minute pulsations in the flow were often observed  Spectral
analysis of near-surface current speeds shows signifacant peaks at 2 H,
32, 43, 67, and 12 3 hrs

Evolution of sand raipples and dunes was monitored over a 200-ft
distance during one tidal cycle The pattern of growth i1llustrates the
differences an bedform geometry which may be expected to influence
friction coefficients Evidence as presented for a bottom jJet that as
anduced by flow over the crests of sand waves

Tracer sand, sorted into two size groups and color-coded for
1dentaifacation, was released on a flood current Sampling of color-coded
tracer sand was conducted by divers using strips of grease-coated plastic
tape  Spatial dastraibution of tracers in relation to the bedforms,
and the importance to grain erosion of a natural mucoid coating, are noted

INTRODUCT ION

This study was designed to examine the hydrography and the fluid-
sedament anteractions ain an inlet floored wath carbonate sand The
approach adopted involved 1) descrabing the basic inlet geometry and the
semi-permanent bedforms, 2) documenting the general flow field,

3) documentaing the response of relatively small-scale bedforms to ebb and
flood currents, and 4) conducting specific sand-tracer experaments

Morphologically speakang, the inlet studied 1s a specialized tidal
channel that connects waters of the Florada Straits with a shallow lagoon
about eight square miles i1n area (Fig 1) The lagoon 1s not enclosed,
but opens to the Great Bahama Bank across a broad area of flats
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Turekian (1957) felt that the lagoon was "host to three distinct water
masses 1) an indigenous mass that moves in and out of the North Sound
with the tades, 2) a mass entering from the Florada Straits through
Entrance Point, and 3) a mass entering from the Bank" to the east

The tide range at Bimini varies between about 2 5 to 3 O ft and sea
level tends to rise or fall together at both Bimini and Miamx (Wunsch,
et al , 1969) Tades are of the semidiurnal type with a slight diurnal
inequalaty  Propagation of the tide wave through the open lagoon is such
that the ebb flow (to the southwest) through the inlet 1s about 30 percent
longer than the flood

Current speeds in the northern, constricted part of the inlet channel
(Flg 1) are high enough to sweep sediment from the beachrock floor
Some of the larger dunes in the central portion are composed of fragmented
shell gravel This gives way to sand with median grain diameters of O 6
to 0 8 mm 1n the southern portion of the channel Most of the grain
surfaces in sand samples of shell hash taken from the central and southern
portions of the inlet exhibit a glazed appearance when viewed under the
binocular microscope Sand-grain surfaces become more chalky, however, as
one moves lagoonward (Bathurst, 1967) The specific gravity of sand grains
from eight samples 1n the area of "dunes transverse to flow" (Fig 1) was

2 84

During the period of study, November 5-13, 1967, water temperature in
the inlet channel varied between 20° and 27°C, salinity between 34 and 38 %, ,
and density between 1 0201 and 1 0267 g/cm In May, 1955, Turekian (1957)
found that salinity in the inlet varied between 36 0 and 37 0 % and
temperature ranged between 26 3 and 28 6°C over one tidal cycle

DETERMINATTION OF INLET GECMETRY

Existang nautical charts of the Bimini Islands (British Admiralty
Surveys of the 1840's) 1nadegquately define the anlet geometry  Consaderaing
the general clarity of water at the inlet, 1t was decided to attempt
bottom contouring by standard photogrammetric techniques

To provade horizontal control for aerotriangulation, a base line 2319
ft an length was established by electrotape FEach end of the base line
was pre-marked with a L-x-l-ft , red plywood panel, the north end of the
base being on North Bimini and the south end on South Bimini

Five vertacal control points on land were also established and
pre-marked in the same manner The levels were run wath a Zeiss Opton
level and were based on a tidal bench mark on North Bimim

The photography as planned placed some photo centers over water with
land areas on only one side To facilitate the clearaing of models during
both aerotriangulation and compilation, seven floating targets (Y-x-l-ft
plywood ) were anchored offshore to provide photographic images
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A Wald RC-8 camera with a focal length of 152 29 mm, mounted in an
Aerocommander aircraft, was used to obtain the photography on September 8,
1967 Film was Anscochrome D-200 with an ASA rating of 165 The flying
height was 2000 £t above mean sea level, resulting in a photograph scale
of approxamately 1 4,000

