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PREFACE

Ten experiments were conducted at the Coastal Engineering Research Center (CERC)
from 1970 to 1972 as part of an investigation of the Laboratory Effects in Beach
Studies (LEBS), to relate wave height variability to wave reflection from a movable-
bed profile in a wave tank. The investigation also identified the effects of other
laboratory constraints. The LEBS project is directed toward the solution of problems
facing the laboratory researcher or engineer in charge of a model study; ultimately,
the results will be of use to field engineers in the analysis of model studies. The
work was carried out under the CERC coastal processes research program,

This report (Vol. VIII) is the last in a series of eight volumes on the LEBS ex-
periments. Volume I describes the procedures used in the 10 LEBS experiments, and
serves as a guide for conducting coastal engineering laboratory studies; Volumes II
to VII are data reports covering all experiments.

This volume is a comprehensive analysis of results from all 10 experiments, and
includes a further analysis of each experiment and how it relates to the other 9 ex-
periments on wave height variability, profile equilibrium, and laboratory effects.

This report was prepared by Charles B. Chesnutt, principal investigator, under
the general supervision of Dr. C.J. Galvin, Jr., Chief, Coastal Processes Branch.,

The author gratefully acknowledges the assistance of the following CERC employees
who were involved in the LEBS data collection or reduction: J.C. Ahlquist, R.J. Brown,
W.J. Brown, S.M. Bruce, J.W. Buchanan, E.G. Burroghs, D.A, Clark, D.,M. Clark, G. Davis,
W.0, Doll, J.M. D'Ottavio, J.M, Fairchild, E. Fishman, A,B. Frankle, D.C., French, M,
Fuhr, H. Goldstein, B.,H. Gwinnup, W.,J. Herr, F. Holcombe, R.R. Kohler, F. Lago, M.W.
Leffler, F.S. Moore, J.J. Moore, D.A. Mowrey, M.J. Murphy, P.C. Pritchett, B.D,
Schiappa, K.E. Schreiter, Jr., R.M. Small, L.,C. Tate, C.F. Thomas, W.A. Thompson, T.M.
Thrall, and C.V. Willard. Computer programs used in the data rcduction were written
by J.C. Ahlquist, S.M. Bruce, J.W. Buchanan, and B,A. Sims; programs written by J.C.
Ahlquist used techniques developed by W.R. James and 0.5. Madsen. Significant contri-
butions were made by C.H. Everts, R.J. Hallermeier, C. Mason, and E.F. Thompson through

numerous discussions with the author and by reviewing one or more of the early manu-
scripts.

The author extends special appreciation to the following: M.W, Leffler for his
assistance in the preparation of the eight manuscripts; C.J, Galvin, Jr., for his
guidance and assistance; and R.P., Stafford, for the high quality of the data collected
and who coauthored the first seven volumes.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted
to metric (SI) units as follows:

Multiply by To obtain
inches 25.4 millimeters
2,54 centimeters
square inches 6.452 square centimeters
cubic inches 16, 39 cubic centimeters
feet 30,48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
knots 1,852 kilometers per hour
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
millibars 1.0197 x 1073 kilograms per square centimeter
ounces 28,35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.01745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvinsl

1To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15.



LABORATORY EFFECTS IN BEACH STUDIES

Volume VIII. Analysis of Results from 10 Movable-Bed Experiments
by
Charles B. Chesnutt

I. INTRODUCTION

Laboratory effects, caused by differences in tank width, initial
slope, distance between the generator and the profile, gaps at the end
of the generator blade, and, perhaps, even water temperature, can hinder
the solution of coastal engineering problems in movable-bed laboratory
studies by distorting the development of the movable-bed profile and
causing spatial and temporal variations in the wave height. Temporal
wave height variability caused by the changing reflectivity of the
developing profile complicates the study of the laboratory effects, as
well as the investigation of coastal engineering problems. Temporal
reflection variability would presumably be eliminated after the profile
reached equilibrium, but equilibrium is difficult to define and attain
in the laboratory.

1. Background.

The Laboratory Effects in Beach Studies (LEBS) project (called the
Wave Height Variability project until 1971) was initiated in 1966 to
investigate the sources of and possible solutions to the wave height
variability observed in longshore transport experiments at the Coastal
Engineering Research Center (CERC) in the late 1950's and early 1960's.
Three-dimensional experiments were performed in 1967 to isolate the
major sources of wave height variability. The superposition of incident
and reflected waves was found to be a major source of spatial variability,
and changes in the profile reflectivity was found to be a major source of
temporal variability.

Two-dimensional tests were performed in 1968 and 1969 to study wave
reflection and served mainly to develop improved techniques for collecting
and reducing profile surveys and wave reflection data.

During 1970 to 1972, 10 lengthy experiments were conducted to define
the amount of wave height variability due to wave reflection and varia-
tion in reflection. These experiments were to be continued until the
profile reached equilibrium and the temporal wave height variability
ceased. The effect of tank width was to be studied by conducting tests
in both 6- and 10-foot-wide (1.8 and 3.0 meters) tanks. The results of
these experiments have also pointed out other laboratory effects.

2. LEBS Reports.

This report (Vol. VIII), the last of a series of eight volumes on
LEBS, analyzes the results of the 10 experiments.



The experimental conditions, facilities and equipment, quality con-
trol procedures, and data collecticn and reduction procedures common to
all 10 experiments are documented in Volume I (Stafford and Chesnutt,
1977). Data reduction and collection procedures unique to individual
experiments are described in appendixes to Volumes IT to VII (Chesnutt
and Stafford, 1977a, 1977b, 1977c, 1977d, 1978a, 1978b).

Volumes IT to VII discuss the results from the 10 experiments and
draw conclusions from the one or two experiments described in each
volume. The experimental conditions of the 10 experiments are summarized
in Table 1; the volume in which each experiment is reported, and ref-
erence to three other studies which discuss some of these experiments
are also given in the table.

Table 1. Summary of experimeptal conditions.
Initial Initial Wave Nominal
Experi.ment1 test slope period wave MR 77-7 Other references
length? height3

{No.) (fr) (s) (ft) (Vol.)

72C-10 54.7 0.10 1.50 0.41 v

70X--06 100.0 | 0.10 1.90 0.36 I Chesnutt, et al. (1972)

: Chesnutt and Galvin (1874)

Chesnutt (1975)

70X-10 61.7 0.10 1.90 0.36 II Chesnutt, et al. (1972)
Chesnutt and Galvin (1974)

71Y-06 93.0 0.10 1.90 0.36 III Chesnutt, et al. (1972)
Chesnutt and Galvin (1974)
Chesnutt (1975)

71Y-10 54.7 0.10 1.90 0.36 III Chesnutt, et al. (1972)
Chesnutt and Galvin (1974)

72D-06 93.0 0.05 1.90 0.36 i v Chesnutt (1975)

72B-06 93.0 | 0.10 2.35 0.34 VII

72B-10 54.7 0.10 235 0.34 VII

72A-06 93.0 0.10 3.75 0.31 VI

72A-10 54.7 0.10 3.75 0.31 VI

IThe first two digits of the experiment number indicate the year of experiment; the
letters X, Y, A, B, C, and D indicate the separate volumes in the LEBS series of reports.
The last two digits indicate either the 6- or 10-foot-wide wave tank used for the
experiment.

Zpistance from generator to the initial stillwater level intercept.

3petermined for given wave period and constant water depth of 2.33 feet, so that the
generated wave energy flux had a constant value of 5.8 foot-pounds per second per foot.

3. Scope.
The primary purposes of the LEBS reports are to:

(a) Relate temporal and spatial wave height variability to
the changing reflectivity of the developing profile;
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(b) measure the approach of the profile to an equilibrium
condition; and

(c) 1identify, and if possible quantify, the effects of
other laboratory constraints (e.g., water temperature, tank
width and length, and initial slope) on the vesultine labo-
ratory profile.

The discussion of results in Section IV of Volumes II to VII covered
(a) wave height variability, (b) profile equilibrium, and (c) laboratory
effects. This volume discusses those topics in Sections II, III, and
Iv, respectively. The data from individual experiments are not repeated
in this volume, but the results from Volumes II to VII are compared to

develop more generalized conclusions (Sec. V) and recommendations
(Sec. VI).

Definitions of coastal engineering terms used in LEBS reports conform
to Allen (1972) and the Shore Protection Manual (SPM) (U.S. Army, Corps
of Engineers, Coastal Engineering Research Center, 1977). A definition
sketch of typical profile zones is shown in Figure 1. The backshore-
foreshore boundary is at the upper limit of wave uprush, the foreshore-
inshore boundary at the lower limit of wave backrush (low water line),
and the inshore-offshore boundary at a point just seaward of the breaker.

Plots of contour movement (CONPLT plots) are used in all experiments
to show, in one figure, the changes in profile shape along a given pro-
file line throughout an entire experiment. An interpretation of these
CONPLT plots is given in Section II,2 of Volumes II to VII.