Aerotriangulation was by stereoplamigraphic methods usaing drailled
glass plates The contouring of the bottom (Fig 2) was accomplished on
a Wald B-8 Plotter at 1 2,400 scale with a contour interval of one ft
The average correction for the refraction index of water for the models
contoured was 1 4

Hydrographic check lines run 45 days later indicated that the depth
contours (Fig 2) were within 40 25 to 0 5-ft for the shallow-water areas
of the inlet The "larger dunes transverse to flow" (Fig 1) were
adequately brought out in the bathymetraic contours and the hydrographic
check lines showed them to be essentially stationary over the s days
that had elapsed since they were photographed

DOCUMENTATION OF FLUID PROPERTIES, WATER LEVEL, AND FLOW

Two tripod-mounted, "Geodyne" sensor packages were installed at each
of the eight stations (A-H) shown on Figure 2 Each sensor package
contained & platinum thermometer for measuring temperature, a torroidal
cell for conductivaty, a Savonius rotor for current speed, and a vane for
current direction A gaven pair of instrument packages were mounted in
the trapod so that the Savomius rotor of one was one £t above the bottom
while that of 1ts companion was eight ft above the bottom The mounting
configuration was such that the flow pattern around a gaven rotor or vane
was unaffected by the traipod legs or by the adjacent sensor package

Each tripod was placed on a level part of the bottom and the sensor
packages were hardlined to one of four shore-based stations Each shore
station contained a magnetic tape recorder and a radio transmtter A
given sensor was interrogated every six minutes, each ainterrogation
involvang five separate readings of current direction and speed and one
each of temperature, conductivaty, and reference

Data from the four shore-based transmitters were sent by an RF lank
to a master station at the Lerner Marine Laboratory on North Bimini At
the master station, all data from the 16 sensor packages were recorded
sequentaally on computer-compatible magnetic tape The entire system of
sensors was continuously operated from 5 November through 13 November, 1967

A bubbler-type tade gage was i1nstalled on North Bimini, the orifice
was attached to the trapod at Station B
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Data on maxamum flow eight ft above the bottom are presented in
Table 1 The absolute peak speed measured does not appear in Table 1
because 1t occurred prior to having all eight stations operational This
peak speed was 4 1 knots and was measured eight ft above the bottom at
Station A The time of measurement was during a meximum ebb flow that
coincided with spring tides and a strong wind from the northeast that had
been blowing for several hours

TABLE 1 - NEAR-SURFACE VELOCITIES AT SELECTED STATIONS (5 Nov 67, through
13 Nov 67) (F = flood current, toward NE into lagoon,
E = ebb current)

SENSOR MAX IMUM TIME AVERAGE MAXIMUM AVERAGE DEPTH BELOW
STATTON VELOCITY (date) VELOCITY (kts ) SURFACE TO ROTOR (£t )
(frg 2) (kts , flood or ebb) (hours, (A11 rotors eight
(d1irection, true) EST) f1ood ebb ft above bottom)
A 23F 5 X1 67
31° 2142 hrs 17 17 10 5
C 28 E 11 XI 67
190° 0824 nrs 17 19 ko
D 21F 6 X1 67
ohe 0936 hrs 13 15 27
B 22E 11 X1 67
213° 0618 hrs 13 17 33
F 33E 11 X1 67
195° 0824 nrs 10 20 57
H 2 6E 6 XI 67
234° 01k42 nrs 16 1k 40

An i1dea of tidal-current speeds and directions during a neap-tide flood
and ebb cycle may be obtained from the vectors of Figure 3 Tt 1s
interesting to note that the directional spread 1s less than 21° (Station D,
ebb) at all stations during relatively strong flows

An example of puldations in the flow, for the upper rotor at Station E,
18 shown in Figure 4 Pulsations of this type were observed at all sensors
and generally were of 12 or 18-mnute frequency Spectral analysis with a
boxcar wandow failed to reveal any obvious power at these relatively high
frequencies  Significant power was found at the tidal frequencies (6 7 and
12 3 hours) and at the sub-tidal frequency of 4 3 hours Power peaks of
possible significance were also noted at all stations at frequencies of 2 L
and 3 2 hours
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A portion of the curves for variations in temperature, salimty, and
sigma~tee at Station C and water level at Station B are plotted ain Figure 5
The wnverse relationship between sigma-tee end water level 1s due to the
fact that in November, cooler, more~saline, high-density water flows out
of the lagoon on ebb tide This water 1s completely replaced at high tide
by warmer, lower-salinmity, less-dense Gulf Stream water No density
stratafication was observed in thas shallow channel of well-mixed waters