The LEBS data have other uses to both the laboratory and field engi-
neer. For example, the profile surveys, sediment-size distribution data,
and breaker conditions reported in Volumes II to VII, and color slides
of the ripple formations (available at CERC) can be used in a more
detailed analysis of coastal processes. The shoreline recession rates
from several of the experiments can be used by the field engineer, after
consideration of scale and laboratory effects, in determining generalized
shoreline recession rates. A further analysis of the profile surveys 1is
currently being conducted by CERC to determine temporal variations in
net onshore-offshore material transport. The profile data would be use-
ful in calibrating a numerical model of profile evolution.

The LEBS reports are not an all-inclusive study of laboratory
effects, because several other known laboratory effects have yet to be
examined intensively. These reports serve as an introduction to the
subject of laboratory effects and as a guide to some of the problems
involved in performing movable-bed coastal enginecring model studles
and research experiments.

11, WAVE HEIGHT VARIABILITY

The nominal (generated) wave height, Hg, in Table 1 is the height
of the wave traveling from the generator toward the profile unaffected

13
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Figure 1. Definition sketch of profile zones (experiment 71Y-06).



by reflection, wave instabilities, or tank oscillations. This wave
height (referred to as the generated wave height in Vols. I to VII) is
assumed to remain constant as long as the generator operates smoothly.

Wave height variability is any deviation in wave height from He-
This variability can be spatial (the wave height varies with position
along the tank (longitudinally) or across the tank (laterally)), or
temporal (wave height varies with time at any point).

The terms used in describing and calculating wave height variability
are defined below. Variation in wave reflection from the profile, which
is the major source of wave height variability, and other sources of wave
height variability are discussed in this section.

1. Definitions of Terms.

a. Operational Terms. The following terms were used in the measure-
ment and calculation of wave height variability parameters.

(1) Wave record--a strip-chart recording containing all the
water surface elevation measurements during a given run. Wave records
include recordings made with a stationary gage or a slowly moving gage.

(2) Crest and trough elevations and positions--determined from
wave records using a digitizer, which produced a deck of punchcards
containing the (a) position (on the recording) and elevation of all wave
troughs, (b) position and elevation of all wave crests, and (c) position
of all tick marks relating chart paper position to stations along the
wave tank.

(3) Computer programs WVEICN and WVHIC2--written to automate the
analysis of wave height variability data.

(4) Local wave hetght (Hp)--the difference in elevation between
a trough and the succeeding crest, with its position defined midway
between the two points (determined by the program WVHTCN).

(5) Average wave height (Hy)--the average of all the local wave
heights in a record (determined by the program WVHTCN).

(6) Ruwning average wave height (H,)--the average of all local
wave heilghts within a standing wavelength (one-half the generated wave-
length) of a point (calculated for each Hp by the program WVHTCN) .

(7) Rwmming average wave height deviation (D,)--calculated by

subtracting Hy from each Hy; along the tank (plotted as a function of
tank position by the program WVHTCN).

(8) dmplitude of the rumning average deviation (Am)--determined

by measuring the maximum deviations on the plot of Dy versus tank
position and averaging the absolute values of the maximum deviations.



(9) Local wave height deviation from the average (Dp)--calcula-
ted by subtracting Hy from each Hp and then removing any long waves
or tank oscillations from this curve by subtracting the local Dy value
from each Hp (calculation is performed by the program WVHTCN, which
then plots Dp as a function of tank position).

(10) Amplitude of local wave height deviation from the average
(A)--the amplitude of the best fit size curve to the plot of Dp versus
tank position (computed by program WVHTC2).

(11) Reflection coefficient (Kp)--calculated by dividing A by
Hy. This procedure for estimating Kp 1is referred to as the automated
method in Volumes I to VII. A manual method for determining Kp is
described in Volume I, which also contains a description of the automated
method. Most Kp values in this volume were obtained with the automated
wethod. The Kp values not determined directly by the automated method
were determined by the manual method and adjusted by an amount equal to
the average difference between the two methods to make the values com-
parable to the automated Kp's. Volumes II to VII contain further infor-
mation on this difference.

b. Conceptual Terms. The following terms describe the differ~nt
physical components of the deviation of the water surface from the still-
water level.

(1) Reflected wave height (Hp)--the height of the seaward-
traveling waves which have been reflected from the profile. Waves are
reflected from any segment of the profile where the depth change is
significant; i.e., the depth change is an appreciable fraction of the
average depth over a horizontal distance less than one wavelength. Thus,
waves can be reflected from more than one segment of the profile so that
more than on¢ reflected wave component with the same period may be
present. However, over the constant depth section of the wave tanks
the various components superpose, and in effect, they become a coherent
reflected wave. The amplitude, A, of the deviation of the local wave
height from the average (defined above) is a measure of the reflected
wave height, Hp, 1in the constant-depth section of the tank. H? is
also equal to the product of Kp and Hy. Hy 1s defined in (3) below.

(2) Re-reflected wave height (Hpp)--the height of the shoreward-
traveling wave which has been reflected from the profile and then reflec-
ted from the wave generator. This wave height is the product of Hj, K,
of the profile, and the reflection coefficient of the generator, Kpp.
Since wave filters were not used in front of the generator in the LEBS
experiments, Kpp 1s assumed to be 1 and thus Hgp is equal to Hp.

(3) Incident wave height (Hy)--the height of the shoreward-
traveling wave that results from the superposition of the nominal gene-
rated wave height, Hz, and the re-reflected wave height, Hpp. Hy
varies with time as the phase difference between Hp and the generator

motion varies. At any given time, Hy is equal to Hy (defined above).
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(4) Lateral tank oscillations--long waves (with a period oth=w
than the period of the generator) resulting from critical combinations
of wavelength and tank width, which occurred in some experiments and
could not be controlled. These waves can be identified by examining
the deviation of the running average wave height, D along ranges
other than the center range.

m?

(5) Wave instabilities--variations in wave shape, which result
from nonlinear shallow-water waves propagating in the tank.

2. Variations in Wave Reflection.

Reflection coefficients varied noticeably throughout the LEBS experi-
ments (Table 2), and an important part of the experiments is the attempt
to identify the causes of this variation.

Each of the two tanks had an adjacent control tank situated so that
the same generator simultaneously produced the waves in both the test
tank and the control tank. The control tank had a 0.10 smooth concrete
slab instead of a movable bed. Ky variability in the fixed-bed tank
is a measure of the Kp measurement accuracy in the movable-bed tank.

Table 2. Average reflection coefficient and limits of values
in each LEBS experiment,

Experiment Movable-bed tank Fixed-bed tank

Avg Kp Limits of Ky Avg Kp Limits of Kp
72C-10 - 0.05 0.02 to 0.12 0.01 0.01 to 0.02
70X-06 0.08 0.04 to 0.14 0.05 0.05 to 0.06
70X-10 0.09 0.00 to 0.15 0.05 0.03 to 0.07
71Y-06 0.08 0.01 to 0.23 0.05 0.03 to 0.06
71Y-10 0.07 0.01 to 0.13 0.05 0.04 to 0.07
72D-06 0.12 0.04 to 0.27 0.05 0.04 to 0.07
723-06 0.08 0.03 to 0.14 0.04 0.03 to 0.06
72B-10 0.17 0.10 to 0.21 0.05 0.02 to 0.09
72A-06 0.26 0.17 to 0.31 0.08 0.06 to 0.08
72A-10 0.30 0.24 to 0.36 0.05 0.02 to 0.07

a. Processes. Three processes are involved in wave reflection from
a movable-bed profile. These are the conversion of potential energy
stored in runup on the foreshore into a seaward-traveling wave, the sea-
ward radiation of energy from a plunging breaker, and reflection of the
incident wave from the submerged profile, particularly where the depth
over the movable-bed changes significantly (Chesnutt and Galvin, 1974).
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(1) Reflection from the Foreshore. The foreshore developed a
relatively stable shape within the first 10 minutes to 5 hours of each
experiment. Since the foreshore shape remained fairly constant through-
out each experiment, the reflection coefficient of the foreshore probably
remained constant. The height of the wave reflected from the foreshore
is assumed to vary directly with the height of the wave incident to the
foreshore for each experiment. '

Measuring the reflection from the foreshore alone was difficult,
because the distance between the foreshore and the breaker was frequently
too short to make an accurate measurement. Fluctuations in the measured
Kp during the first 5 to 10 hours are likely due to fluctuations in the
foreshore reflection.

(2) Reflection as a Result of Wave Breaking. S&ince surging and
collapsing breakers break on the foreshore they do not contribute to the
reflection process separately, but rather as part of the foreshore re-
flection. Spilling breakers, essentially a crumbling of the wave crest,
do not involve any change in direction of the water particles, and thus
are not a source of reflection. The plunging breaker propagates energy
in both directions as the crest of the wave plunges into the water. How-
ever, in most experiments the breaker type changed from plunging to spill-
ing as the profile developed, and thus the breaker reflection is assumed
to decrease throughout an experiment.

Measuring the breaker Kp was even more difficult than the foreshore
Kp, since the breaker reflection component is always superposed with the
foreshore component and in a short distance becomes superposed with the
offshore component. Estimates can be made from comparisons of the re-
flection from the concrete slope, which had a breaker and no foreshore,
and reflections from the early profiles of the movable bed, which had
reflection from both the foreshore and the breaker but very little from
other parts of the profile.

(3) Reflection from the Inshore and Offshore Zones. Wave energy
is reflected all along the submerged profile, but the reflection does not
become significant until the profile slopes become significant. In mest
experiments, the profile developed into an almost flat shelf between two
steep slopes (see Fig. 1). The development of these zones contributed
greatly to the reflection variability and hence the temporal wave height
variability. Three particular profile changes apparently caused signifi-
cant wave height variability: changes in the steepness of the offshore
slope, changes in the elevation of the shelf at the top of the offshore
slope, and changes in the length of the shelf.

Increases in the offshore slope steepness increased the reflection;
likewise, decreases in the slope steepness decreased the reflection. As
the elevation of the shelf and top of the offshore slope increased, the
reflection increased; as that elevation decreased, the reflection de-
creased. Increases in the length of the flat shelf, which was the dis-
tance between the two reflecting slopes, caused the phase difference
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between the two reflected wave components to vary. When the components
were in phase, the measured Hp (in the constant-depth section) was
high; when the components were out of phase, the measured Hp, was lower
than the absolute sum of the two raflected waves.

Because the phase difference between the two reflected components
varied, the amount of energy reflected from the submerged profile could
not be measured. However, the effect of the three profile changes can be
seen in the reflection variability of some of the experiments.

b. Reflection of the 1.50-Second Wave. Figure 2 shows the Kp
versus time for experiment 72C-10, the only experiment with a 1.50-second
wave period. The Kp varied between 0.02 and 0.12 during the experiment,
with no apparent increasing or decreasing trend in the maximum or minimum
values or in the amount of variation. Minimum values occurred at 35, 60,
90, 95, and 120 hours; maximum values occurred at 1.5, 25, 55, and 105
hours.

Steep foreshore and offshore slopes developed almost immediately and
then began to separate as the foreshore eroded landward and the offshore
prograded seaward (Table 3). As the two reflecting zones separated, the
change in phase difference between the two reflected waves would have
caused a variation in the measured (total) Kp. Assuming linear theory
and an average depth of 0.6 foot (18.3 centimeters), an increase of 3.12
feet (0.95 meter) in the distance between the two reflecting zones (i.e.,
the width of the inshore) would have caused a 360° change in phase dif-
ference. The distance between the 0- and -1.0-foot (0 to 30.5 centi-
meters) contour increased from 10 to 28.5 feet (3.0 to 8.7 meters) during
the experiment. Therefore, five cycles of 360° phase-difference change
were possible and if the cycle started with the two waves 180° out of
phase, four in-phase (maximum) values were possible, as observed. The
average Kp was 0.05 (Table 2).

The seaward movement of the seawardmost -0.8-foot (24.4 centimeters)
contour (Fig. 2) is an indicator of the general steepening of the off-
shore zone and the shoreward movement of this contour that the elevation
at the top of the submerged offshore slope dropped to -0.9 foot (27.4
centimeters). The shoreward movement of the -0.8-foot contour near the
end of the experiment did not cause any noticeable reduction in Kp, as
was observed for -0.7-foot (21.3 centimeters) contour during tests with
the 1.90-second wave (see Fig. 45 in Vol. III), but here the average KR
was already smaller than the 1.90-second wave.

c. Reflection of the 1.90-Second Wave.

(1) Experiment 70X-06. The reflection coefficient, Kp,
versus time for experiment 70X-06 is shown in Figure 3. During the first
10 hours, Kp varied between 0.03 and 0.14. At 10 to 25 hours, Kp
remained fairly constant (0.08 to 0.11) and then dropped to 0.02 at 31
hours. From 33 to 45 hours, the Kp was lower, between 0.04 and 0.08,
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Table 3. Summary of profile devalopment in experiment 72C-10.
Time Foreshore Inner inshore Outer inshore Offshore Breaker conditions Water temperature
{hr) Fositica Type ("c)
0 to 0.67 Developed basic shape Longshore bar developed| Flat shelf devel- Deposition at Moving sea-| Pl 19
oped, and grew in -0.9 to -1.4 fr | ward vith,
seaward direction; outer edge
shoreward edge of inshore
stable
0.67 to 1.5 Eroded at rate of 0.15 20
ft/he
1.5 to 5 Bar stable 15
S to 15 Bar eroded; shelf Deposition 15 to 16
developed throughout
15 to 30 Shelf grew in shoreward Yaried 9 to 14
direction across out-
er inshore
30 to 50 Eroded at rate P,s? 10 to 16
of 0.041 ft/hr
(T~ 00 e —[mein dy, @ 0
50 to 85 Seaward edge stable Bar and trough 6to9
developed
85 to 115 100 hr: ldso = 0.25 mm medn dgg » 0.22 ma | |d5° = 0.20 = I Two breaker 5to8
positions;
outer sdge s?
of outer
inshore
115 to 130 Approaching equi- Depth over trough
librium increasing begin-
ning along outside
walls and progress-
ing toward center
150 to 140 Deposition at Quter edge P 6 to8

[ mean d5q = 0.25 m]

|mean dgg = 0.22 lll

s

=0.9 to -1.%
ft decreasing,
Continuing at
other eleva-
tions

of inner
inshore

mean dso = 0,21 mm

;

lp = plumging.
2p,5 = plunging and spilling.
35 = spilling.
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and was very gradually decreasing; after 95 hours, Kp fluctuated be-
tween 0.06 and 0.14 and, in general, increased.

While Kp was fluctuating so greatly during the first 31 hours, the
foreshore developed and eroded landward, a longshore bar developed, the
bar and the plunging breaker moved landward and then seaward, and (after
26 hours) the offshore zone began to steepen (Table 4). All of these
profile and breaker changes could have contributed to the Kp variations
during that time. Between 33 and 95 hours, when Kp was less variable
and very gradually decreasing, the foreshore position stabilized, the
breaker type changed to spilling fand thus no longer reflected any energy),
the longshore bar eroded (and thus was no longer a reflector), and the
offshore slope gradually steepened at the base and prograded slowly sea-
ward (and thus the phase difference between waves reflected from the two
zones may have gradually changed). A change of 4.5 feet (1.4 meters)
betwcen the foreshore and offshore would have caused a 360° change in
phase difference. After the shelf developed, the distance between the
0- and -1.5-foot (45.7 centimeters) contour increased only 1.9 feet
(57.9 centimeters).

Tadle 4. Susaary of profile devclopment Ln experizeni 70X-06.

Tina Fareshace taner wnshore Outer imshore Offshore areeker conditions Sater TErpETAtUTE
(br) (9]
Depen (fe) Type'
0tal Jeveloped har larmed 0.5 r 28 to W0
charscterintic
shape
1 108 avg. €rosion rale clevation of bar depanivion > 1.1 ft 0.5 P 15 to 76
of 0.Ge fut/hr increased to -0.3 ft
S5t 8 har moved shoreward, Jdeposition » 0.8 (¢ 0.3 4 14 to 77
depth 0.3 fr
% te I ber stable depasition » 0.8 fr a.s P s ta 30
(depth and position)
12 tg 16 |avg. erosion rate | bar mmved sessard, | largs deparition at | 0.5 v 2%, drep to 13
of 0,14 ft/hr depth 0.4 ft depenition st ey Nt
Jepthy of

0.7 snd 0.8 Mt

6 to W position of bar stable, deposition at | lergs deposition Q.5 r 17 to 18
depth varied 0.3 to 0.4 ft (0.0 (1 | ac 1.1 and 1.0 f2
30 10 40 .10 deponition st all patition =oving i4 17 to 20
depths sravacd 1o
0.0-fr depth
40 to 44 0.¢ changed (rom 1
P o 5P
44 to 54 |5kl stadle erosion erosion st 0.6 sp 11; drop o 16
of last of scarp 0.5 and 0.6 It
54 to 68 |11l started bar sroded erorion &t postion moving s 14 to 1B
erosian of 10.5 1 seavard to
fill << avg \ 0.7-ft depth
& to ¥ |arceilon < avg. stable slore shorevard sdge 0.7 sP 14 ta 15; drap to 11
stabilieed for
resainder
90 to 100 |erosion *» evy. 0.7 h 4 Al
100 to 135 |erosion = avg. vesvard edge deposition > 0.9 ft Q.7 P Ll; rise o 3i§;
stabillzed for drop to &
remainder
135 to 140 erosion forsed depasition at 0.7 s 1]
stespar 3lope 0.6 and 0.7 ft
140 10 173 stadle slope 0.7-ft “apth at 0.7 sP 7 ta 10; avg. 8
seavard sdge
178 range 0.3 to 0.%6 |0.27 to 0.3 0.26 to 0.51 0.2 v 0.29
{uedran svg, 0.39 0.31 e.2 0.2%
grein size
in m)

1p = plusglng; $* = spilling-plunging.
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After 85 hours the seaward movement of the -0.7-foot contour in Fig-
ure 3 corresponds to the steepening of the upper part of the offshore
slope and that roughly corresponds to the increase in Kp after 95
hours. The large fluctuation in Kp did not result from any apparent
proefile change, but the general relationship between the -0.7-foot con-
tour and Kp did exist.