BEDFORM MORPHOLOGY

Measurement Procedures

The goal of the bedform momitoraing program was to measure changes in
geometry and position of the various forms through the reversing flow of
one tidal cycle A fairly complete run was made on 13 November 1967
It started near the beginning of ebb flow and continued through one~half
of the flood

Photographic techniques were the prime tools in making the bedform
measurements Early in the survey a 200-ft , rigid tape measure
(graduated 1n 1-ft intervals) was installed about one ft above the
irregular bottom (Fig 2) About 15 ft to the west of the tape, and
parallel to 1t, a wire guide-line was installed fave ft above the bottom
The guide-line served to maintain the daver-photographer at a uniform
distance from the tape and allowed him to control his progress in the
rather swift flow A second daiver positioned himself behind the 200-ft
tape The second diver pushed a fork-~like device into the sediment so that
the elevation of the bed relative to the tape measure could be photographed
The fork device was composed of a series of 1/4-in rods welded at a
0 5-ft spacing to a rigid cross-member Each rod was graduated in O 1-ft
intervals The rigid cross-member had a bubble level cemented to 1t so
that the upper member was horizontal, whach in turn insured that the rods
were vertacal Two forks were used, each was six ft long and three ft
high

A typical run was executed as follows Two divers would descend at
the upstream end of the tape One daver would take the two forks to the
tape and insert them, end to end, into the bed The photographer-diver
then took a stall picture from the guide-line position  The other diver
would then remove the upstream fork and place 1t in the downstream
position for another photo, and so on A single-photograph sequence of
the bedforms generally took thirty minutes Immediately before or after
the still~camera sequence a run was made with a 16-mm movie camera
From the developed still-camera sequence, the configuration of sand bed
relative to horizontal was reconstructed
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Field Settin

At any gaven time during the study three bedform length scales could
be observed sand waves dunes, and ripples Inspection of Figure 1 shows
that the sand waves exaist only on the eastern side of the channel The
dunes were long crested, the crest length being 10 to 15 times the wave
length A fathometer run from stations A to C to E to G (Fig 2) as shown
in Figure 6 There 1s a large rock outcrop at the northern end of the
throat of the inlet, about 150 £t south of Station A A series of faive
sand waves had an average wave lengbth of approximately 90 feet The
fathometer profile shown was obtained during the slack water following a
flood flow  The fact that the ebb flow asymmetry still remains suggests
that these bedforms are not strongly influenced by the flood flow
Superamposed on these larger features were dunes and ripples that were
modified by the reversing flow The position of the 200-ft tape 1s
shown also, 1ts northern end rests on the crest of the last sand wave
Thus, the bedforms monitored included those in the lee of the sand wave
crest, as well as those exposed to ebb flows of a converging nature
Convergence was due to decreasing water depth in the direction of the
southern end of the tape

The water surface time hastory and the velocity history at Station E
on 13 November are shown an Fagure 7 Also shown are the times when
photographic sequences of the bedforms were obtained The velocaity
history allustrates the strong asymmetry in duration of the ebb relative
to flood flow, which was found to be characteristic for this inlet The
velocity history 1s at a mean relative depth ( z/d ) of 0 66 (where z 1s
the height of the rotor above the bottom and d 1s the mean water depth)
The mean velocities (1ntegrat1ng over the flow duration) for the ebb and
flood are, respectively, 1 66 ft/sec and 1 U8 ft/sec  In summary, we
have a condation in whach the ebb flow 1s generally stronger and of
appreciably longer duration Net sediment transport may then be expected
to be seaward

Evolution of Bedforms

The sequence of events in bedform change 1s shown schematacally an
Figure 8 where, for descriptive purposes, the cycle 1s started at the end
of flood (Fag 8a) Wath the reversal of flow (Fag 8b), the bed
sediment 1s transported up the steep gravity face of the dune to form
what dimensionally might be considered the new dune crest A train of
ripples also occurs on the dune flank These ripples are all of smaller
amplitude than the one deraived from the old edge of the dune crest The
dominant ripple length 1s approsimately 1 tol 5 ft