(2) Experiment 70X-10. Kp versus time for experiment 70X-10 is
shown in Figure 4. During the first 20 hours, K; varied from 0.07 to
0.12, and between 21 and 89 hours, KR ranged between 0 and 0.08. From
89 to 174 hours, KH increased from 0.04 to 0.14 with a maximum of 0.15
at 139 hours. After 174 hours, KH decreased, to as low as 0.06 at 204
hours.

The higher Kp values during the first 20 hours occurred while the
foreshore developed and ercded landward, a longshore bar developed, and
the bar and the plunging breaker moved landward (Table 5). Between 21
and 89 hours, while Kp was lower but gradually increasing, the fore-
shore and the bar moved landward, then the foreshore stabilized and the
bar eroded. During the same time the hreaker moved seaward and changed
to plunging (at 70 hours), and the offshore slope slightly steepened and
prograded seaward. The distance between the 0- and -1.5-foot contours
increased 2.2 feet (67.1 centimeters), enough for a 180° change in phase
difference between the two reflected wave components.

The gradually increasing Kp after 21 hours followed the general
seaward movement of the -0.7-foot contour (Fig. 4), but individual K
fluctuations were not directly relatable to the movement of this or
other contours. The increase in both Kp and Kz variability between
89 and 174 hours occurred while the foreshore was stable, the breaker
was spilling (no reflection), and the cffshore was gradually steepening.

(3) Experiment 71Y-06. Kp versus time for experiment 71Y-06 is
shown in Figure 5. During the first 10 hours, K varied from 0.01 to
0.10. Then, for 115 hours the Kp remained relatively low, ranging from
0.01 to 0.07 with most of the values near 0.05. For the remainder of the
experiment, Kp increased in mean value and in variability, varying from
0.05 to 0.22.

The higher Kp wvalues during the first 1C hours occurred while the
foreshore zone and longshore bar were developing and retreating landward
(Table 6). Between 10 and 125 hours, when Xp was low and fairly con-
stant, the foreshore zone and longshore bar .were retreating landward and
the offshore zone was prograding seaward but did not steepen.\\After 125
hours, when K_ was increasing and becoming more variable, the foreshore
zone continued to erode, the onshore zone developed into a flat shelf
with the depth over the shelf varying between 0.7 and 0.8 feet, and the
offshore zone became steeper and continued to prograde seaward.

Some variations in Kp were related to the movement of the -0.7-foot
contour (Fig. 5). The general seaward movement of the -0.7-foot contour
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Table 5. Summary of profile devalopsent in experiment 70X%-10,
Tive foreshore inney hahore OQuter inshore vifirore ey conditiony Raver lesjeralure
(nr) I ] Q)
bepth Type' Angle®
fre)
0to i developed bar formed no changs . drporition hetwren | V.4 to U Y| P € [ ws-s= aabanan e
charscterinnac depih of
shaps =1.0 and -1.5 [t
1 tos no erosion; Lar moving
no change shoveward 0.4 tn 0 % » (S [ ———— cwe
3o 12 deposataon at 0.4 to w.5| ? € | e S
1.0 It
12 to 14 erodrd at rate rosition of deposition st 0.4 to 0.3 P L3 -
of 0.08 fu/hr her stahle; -0.9 and -1.0 ft
wlev. varied
0.3 10 0.4 (2
14 to 36 extending seawsrd derorileon at all 0.4 10 0.5 F R
drpths racept
-2.0 ard -2.) M2
slong range -1
A to 40 rrotfon et 0.4 10 0.5 P L
desth of 0.9 ft
40 to 34 erosion of 0.6 14 R 2% to M0
bar started;
range -1 at 40 hr,
range =1 st 56 hr,
and range -9 at 34 W
caspleted
$6 to 62 erosion wt 0. 4 R 7wy
depth of 0.6 [t
62 to 70 SAL retrested stil); 0.¢ »-Sp R 6 to 27
= beach fill began
70 to 84 rate of 0.4 bl R 8 to W
£i11 = avg.
84 to 54 further erosion 0.7 N4 L} I o 28
94 t0 130 stable still estending 0.7 sr L] 28 to 1§
seavard, lsteral
variation is
depth R-1,
0.6 to 0.7 fr;
R-Y, 0.7 to 0.9 ¢
130 to 140 | rate of 0.7 sP R 1¢ to 1%
111 >> avp
140 to 150 depozition st 0.7 B4 R 14 to 1%
a1} depths
150 10 160 | ratw of 0.7 N4 R 17 to 1%
Fi11 = avg.
160 to 170 | rete of further erosion 0.7 50 ® a2
£11) << avg. along ranges -
-1 and -3
170 to 120 | rate of u.? AP n 10 to 1%
(111 = avg.
190 *o 200 | rute of contours stahle v.? SP R 7 to 10
111 = avg. for -1.0 to -1.8 it
{y; depus:tion
below -1.3 ft
200 to 210 | rate of 0.7 SP x 7
11l << avg.
200 sand 0.29 to 0.68 0.27 to 0.50 0.26 to 0.3% 0.2%
sazples

mear (wz)

IF = plunging. SP = spillin

28 » breans farst along rangs 1; C = breaks umiformly acroas tank,
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Table 6. Sumnary of profile development in experiment 71Y-06.
Time (hr) Foreshore Inner inshore Outer inshore Offshore Breaker conditions Water temperature
Depth (ft) | Position | Type! (°C)
0tol Characteristic shape | Longshore bar Deposition at eleva- | Deposition mostly 0.6 P 19
deve loped formed tions -0.6, -0.7, at elevations
and -0.8 ft -0.9 to -1.2 ft
1 to2 Average rate of Crest elevation 21
erosion 0.113 ft/hr of bar varied
between -0.3 and
-0.4 ft; bar moved
shoreward at rate
of 0,018 ft/hr
2 to 10 19 to 24
10 to 15 Deposition uniformly 22 to 24
at all depths
15 to 105 | Average rate of 24 to 29
erosion 0.025 ft/hr
105 to 175 0.6 PS 24 to 29
175 to 180 Erosion at -0.6 ft, 23
deposition at -G,7
and -0.8 ft
189 to 200 0.7 Maving S 22 to 28
seaward
200 to 220 Bar eroded Shelf developed Deposition mostly 25 to 26
at elevations
-0.9 to -1.3 ft
220 to 250 Maintained fairly | Shelf grew in length 0.7 Inner SP 19 to 24
steep slope in both directions inshore
250 to 315 Deposition uniformly 0.3 P 17 to 22
at all depths
315 to 340 Deposition mostly 0.7 S 17 wo 21
at elevations -0.9
to -1.2 ft
340 to 375 Deposition at all 7T to 21
depths
ip » plunging; S = spilling.




indicates the stcecepening and increasing of the reflectivity of the off-
shore zone. The highest Kp values, at 235, 320, 360, and 375 hours,
occurred at times when the -0.7-foot contour was at 1ts seawardmost
position; low Kp values at 195, 240, and 340 to 355 hours occurred

when the -0.7-foot contour was at more shoreward positions. An exception
to this occurred at 270 to 275 hours, when the -0.7-foot contour was in

a scaward position and the Kp was low. At other times the relation-
ship existed, but the variation was not as great.

The continued separation of the foreshore and offshore zone would
have caused the phase difference between the two reflected waves to vary -’
and the measured reflected wave to have a long-period variation. After
the shelf developed, the distance between the 0- and the -1.5-foot con-
tour increased 8.6 feet (2.6 meters), enough for two cycles of phase-
difference change, which may have contributed to some of the long-term
Kp variation.

(4) Experiment 71Y-10. K. versus time for experiment 71Y-10 is
shown in Figure 6. During the first 10 hours, Kp varied from 0.05 to
0.11. Then, for 195 hours the Ky remained relatively low, varying from
0.01 to 0.08. For the remainder of the experiment, KR was generally

higher, varying from 0.05 to 0.13.

The higher Kp values during the first 10 hours occurred while the
foreshore and longshore bar were developing, the breaker was plunging,
aind the foreshore was eroding (Table 7). Between 10 and 205 hours, while
KF was low, the foreshore retreated at a rate of 0.016 foot (0.5 centi-
meter) per hour, the bar was first stationary and then eroded, the breaker
cype changed from plunging to plunging and spilling, the inshore developed
into a long, flat shelf, and the offshore zone gradually steepened. The
Kp was higher, after 205 hours, when the inshore zone had fully devel-
oped, the foreshore was eroding and the offshore prograding. The dis-
tance between the 0- and -1.5-foot contours increased 7 feet (2.1 meters),
enough for a 560° change in phase difference, after the shelf developed.