Waith continued ebb flow the primary crest overtakes some of the other
ripples 1n 1ts lee There 1s a consequent increase in amplitude and the
growing ripple slowly becomes a dune (Fig 8c) As the new dune crest
advances (in the ebb flow direction, Fag 8d), the ripples ain its lee become
increasingly less active due to sheltering actaon  Other ripples are then
observed translating up the upcurrent flank of the dune These are of
small amplitude and approximity 2 to 2 5-ft 1n length (Fag 8e, f)
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As the velocity of the ebb flow diminishes the dune crest slows 1ts
advance until bed transport stops, at which point the bedforms become
dormant until the new flood flow 1s intense enough for grain transport
Some of the measured bedform changes are shown i1n Fagure 9 The flow
conditions for the various sampling times msy be noted in Figure 7

Throughout the study period visual observations indicated most of the
sediment transport occurred via dune advance with no perceptible suspended
load Gaven the aforementioned asymmetry in strength and duration of the
flow (Fig 7) 1t might be expected that the ebb flow dune advance would
be greater than the flood flow dune retreat This was observed to be the
case over a three day period 10 November to 13 November  Successive
measurements of ebb-flow, dune-crest positions aindicated a mean net
advance out of the inlet on the order of 1 foot per tidal cycle This
value 1s a very rough estimate as large variability was noted both in
time and space

The evolvang nature of the dunes presents some problems in deter-
mining length characteristics, however, as a flow cycle starts a reversal,
a dastinctive crest 1s generated on each dune Thas crest is the highest
point above the downstream trough and i1t probably exerts a dominant
influence on the gross wake characteristics for the dune The dune wave
length (L) 15 defined as the distance between a given dominant crest and
the next downstream crest Dune height (H) 1s defined as the vertical
distance between the dominant crest elevation and the downstream trough
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Inspection of the bedform profales over the 200-ft dastance indacated
that the wave lengths and heights were significently dafferent for the
northern half (115 ft ) of the tape as opposed to the southern half This
18 perhaps to be expected, as the farst half encompasses those dunes which
are formed an the lee of the large sand wave (see Fig 6) The results,
cast as averages, are shown in Table 2 Two facts deserve specific comment
Farst of all, a1t should be noted that during the ebb flow the dunes in the
lee of the large sand wave have longer weave lengths and smaller heaights
than those beyond the darect anfluence of the sand wave There 1s only
scanty evidence for the flood flow, but that available (1541-1604 hrs),
suggests a uniformity in dune height The second poant of interest is the
relative stabality of wave length and height (and, therefore, steepness)
during the various phases of the reversing flow

TABLE 2 - SIZE PARAMETERS OF DUNES

Posation
Parameter on Tape (Ft ) Tame
0820~ 0955~ 11hh- 1541~
0848 hrs 1022 bhrs, 1202 hrs 1604 hr<
L (£ ) 0-110 14 3 1o 14 3 15 6
Range of T, 9 5-18 5 9 5-20 0 10 0-20 O 10 0-18 ¢
110-200 107 10 9 1 3 10 5
9 5-12 5 9 0-12 0 10 0-13 0 9 0-13 ¢
H (£t ) 0-110 056 0 63 0 53 0 82
Range of H 0 27-1 10 0 25-1 4 0 25-1 20 0 25-1_
110-200 075 0 81 0 81 0 80
0 50-1 00 0 60-1 00 0 5-1 00 0 50-1 ¢
/H 0-110 30 33 32 25
8-l 9-68 11-50 12-6L
110-200 16 1h 14 15
12-26 11-20 10-23 11-25

Dune Faeld Sediments

Sediment samples were obtained on 13 November during flood flow, about
one hour after flow reversal  Samples were taken of the upper half-inch
of the bed maternal on the dune flanks, crests, and troughs The trough
samples are baased, as large fragments of the conch Strombis gigas were not
collected Laboratory treatment consaisted of a wet separation of the
material greater than 2-mm, followed by & settlang analysis of the finer
fraction
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All of the grain-size distraibutions from the settling analyses closely
approximated a log-normal distribution with very little variation in the
geometric standard deviation, gg = W8l 1 ~ W5y, which had an average value
of about 1 2 The average median fall velocity of the trough material was
about 12 6 cm/sec and at least 25 percent of the material (by weight) 1s
larger than 2 mm The sediments composing the dune flank and crest had a
somewhat smaller median settling speed (10-11 cm/sec) and were generally
less than 7 percent greater than 2 mm 1n mean size

An example of these results 18 shown in Fagure 10 The sequence
shown was obtained during the flood flow when the flood crest was becoming
established Daver observations suggest that the small flood-flow crest
15 composed of materaal swept up the ebb-flow gravity face

Flow Profile-~Station E

In an attempt to obtain an estimate of the velocity profile over the
dunes an auxiliary current-meter tripod contarning two additional Savonius
rotors was placed near Station E  Sampling of the rotors was synchronized
with the two trapod-mounted Savonius-rotors and a sample of 46-seconds’®
duration was taken every six minutes  The relative posations of the four
rotors are shown in Figure 6, the lowest rotor was about 1 5-ft above the
sand interface, the remaining rotors were 2 1, 3 2, and 8 3 ft above the
bottom

During the ebb flow the rotor outputs indicated a larger speed near
the bottam than that registered at the uppermost rotor (Fig 6) This
pattern persaisted throughout the ebb flow until one-half hour before flow
reversal at which time a normal profile was present During the flood flow
the enhancement of flow speed near the bottom was not present, instead, the
flow was essentially uniform with depth

It seems lakely that the flow maxamum near the bottom 1s a jet due to
the sand wave field The nature and development of jet flow over sand
waves 18 being studied by J Dungan Smth (Umiv of Washington) Smith
(personal commumication) has formulated a model predicting the jet and has
documented jet occurrences in taidal flows His early results indicate that
the jet amplitude 1s a maxamum when the sand wave height is about 20% of
the water depth and that the jet is fully developed at the fafth wave in
the field The bedform conditions of the Bimini Inlet case described here
are siumlar to those found by Smith During flood flow the approach toward
unformty of velocity with depth 1s consistent with the fact the depth is
then divergent downstream

Dascussion of Bedform Changes

Although past studies have delineated the significant variables that
control bedform characteristics in umadarectional flow, there is no
satisfactory formulation to predict the length and amplitude of bedforms
found in the field It may be anticipated that the problem 1s even more
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complex in the case of reversing tidal flow There are two main
differences between the two cases In the case of tidal flows the time
variations in stage (and discharge) for a given flow direction occur in

a few hours and bedforms may not come into equilibrium with the maximum
flow speeds Carey and Keller (1957), an a study of Missassipp:r River
bedforms noted a bedform size dependence on discharge and postulate a lag
between bedform change and change in stage Secondly, with the change in
flow direction the flow may encounter (as in this study) an established
bedform morphology of reverse symmetry  The role of such ainitial conditions
needs detailed attentaion

Agsade from flow-acceleration effects, 1t may be anticipated that
fraction factors durang a flow cycle will be somewhat different for
reversing flows as opposed to a umdirectional flow of equivalent
maxamum velocity, because the character and position of the separation
zone 1n the lee of the crest changes in time Model studies by Bayazit
(1969) for ripples generated by reversing flows indicated friction factors
less than those found for corresponding unidairectional flows  The
difference between the two cases was attrabuted to a possible lack of
bedform equalibrium wath the reversing flow In order to avoid the effects
of acceleration, Bayazit used the maximum velocity in formulataing a fraictaon
factor

In the absence of detalled studies 1t has frequently been assumed
that bedform development in an anlet may not daffer signifaicantly from a
corresponding steady flow (Bruun, 1966) If such was the case one might
expect to find a progression from ripples to dunes as the velocaity
increases and the reverse order as the velocity decreases The present
study indicates thais vaew 1s probably oversimplified For this case, the
basic bedform sizes are stable through time wath the major changes being
simply a reversal of dune geometry It 1s of interest to campare the dune
lengths and heights observed here wath those observed in unidirectional
flow Analysis of field data by Allen (1968) showed that the characteristac
lengths of dunes were strongly correlated with flow depth although 1t was
recognized that dune size is not a unique function of depth Allen's
relationships are, for lengths in meters

1) Hy =0 086 1 19 ang

2) Ip=116a155

where Hp 18 dune heaght, d 1s flow depth and Lp 1s dune wave length
Because there was relative stability an the average dune length and height
during the observation peraod (Table 2), the mean depths over the two tape
segments were used to calculate the expected values from equations 1 and

2 For the lagoon side of the tape the computed wave length 1s 35 6 ft
whereas the observed mean value 1s approximately 14 5 £t  The computed
dune height 18 1 6 ft and the observed mean 1s about O 6 ft For the
oceanside segment of the tape the computed wave length 1s 28 2 £t and the
observed a1s about 11 O ft, for dune heights we find 1 32 ft wversus an
observed value of about 0 80 ft  The expected values from equations 1

and 2 are thus sagnificantly larger than the observed mean values
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Gencrally 1t can be said that the resulting scour 1s strongly influenced by the pile and the wave
charactenistics In most of the runs, very little to no bed movement could be observed away from
the pile Ihe pile served as a catalyst to start the scow activity and once started around the pile 1t
spread over a large area and extended m some cascs great distances from the pile Figs 9 and 10
show some typical scour patterns obtained from the experiments