Variations in Kq relate only generally to the movement of the -0.7-
foot contour (Fig. 6); i.e., the Kp increased about the time the -0.7-
foot contour began moving seaward with the prograding offshore zone. The
development of the profile in this experiment varied laterally, the devel-
opment of the shelf began first along one side and progressed across the
tank. This lateral variation in development obviously created a lateral
variation in the profile reflectivity. Although this variation could not
be measured by the one gage in the center of the tank, the variable pro-
file reflectivity certainly contributed to the variations measured along
the center of the tank.

(5) Experiment 72D-06. This experiment varied from the four
other experiments with a 1.90-second wave in having an initial slope of
0.05 rather than 0.10. The KR versus time for experiment 72D-06 is

shown 1n Filgure 7. During the first 15 hours, Krp varied from 0.04 to
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Table 7. Summary of profile development in experiment 71Y-10.
[Time (hrt) Foreshore Inner inshore Outer inshore Offshore Breaker conditlons Water temperature
Depth (ft) Type! (*c)
0t Characteristic shape | Longshore bar Deposition at sleva-| Deposition between 0.6 4 13 o 17
developed formed tions -0.6, =0.7, elevations -0.9 and
and -0.8 ft =14 ft
1w3 Shorellno recesslon | Bar stationary; 26 o 29
uniform across tank | crest elevatiom ]
ut 0.133 ft/hr varied from -0.4 |
te -0.3 f¢
Fwlo No change 26 to 29
10 to IS Deposition slong 25 to 16
ranges 5 and 9 at
0.02 ft/hr; along
ranges 1 and 5,
offshore stationary
15 to 1i0 | Shoreline recession Deposition along 1Y to 18 i
uniform across tank ranges 5 end 9 at
at 0.016 ft/hr 0.02 ft/hr; along
range 1, offshore
stationary
110 10 115 28
115 1o 125 Erosion of bar Shelf development F1]
begen along range | progressed across
9 at 115 hours tank beginning along
and along range 1| range § at 115 hours
at 190 houre and eading along
rangs 1 at 215 hours
125 o 170 0.6 Rl Ps 20 to 26
0.7 Ro
to 205 “Deposition along all 18 to 23
ranges at 0,02 fr/hr
705 to 215 |Shoreline vecessliom 17
varied across
tank; raige 5 at
0.016 ft/hr;
range 1 at
0.025 ft/hr
718 to 265 Halntalned Falrly | Shalf grew In length 17 to 19
stesp slope in both directions
265 to 280 R 9 stationary; H 18 to 21
280 to 335 13 6 to 18
S

17 = plunging; 5 = spilling.
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0.08. Between 20 and 130 hours the Kp was higher and highly variable,
varying between 0.08 and 0.27. For the remainder of the experiment, Kp
was lower and less variable, varying between .07 and 0.10.

The lower values during the first 15 hours occurred while the fore-
shore developed (slower than in the other four experiments) and began
retreating, the longshore bar developed and then eroded, and the breaker
type was strictly plunging (Table 8). Between 20 and 130 hours, when the
Kp was high and varied greatly, the foreshore was retreating (except for
advancing between 125 and 130 hours), the breaker was mixed between plung-
ing and spilling (indicating minimal reflection), the inshore was becoming
longer and flatter, and the offshore was steepening, particularly after
95 hours. Between 135 and 180 hours, when KR was smaller and less
variable, the foreshore was stationary, the offshore zone continued to
prograde seaward, and the inshore zone changed from an almost flat shelf
with an average elevation of -0.7 foot to a flat region at the seaward
end of the inshore (elevation -0.8 foot) and a trough at the shoreward
end of the inshore (elevation -1.3 feet).

Some Kp variations after 100 hours, when the offshore slope was a
significant reflector, correlate well with the movement of the -0.7-foot
contour (Fig. 7). When the -0.7-foot contour was at a more seaward posi-

tion, KR was high; when the contour moved shoreward, KR was low. The

Kp reached higher values quicker than in the first four experiments,
even though the initial slope was flatter. This earlier high in Kp

4

may have been caused by the earlier seaward movement of the -0.,7-foot
contour in this experiment.

The Kp was measured over the inshore shelf several times between
100 and 155 hours and varied between 0.06 and 0.12 (see Vol. IV). This
measurement included reflection both from the foreshore zone and from
the plunging breaker near the toe of the foreshore. The distance be-
tween the 0- and -1.5-foot contours, after the shelf developed, increased
12.4 feet (3.8 meters), enough for more than two 360° phase-difference
changes.

(6) Summary of the Five Experiments. The average Kp in each
of the 1.90-second experiments with the 0.10 slope (70X-06, 70X-10,
71Y-06, and 71Y-10) varied from 0.07 to 0.09 (Table 2). However, in
experiment 72D-06 with the flatter initial slope, the average Kp was
0.12, much higher than the tests with the steeper initial slope, con-
trary to the hypothesis that as the ratio of the wave steepness to the
slope steepness increases, the K, decreases. The close correlation
between the -0.7-foot contour and Kp variations in experiments 71Y-06
and 72D-06 suggests that the elevation of the top of a steep, submerged
slope can be as important as the steepness of the slope in determining
the KR'

d. Reflection of the 2.35-Second Wave.

(1) Experiment 72B-06. The Kp versus time for experiment
72B-06 is shown in Figure 8{(a). During the first 10 hours, KR varied
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deposition at -0.8 fu

[d50# 0.17 10 0.26 mm |
1

[dsu = 0.19 to Oxls_il
2 T

Table 8. Summary of profile development in experiment 72D-06.
Time (hr) Foreshore Inner inshore Outer Inshore Offshore Rreaber conditions Water temperature
Flrpth (ft) | Type! ("c)
0 to 0.16 Developuent of equi- Development of bar Deposition at -0.6, |Deposition at 0.6 to N7 P 19 to 20
litriua slope and -0.7, and -0.8 fr -0.9 ft
length
0.16 to } Bar stable
Jto$ Bar eroded
S to 20 Erosion; shoreline Crosion, fairly steep Deposition at -0.7 Some deposition, 14 to 16
recession rate of 0.05 slope, retreating with and -0.8 ft wainly at -1.3,
fu/nr foreshore -1.4, and -1.5 ft
at various times
20 to 35 0.6 to 0.7 P,S
35 to 60 Not much changc; el- 3 to 13
evation over sheif
varying betueen -0.6
and -0.7 ft
60 to 65 Erosion at -0.6 ft
65 to 75 No change 11 to 12
75 to 85 Large erosion at
-0.7 ft
85 to 95 large depositions
from -0.9 to
-3.5 ft
95 to 100 large deposition at
-0.7 ft
- dyg = 0.26 to [dg0 » 170 ta .27 mp p——-——T{dgo = 0.20 t0 0.21 m= | e
100 to 110 Large Jepasition at 0.7 t0 0.8 H 7 to 10
-0.7 and -0.8 ft
110 to 120 Continued deposi- 6 to7
tion mainly at -0:8
ft, erosion near
station 8
120 to 125 Significant de- 0.2 to 0r4 [ 4 4tof
position ar ell
elcvations above
1.9 fr
125 to 135 Deposition; shoreline Deposition
advance J
135 to l4u Foreshore stable No change Significant erosion 6
at -0.7 fo; deposi-
tion at ~0.8 ft
140 to 180 Erosion near statian 4109

P = plunging; § = spliling.
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over the widest range, between 0.04 and 0.15. Between 10 and 150 hours,
Kp fluctuated (maximum 5-hour fluctuation of 0.06) about an increasing
mean, reaching peak values at 125 and 140 hours.

The major profile adjustments in Figure 8(a) and Table 9 were the
development of an equilibrium foreshore and longshore bar and steepening
of the offshore zone just below the inshore zone. These adjustments
occurred during the first 10 hours when Kp was fluctuating greatly.
Between 10 and 150 hours, when Kp was gradually increasing, the only
profile changes were the gradual steepening of the upper part of the
offshore zone and the seaward movement of the offshore bar (crest eleva-
tion of -2.1 to -2.0 feet or 64.0 to 61.0 centimeters). The steepening
of the upper offshore most likely caused the increases in Kp.

(2) Experiment 72B-10. The Kp versus time for experiment
72B-10 is shown in Figure 8(b). During the first 10 hours, K in-
creased from 0.13 to 0.18, and then between 15 and 35 hours, Kp varied
only between 0.12 and 0.13. At 40 to 90 hours, Kp was higher, fluctuat-
ing about a mean of 0.16. Between 90 and 100 hours, Kp increased from
0.16 to 0.24 and then fluctuated about a mean of 0.21 for the remainder
of the experiment.

The increasing Kp during the first 10 hours coincides with the
development of most of the profile features: the steep foreshore zone,
the flat inshore zone, and the flat region near station 10 in the off-
shore zone (Fig. 8,b and Table 10). There was little profile change
between 15 and 35 hours when the Ky was low and almost constant. At
40 to 90 hours the elevation of the flat region near station 10 gradually
increased while the Kp was higher and more variable. Between 90 and
100 hours, when Kp increased by 0.08, a longshore bar was forming be-
tween ranges 1 and 5. The high values of Kp at the end of the experi-
ment (after 100 hours) occurred while slopes near stations 20 and 14 were
steepening.