CONCLUSIONS AND REMARKS

1 The critical velocity necessary to cause mcipient motion m oscillatory flow appcais to be lower
than that for steady state flow

2 Thc 1atio of the maximum velocity on the pile boundary and the mitial free stream velocity, 1s
less than the value of 2 0 for potential flow theory

3  Incipient motion on the pile boundary appears to be independent of%and directly dependent
d

h
on thc paramecters T2 and h

—

4 S—I}Il'dppedl"b to be dnectly related to the sediment number Ny and the pile Reynold s Num
ber Npp

5 A maximum of only 6000 waves are required to reach an ultimate scour depth and 1n most
cases 3000 wavces are sutficient

6  The rdative ultimate significant scow depth mcreases very rapidly at fust, reaching three
tourths ot 1ts ultimate depth m the first 1000 waves, and mcreases more slowly after that until
1t reaches 1ts ultimate depth

7  Eddy toices, although initially influencing the scour patteins, do not appear to be ot signifi
cance m the final scow pattern

8  The scour pattern resulting 1s primanly influenced by the pile and the wive chaiactenstics

9  In all the scour experiments, the pilc acted as a catalyst causing scour ot the bed particles to be
mitiated whercas 1f the pile was not present little to no scour would have 1esulted

Io try and predict scour depths for a prototype casc or relate these unconclusive results to a pro
totypc would be presumptuous To predict happenings or occuriences of a phenomenon n a proto
type requires that there be similitude, both geometric and dynamic, between the moddl and proto
type This requnes that similitude exists between the orbital velocities and orbital lengths (1 ¢ wave
char ictanstics ue similar), gramn size and grun size distribution 1n the bed, roughness of the beds,
and translation of the o1bit duc to drift Without these similitudes croncous conclusions could be
teached nattempting to predict prototype conditions The difficultics in acquiring similitude be
tween prototype and model were pomted out by Poscy and Sybert!3 m then studies of scour
around piles on olfshore platiorms It required several years of study and expaimentation before
actual prototype conditions were duplicated 1n the model
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Plastic bags containing the tracers were placed within the injection
area (Fig 11) by a diver who cut them open with a kmife at the designated
time of release Recovery of released tracers was accomplished using
0 15 x 18 m straps of K & E drafting film (Herculene) coated with Dow-
Cornaing 103 compound These straips were unrolled on the bottom in a
northerly direction parallel to a graduated steel tape  Three strips,
fixed at one end by steel rods were unrolled simultaneously by divers
according to the configuration shown on Figure 11  Four sampling runs
were made at 30-manute intervals beginmaing at 1307 hours

The recovered sampling strips were examined in the laboratory under
ultraviolet light Tracers were counted within a 10 cm? grad placed over
the strips at 0 1 m ancrements for the full length of the tape Tracer
concentrations, expressed as the number of grains per em?, were then
plotted against distance from the holding rods i1n meters Figure 12 1s
a plot of the initial sampling run for rods A, B, and C The dashed
curves, intended for smoothing of the data, were obtained by dividing
distance into 0 5 m class intervals and averaging grain concentrations
therein

In examaning the data, 1t was i1mmediately apparent that the gquartz
grains (0 59-0 8L mm) were present i1n smaller amounts than the oolite
(O 30-0 59 mm) and that their distribution was more limzted A few
quartz grains traveled as far as 15 m downstream in the first 30 minutes
after the first release Most of the quartz tracers, however, assumed an
almost normal distrabution about a point less than 1 O m downstream from
the release zone The quartz tracers also appeared to be distraibuted
uniformly in a lateral sense as evidenced by simultaneous comparisons
between adjacent straips

Qolate tracers were recovered i1n greater numbers and their distri-
bution appears to have been more widespread than that of the quartz
material Following their release, significant concentrations of
colite (~ 1 graan/em®) were found at maximum distances from the release
zone after 30 minutes, also the greater mass of these tracers, while
remaining some 1-2 m downstream from the release zone, showed markedly
skewed distributions toward the downstream side (Fig 12, Rods A and B)
with pronounced bi- or trimodality in many cases (Fig 12, Rod C)
Moreover, the oolite tracers often showed great lateral variabilaty, as
seen through the simultaneous comparisons of adjacent straps, and temporal
variability, as seen 1n time-sequential comparisons along each of the
strip paths