(3) Summary of the Two Experiments. These experiments with the
2.35-second wave are compared in Volume VII., The average Kp in experi-
ment 72B-06 was 0.08 and in experiment 72B-10 was 0.17 (Table 2). The
gradual steepening of segments of the offshore zone appeared to be the
primary source of long-term Kp variability in these two experiments.
The development of a more convex offshore region with several steep
sections in experiment 72B-10 and a more concave offshore region with
only one steep section in experiment 72B-06 possibly explains the lower
Kr values in experiment 72B-06. The distance between the foreshore and
offshore zones changed very little, so that the Kp variability was not
a result of phase-difference changes between reflected wave components.

e. Reflection of the 3.75-Second Wave.

(1) Experiment 72A-06. The Kz versus time for experiment
72A-06 is shown in Figure 9(a). The K; dropped from an initial value
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Table 9. Summary of profile development in experiment 72B-06.

Time (hr) Foreshore Inshore Offshore Breakers and currents Temperature (°C)
0 to 0.16 { Developed equilibrium shape; | Longshore bar formed Erosion at -0.7 to -1.3 ft, |Breakers plunging at 30
shoreline prograded formed steep slope just depths of 0.3 to 0.4 ft;

0.16 to 5 No change; bar crest eleva- below inshore; depositlon no discernible circula- 30 to 31
tion varied between -0.3 at -2.1 and -2.2 fr tion patterns; bobs in-
S to 10 Reached equilibrium position | and -0.4 ft at different side breaker zone never 31
after total advance of 1 ft times along different ranges moved outside breakers
10 to 90 No change Erosion at -1.3 to -1,7 ft; 23 1o 29
deposition at -2.1 and
=2.2 ft
50 hr [Mean dsq = 0.21 mn] [Mean dgp = 0.22 mm| [Mean dsq = 0.19 mn]
100 hr [Mean dgy = 0.23 mm] {Mean dcy = 0.24 mn] [Mean dgo = 0.20. mn)|
90 to 150 Erosion at -1.3 to -1.7 ft; 21 to 29

150 hr [Mean dsg = 0.23 mm

[Mesm dgg = 0.22 mrﬂ

deposition at -2.0 to -2.2 ft

[Mean dgg = 0.20 m|




Table 10, Summary of profile development in experiment 72B-10.

Time (hr) Foreshore Inshore Of fshore Breakers Currents Temperature (°C)
0 to 0.16 | Developed stable shape; Longshore bar formed Steep slope developed | Plunging at No circulation 29
shoreline not normal to near station 2, and at at upper edge, and -0.2 to -0.4 ft | pattern observed;
tank walls range 9, station 5; flat| flat area at station (range S) surface bobs moved
region formed near sta- 10; deposition along shoreward from
tion 5, ranges 1, 3, range 1 below -1.8 ft | Plunging at station +15 and
and S -0.3 to -0.5 ft stayed if moved
(ranges 1 and 9) | into breaker zone;
0.16 to S Bar at station 2 began bottom bobs moved 30 to 31
eroding in order of shoreward from
S to 10 No change ranges 3, 1, and S station +7 and 31
seaward from
10 to 65 50 hr [Mean dgg = 0.22 mm | [Mean dsp = 0.21 mn] [Mean dsp = 0.18 mm| station 9 24 to 29
65 to 70 Flat area near station 5| Elevation of flat area 25
developed along range 7 near station 10 in-
creased with time at
70 to 75 Shoreline becoming normal to each range and varied 24
tank walls with range at each
time, deposition below -
75 to 90 Flat area near station -1.8 ft along ranges 26 to 27
2 began ercding, first 1 and 3
along ranges 1 and 3;
erosion of bar near
station 2 completed
along ranges 7 and 9
90 to 100 [ Net recession at 100 hrs: Bar formed at station 28 to 29
0.4 ft S in order of ranges
5, 3, and 1
100 to 115 | 105 hr [Mean dsq = 0.24 mm | [Mean dsp = 0.22 mm] [Mean d5q = 0.19 mm| 20 to 25
115 to 130 | Shoreline recession rate: Erosion of flat area Elevation near sta- Spilling at 22 to 24
0.018 ft/hr near station 2 tion 10 still rising; | -0.2 to -0.4 ft
continuing no deposition below (range 5)
-1.8 ft
Plunging at
-0.3 to -0.5 ft
(ranges 1 and 9)
130 to 150 | Recession continuing; large 19 to 25

lateral variations in
position

150 hr [Mean dgy = 0.23 m |

Mean d = 0.22 mn
59

[Mean dgg = 0.19 mm
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of 0.24 to 0.18, then to 0.17 at 3 hours, and then began to increase,
reaching 0.30 at 25 hours. Between 25 and 80 hours, Kp remained high,
fluctuating beuween 0.25 and 0.31. After 80 hours, Kd started to
decrease while continuing to fluctuate,. and was 0.22 at the end of the
experiment (135 hours).

Within the first 5 hours the foreshore developed an equilibrium shape,
which was steep along range 5 and quite flat along range 1 as a result of
the counterclockwise flow pattern of the wave uprush and backwash (Table
11; Vol. VI). Since the waves broke on the foreshore, most of the wave
energy reached the foreshore; as the foreshore became steeper, Kp in-
creased, except at 1.5 and 3 hours. At those times, the erosion and
deposition patterns at the base of the foreshore (-0.2 to -0.9 foot or
6.1 to 27.4 centimeters) were reversed and Kp reached its lowest values.

An almost flat shelf developed during the first 10 hours in the inner
offshore region, caused by the esrosion at the toe of the foreshore and
deposition in the outer offshore at depths from -1.3 to -1.6 feet (39.6
to 48.8 centimeters). As the foreshore eroded landward at a rate of
0.015 foot (0.46 centimeter) per hour and the outer offshore slope
steepened and prograded seaward with deposition at the highexr elevations,
the shelf on the inner offshore grew in length in both directions and a
bar and trough developed. During this period of greatest profile develop-
ment, Kp rose sharply, reaching a maximum at 25 hours. As a result of
the high reflection, a significantly large standing wave developed, with
antinodes at the foreshore and station 18, over the steepest part of the
profile just seaward of the flat shelf. Between the first two antinodes
of the standing wave, over the flat shelf of the inner offshore, a clock-
wise circulation pattern developed, apparently driven by the counterclock-
wise circulation in the foreshore zone. Apparently, the circulation over
the inner offshore moved the sand to the edge of the shelf, but the lack
of current movement through the antinode prevented further transport and
thus increased the steepness.

Between 25 and 70 hours, while the profile changed 3 feet (0.9 meter)
in the length of the shelf between the two reflecting zones (foreshore
zone and submerged offshore slope), K, did not increase or decrease
significantly, but fluctuated over a finge of 0.05. Part of this varia-
tion, which was greater than the 0.02 maximum variation in the fixed-bed
tank, may have been caused by the 90° change in phase difference between
the waves reflected from the two slopes as they separated.

After 70 hours the seaward edge of the shelf began eroding, moving
landward, even though the foreshore was still retreating and the off-
shore was still prograding. Simultaneously, the clockwise circulation
pattern over the inner offshore began disintegrating and Kz began
decreasing. By 100 hours the bar had eroded and the trough had almost
filled completely. From 15 to 100 hours the outer offshore steepened,
with deposition at the upper elevations and erosion at -2.0- and
-2.1-foot elevations. The eroded material was moved seaward to form
a bar over part of the concrete bottom,
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Table 1}. Summary of profile development in experiment 72A-06.

Tize Forashore Inner offshore Outer offshore Breakers Currents Kater terperature
{hr) ("c)
0to$S Developed 13 to 19

aquilibriuz shape An almost flat shelf Depozition at -1.¥% to | Surging or Counterclockwise
developed -1.6 ft collapsing, circulation on
S to 10 breaking on foreshore; clockwise 20
lower part of| circulation between
foreshore first 2 antinodes of
10 to 15 Retreated Shelf grew in length in standing wave 19
landward both directions; dar envelope
I—_ and trough developed
1% to 70 Deposition at -1.3 to 18 to 22
-1.9 ft; erosion at
-2.0 to -2.1 ft
Mean d, = 0,20 = Mean dgy = 0,20 mn |
At rate of Seaward edge of shelf Causing slope to Clockwise
70 to 100 0.015 fv/hr began moving shoreward; steepen circulation on 22 to 26
bar eroded, trough filled foreshore;
in circulation between
. ) first 2 antirodes
Mean d o = 0,20 m [Jcan E§° .20 mm breaks down, and
becones confused
Gently sloping region; Erosion at -1.2 to
100 to 135 seaward edge moving shore-|-1.5 ft; deposition at 23 to 26




Between 100 and 135 hours the foreshore continued to retreat, the
inner offshore became a gently sloping region, the outer offshore slope
steepness decreased, and Kp continued to drop.

The movement of the -1.2-foot (36.6 centimeters) contour in Figure
9(a) is an indication of some of these profile adjustments and correlates
well with Kp variations. The -1.2-foot contour moved seaward at 15
hours and Kp began rising. After 70 hours the -1.2-foot contour began
moving shoreward, as the inner offshore eroded and the outer offshore
slope became less steep, and Kp began to decrease.

(2) Experiment 72A-10. The average Kp for three ranges versus
time for experiment 72A-10 is shown in Figure 9(b). The Kr dropped
initially to 0.24 and then began a gradual long-term increase, reaching
a maximum of 0.37 at 55 hours. Between 60 and 80 hours, Kp varied
between 0.31 and 0.35.

During the first 1.5 hours the foreshore developed a steep slope and
within the first 10 hours an almost flat shelf developed in the inner
offshore region (Table 12). From 1.5 to 25 hours the foreshore prograded
0.5 foot (15.2 centimeters), beginning first along the outside ranges.
For the first 20 hours sand was deposited in the outer offshore at depths
from 1.2 to 1.5 feet; from 20 to 25 hours sand was eroded at depths of
1.6 and 1.7 feet (48.8 and 51.8 centimeters), thus forming a slightly
steeper slope on the upper part of the outer offshore. During this
initial profile development, Kp r0se sharply.

After 25 hours the only profile changes were a slight general in-
crease in the foreshore slope and a gradual increase in the foreshore
berm-crest elevation. The Kp continued to increase, but at a slower
rate. The short-term variations in Kg after 35 hours was #*0.03, on
the order of the *0.025 variation in the fixed-bed tank.

Throughout the experiment the foreshore slope was slightly flatter
along the outside ranges and Kp was significantly lower along the
outs.ce ranges.

The movements of the +1.0-, +0.9-, and +0.8-foot contours in Figure
9(b) indicate the gradual increase in the foreshore berm-crest elevation
which apparently caused the increase in Kp. The distance between the
foreshore and offshore did not vary.

(3) Summary of the Two Experiments. The average Kp in experi-
ment 72A-06 was 0.26 and in experiment 72A-10 was 0.30 (Table 2). The
elevation of the top of the submerged offshore slope appeared to be the
primary source of long-term Kp variability in experiment 72A-06. The
gradually increasing berm-crest elevation appeared to be the source of
increasing Kp in experiment 72A-10. The development of a steeper slope
and higher crest in the foreshore in experiment 72A-10 explains the higher
Kp in that experiment. More details on the 3,75-second experiments are
in Volume VI,
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50 hr:
Mean d.o = 0.22 mm

80 hr:
Mean dso = 0.22 mm

Mean dso = 0,20 mm

|

Mean dso'- 0.19 mm

Table 12. Summary of profile development in experiment 72A-10.
Tipe Foreshore Inner offshore Outer offshore Currents and breakers | Temperature
(hr) (*C)
0 to 1.5 | Developed
equilibrium An almost flat No discernible pattern| 18 to 21
shape shelf developed | Deposition at of wave-generated
-1.2 to -1,5 ft currents developed
1.5 to 10 Advanced seaward 20 to 24
‘ 0.5 ft, beginning
along outside
ranges first Breaker was surging
No significant or collapsing on lower
10 to 20 changes occurred; part of foreshore 23 to 24
some minor lateral
variations in
elevation of bar
20 to 25 e Erosion at -1.6 22
and -1.7 ft
In equilibrium in | No major change
25 to 80 shape and position 22 to 25




f. Summary. The Kp results from the 10 experiments are summarized
in Table 3. For the two experiments with a wave period of 3.75 seconds
on an initial slope of 0.10 the average Kp was 0.28; the difference
between the two experiments was caused by a current pattern which devel-
oped only in experiment 72A-06. For the two experiments with a wave
period of 2.35 seconds on an initial slope of 0.10 the average K; was
0.125; the difference between the two experiments was caused by a trans-
verse wave which occurred only in experiment 72B-10. In the four experi-
ments with a wave period of 1.90 seconds on an initial slope of 0.10 the
average Kp was 0.08 for each experiment. In the one experiment with
a wave period of 1.50 seconds on an initial slope of 0.10, the average
Kp was 0.05. These results support the following hypothesis: as the
wavelength decreases (or the wave steepness increases) on a given initial
profile slope, Kp decreases.

The Kp would then be expected to decrease if the initial profile
steepness were decreased for a given wavelength. However, the average
Kp in the experiment with a wave period 1.90 seconds on an initial
slope of 0.05 was 0.12, higher than the four experiments with a wave
period of 1.90 seconds on an initial slope of 0.10.

The effect of the different reflecting processes does not appear to
correlate with any change in wave period (or wavelength). The effect of
the steepness of submerged slopes may have been important in all of the
experiments, but the correlation between Kp and the offshore slope was
much better in the 6-foot tank (Fig. 10). A predominant cause of the
variability in experiments 71Y-06 (1.90-second wave), 72D-06 (1.90-second
wave; 0.05 initial slope), and 72A-06 (3.75-second wave) was the effect
of the elevation at the top of the submerged slope. In all experiments
except 72A-10, the foreshore remained fairly stable in shape and the Kg
from the foreshore appeared to have been fairly constant, but in 72A-10
the changing foreshore was the predominant cause of Kp variability.
The effect of reflection from a plunging breaker appeared to be small
and difficult to measure. The increasing width of the inshore shelf
(increasing distance between foreshore and offshore) appears to have
been a cause of long-term Kp variability in the experiments with the
1.90-second wave and the predominant cause of K, variability in the
experiments with the 1.50-second wave (Fig. 11). In the other experi-
ments the distance between the foreshore and offshore changed relatively
little and Kp variability was shown to be related to other sources.

3. Variations in Incident Wave Height.

In the 10 experiments, the measured incident wave (Table 13) was com-
posed of the nominal {generated) wave, the re-reflected wave, and, in
experiment 72B-10, the transverse wave. Secondary and cross waves were
also observed, but they did not affect the measurement of the incident
wave height.

Barnard and Pritchard (1972) state that 'Cross waves are standing
waves whose crests are at right angles to a wavemaker; they oscillate
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Table 13. Incident wave heights.

Ly

Movable bed Fixed bed
Experiment | Avg Hy | Limits of Hy | Range.of Obsns | Avg Hy | Limits of Hy | Range of Obsns
variation variation
(ft) (ft) (ft) (No.) . (ft) (ft) (ft) (No.)

72C-10 0.43 0.37 to 0.46 0.09 19 0.44 0.43 to 0.46 0.03 18
(0.41)1

70%X-06 0.34 0.32 to 0.38 0.06 24 0.37 0.36 to 0.39 0.03 27
(0.36)

70X-10 0.37 0.34 to 0.39 0.05 34 0.36 0.35 to 0.38 0.03 32
(0.36)

71Y-06 0.37 0.34 to 0.41 0.07 75 0.38 0.36 to 0.40 0.04 31
(0.36)

71Y-10 0.36 0.32 to 0.41 0.09 67 0.36 0.34 to 0.37 0.03 21
(0.36)

72D-06 0.39 0.36 to 0.42 0.06 23 0.38 0.37 to 0.40 0.03 23
(0.36)

72B-06 0.38 0.35 to 0.41 0.06 21 0.36 0.36 to 0.39 0.05 19
(0.34)

72B-10 0.31 0.30 to 0.33 0.03 22 0.34 0.32 to 0.36 0.04 19
(0.34)

72A-06 0.38 0.33 to 0.43 0.10 16 0.36 0.34 to 0.41 0.07 16
(0.31)

72A-10 0.35 0.30 to 0.42 0.12 14 0.35 0.33 to 0.37 0.04 14
(0.31)

INominal wave height in feet.




at half the frequency of the wavemaker." Normally, cross waves occur at
the generator and result from critical combinations of generated wave-
length and tank width. In movable-bed tests with gradual bottom slopes,
cross waves have been observed by the author at isclated sections over
the profile where the wavelength, as it decreased in shoaling, passed
through a critical value with respect to the tank width and remained at
that value for sufficient distance to generate a cross wave. Cross waves
are a spatial variation in the lateral direction. Cross waves were
observed over a short segment of the movable-bed profile in experiment
72B-06; however, the waves lasted only a brief period of time and were
not measured.

Secondary waves {or solitons) result from the breakdown of a finite-
amplitude wave of nonpermanent form into a primary and one or more
secondary waves traveling at different speeds dependent on depth.
Secondary waves can be generated by a sinusoidally moving generator
blade or by a wave as it passes a slope onto a shelf of smaller but
constant depth (see Madsen and Mei, 1969 and Galvin, 1972) and are a
spatial variation in the longitudinal direction. Secondary waves caused
by waves passing onto a shelf probably occurred, but were not recorded.
Secondary waves caused by sinusoidal generator blade motion occurred,
but (as pointed out in Volume VI for the experiments where secondary
waves were most pronounced) the wave height variation due to secondary
waves was at least an order-of-magnitude less than the variation due to
wave reflection from the profile. Because the incident wave height
measurement was an average of wave heights all along the tanks, the
measured incident wave height was not affected by any spatial variation
in height due to secondary waves.