A bedform profile, obtained from photographs at the end of the flood
current, 1s aincluded in Faigure 12 to show the relation of tracer concen=-
tration to bedforms

In order to quantify the observed lateral and temporal variabilaty in
oolite tracer distribution, a two-way analysis of variance (Rods versus
Runs) was conducted using the oolite data of the four runs tor rods A, B,
and C The variable used 1n the analysis was tape distance in meters with
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TABLE 3 - TWO-WAY ANALYSTS OF VARIANCE OF TRACER RECOVERY DATA (Variable
15 Tape Distance in Meters Tracer oolite)

ROD SAMPLE, RUN RUN RUN RUN
1 2 3 Ly
A Mean i op 3 & L 08 L 59
Var 131 0 17 021 0 66
Size 188 180 48 Ly
B Mean 3 83 3 90 L 59 L 43
Var 0 52 0 18 112 0 55
S1ze 302 81 héa 155
C Mean 6 06 3 58 4 29 4 oo
Var L 6L 023 021 0 48
S1ize 200 55 21 91
VARTIATTON SUMS DEGREES MEAN F CONFIDENCE
SOURCE of of SQUARE VALUE LEVEL
SQUARES FREEDOM (PERCENTAGE)
TOTAL 2977 63 1834
INTERACTION b59 05 6 76 51 67 4 > 99
ERROR 2074 00 1828 113
ROD 178 52 2 89 26
RUN 265 29 3 88 U3

the number of grains recovered at a particular distance serving as a
frequency index for that distance Fach sample of tape distances was
therefore an indicator of the distrabution of the tracer population for
which a mean and a variance could be estimated

The object of the analysis was to determine whether or not tape
distances could be pooled for all three rods and a separation of tape
distance means effected between runs After the analysis was run,
significant interaction indicated that pooling could not be done and
therefore separation of the means was not possible Table 3 gives the
results of this analysis
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A simlar analysis was attempted for the quartz tracers  However,
by using a one-way analysis of variance initially, 1t was learned that
none of the means for runs could be separated due to their close
similarity in value and the saignificant variance within each run  Thas
result only confirmed the visual impression that the quartz tracers
evidenced very little bulk movement

DISCUSSION

The results obtained suggest that the oolite tracer exhibited a
greater tendency toward transport than did the quartz tracer Probably
the oolite tracer was "undersized" for the esisting flow regime in the
inlet while the quartz tracer was close to the prevailing grain sizes on
dune crests Compared with the greater ebb current speed obtained at
Station E (Av 1 7 knots, max 2 2 knots) 1t 18 not surprising that the
flood current seemed to transport only a few quartz grains and that the
distraibutions of these were less skewed  Caution must be used ain this
1nterpretation, however, because the effect of burial of tracer grains is
unknown due to the sampling method employed Tt has been instructive to
the authors that an inlet such as the one at Bimini represents an extremely
complex enviromment and even detailed measurements are inadequate for
a clear picture of the way in which sand 1s transported For example,
lateral variability of apparent grain motion was much more evident than
anticipated, bottom transport is truly a three-dimensional problem

Although the results of the experament are not conclusive, 1t seems
evadent that dunes play a major role in the distribution of tracer sands,
and the modes of the concentration curves indicate points of grain
accumldation which move slowly downcurrent with time  TIn some cases,
grains apparently travel very quickly over a succession of dunes, but a
majority of samples indicate that most of them are fixed by the dune
topography and therefore travel at much slower rates Thas slow transport
18 1n keeping with the fact that the dunes themselves migrate very little
during any given tidal cycle

The Bimini Inlet sediments appear to possess an organic coating
(Bathurst, 1966) which did not allow most of them to adhere to the
greased sampling strips All tracer grains were thoroughly dried and
rewetted with detergent before release, they adhered very well to the
strips Although mucoid coatings or gelatinous mats are not common to the
active sands typical of the Bamimi Inlet (Bathurst, 1966, p 90), there
was clearly a difference in the surfaces of the in-situ and tracer grains
This then leaves the question of whether or not the in-situ grains
experience & binding effect that 1s not otherwise apparent
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