Transverse waves, generated by a gap at the side of the blade and a
critical combination of wavelength and tank width, have an amplitude that
varies across the tank, but since the transverse wave has the same period
as the plane progressive wave, the combined wave motion causes the wave
height at one point to increase from right to left and at another point,
farther down the tank, to increase from left to right. (See Madsen,
1974.) Transverse waves are spatial variations in both the lateral and
longitudinal directions. Transverse waves were observed and recorded
in only experiment 72B-10; a complete discussion of the wave height
variability resulting from transverse waves is given in Volume VII,

Re-reflection was the primary source of incident wave height varia-
bility in these experiments. The effect of re-reflection on incident
wave height variability in an experiment can be determined by comparing
the difference in the range of wave heights between the fixed- and movable-
bed tanks. The wave height variation in the fixed-bed tank is a measure
of the wave height measurement accuracy in the movable-bed tank, and sub-
tracting the measurement accuracy from the total variation in the movable-
bed tank gives a measure of the incident wave height variation due to
re-reflection in the movable-bed tank,

a. 1.50-Second Wave. The nominal (generated) wave height for the
1.50-second wave period was 0.41 foot (12,5 centimeters). In the
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fixed-bed tank the average incident wave height was 0.44 foot (13.4
centimeters), 0,03 foot (0.9 centimeter) above the nominal (generated)
height, and the range of heights was only 0.03 foot.

In the movable-bed tank the range of values was 0.09 foot (2.7 centi-
meters), so that 0.06 foot (1.8 centimeters) is assumed due to varying
profile reflectivity. The average incident wave height was 0.43 foot
(13.1 centimeters), just over the nominal (generated) height by 0.02
foot (0.6 centimeter),

b. 1.90-Second Wave. The nominal (generated) wave height for the
1.90-second wave period was 0.36 foot (11.0 centimeters), In the fixed-
bed tanks the average incident wave heights for the five 1.90-second tests
were all within 0.02 foot of the nominal (generated) height. In the 10-
foot tank, initial twst length of 61.7 feet (18.8 meters), the average was
0.36 foot, the same as the nominal (generated) height; in the 6-foot tank,
initial test length of 100 feet (30.5 meters), the average was 0.37 or
0.38 foot (11.3 or 11.6 centimeters). In four of the five experiments
the range of variation in incident wave height was 0,03 foot and in
experiment 71Y-06 the range was 0.04 foot (1.2 centimeters).

In the movable-bed tank in experiment 70X-06 the range of values was
0.06 foot, 0.03 foot due to varying reflectivity; in experiment 70X-10
the range was 0.05 foot (1.5 centimeters), 0.02 foot due to varying
reflectivity; in experiment 71Y-06 the range was 0.07 foot (2.1 centi-
meters), 0,03 foot due to varying reflectivity, and in experiment 72D-06
the range was 0.06 foot, 0.03 foot due to varying reflectivity.

The average incident wave height in the movable-bed tanks was less
than the nominal (generated) height in experiment 70X-06, equal to the
nominal (generated) height in experiment 71Y-10, and greater than the
nominal (generated) height in experiments 70X-10, 71Y-06, and 72D-06.

c. 2.35-Second Wave, The nominal (generated) wave height for the
2.35-second wave period was 0.34 foot (10.4 centimeters). In the fixed-
bed tanks the average incident wave height was 0.02 foot above the nominal
{generated) height in experiment 72B-06 and equal to the nominal (generated)
wave height in experiment 72B-10. The difference was likely due to the
difference in initial test length. The range of incident heights was 0.05
foot in experiment 72B-06 and 0.04 feot in experiment 72B-10.

In the movable-bed tank in experiment 72B-06 the range of heights
was 0.06 foot, only 0.01 foot (0.3 centimeter) due to varying reflec-
tivity, and in experiment 72B-10 the range was 0.03 foot, which was
within the accuracy of the wave height measurement; thus, the effect
of re-reflection in each experiment was not measurable.

d. 3.75-Second Wave. The nominal (generated) wave height for the
3.75-second wave period was 0.31 foot (9.4 centimeters). In the fixed-
bed tanks the average incident wave heights were within 0.01 foot of one
another and both were greater than the nominal (generated) height. The
range of incident height variation was 0.07 foot in experiment 72A-06
and 0.04 foot in experiment 72A-10.
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In the movable-bed tank in experiment 72A-006 the range of values was
0.10 foot (3.0 centimeters), 0.03 foot due to varying reflectivity, and
in experiment 72-10 the range was 0.12 foot (3.7 centimeters), 0.08 foot
(2.4 centimeters) due to varying reflectivity. The average incident
heights in the movable-bed tanks were 0.07 foot and 0.04 foot, both
greater than the nominal (generated) height.

e, Comparison of the Ten Experiments. Varying profile reflectivity
caused no measurable change in the incident height in experiment 72B-10
(2.35 seconds), a moderate change (0.01 to 0,03 foot) in experiments
70X-06, 70X-10 (1.90 seconds), 71Y-06, 72D-06, 72A-06, and 72B-06, and
a significant change (0.06 to 0.08 foot) in experiments 71Y-10 (1.90
seconds), 72C-10 (1.50 seconds), and 72A-10 (3.75 seconds). The effect
in the 6-foot-wide tank was in the moderate range for all five experi-
ments and in the 10-foot-wide tank ranged from no change to 0.08 foot,
and the effect was not a function of wave period. It appears then that
the wider tank may have amplified this effect.

III. LEQUILIBRIUM PROFILES

1. Definitions and Importance of Equilibrium Profiles.

The term "equilibrium profile'" implies a profile whose mean position
is fixed in space for the given wave and sediment conditions, with the
expectation that the actual profile at any given time will deviate some-
what from the mean profile. It has been assumed that equilibrium is a
state which can be reached on a model profile with a constant wave action
impinging on it for a sufficiently long time.

Laboratory studies of longshore transport often depend on having an
equilibrium profile to determine the longshore transport rate without
having an onshore-offshore transport component (Savage, 1959, 1962;
~ Fairchild, 1970a). Coastal engineering models are frequently based on
simulating the equilibrium profile, However, Savage (1962) and Fairchild
(1970a) found that equilibrium profiles are not always easily attained.
Collins and Chesnutt (1975, 1976) showed that the final unchanging pro-
file for the same wave and sediment conditions was not always repeatable
and that the initial slope could affect the final profile shape.

Swart (1974) found that for a single periodic wave impinging on a
profile, 1,500 hours of wave action was required to reach equilibrium
for some wave and sediment conditions, However, 1,500 hours is not a
practical test duration for most models or experiments,

J.W. Kamphuis (Professor of Civil Engineering, Queen's University,
Kingston, Ontario, personal communication, 1978) used a series of wave
conditions replicating a year's seasonal variations and found that
when using a wave in the transition region in place of either the winter
or summer waves the profile reached equilibrium much less readily than
when using only winter and summer waves. Kamphuis further compared two-
dimensional tests with three-dimensional tests, and found that 9 to 11
yearly cycles were required to reach equilibrium with the two-dimensional
setup and only 1 to 2 cycles with the three-dimensional setup.
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The LEBS experiments were planned to be run until the profile devel-
oped an equilibrium shape because it was assumed that if the profile
reached equilibrium, the primary source of temporal wave height varia-
bility, the changing profile reflectivity, would be eliminated or sig-
nificantly reduced.

The effects of varying initial slope and wave period are discussed
below. The effect of tank width on profile development is discussed in
Section 1IV.

2. Effect of Initial Profile Slope.

Two experiments were conducted in which the only variable was the

initial profile slope--0.10 in experiment 71Y-06 and 0.05 in experiment
72D-06.

The steeper initial slope in experiment 71Y-06 (Fig. 12) adjusted
slowly to the waves and did not appear to have reached equilibrium along
any segment of the profile after 375 hours. The foreshore retreated at
a rate of 0.113 foot (3.44 centimeters) per hour between 1 and 15 hours
and at a rate of 0.025 foot (0.76 centimeter) per hour thereafter. The
flat shelf in the inshore zone and the steeper slope in the offshore zone
developed between 200 and 220 hours.

The flatter initial slope in experiment 72D-06 (Fig. 13) adjusted
more quickly to the wave attack, but also did not appear to have reached
equilibrium. The foreshore retreated at a rate of 0.05 foot per hour
between 5 and 125 hours, prograded seaward between 125 and 135 hours,
and then stabilized for the remainder of the experiment. The inshore
zone slowly grew in width and the offshore slope remained mild during
the first 100 hours. After 100 hours the flat shelf in the inshore zone
and the steeper slope in the offshore zone rapidly developed. Once the
foreshore stabilized, the inshore zone began eroding, creating a signifi-
cant depression in the profile below the forshore zone, while the off-
shore zone continued to prograde seaward. The Kp stopped varying
during the last 25 hours (Fig. 7), indicating that equilibrium may have
been near.

Although neither profile reached equilibrium, the profiles developed
somewhat different shapes (Fig. 14). The differences in rates and types
of profile adjustments verify the conclusions of Collins and Chesnutt

(1975, 1976) that the initial profile slope can affect the final profile
shape.

3. Effect of Wave Period.

Nine experiments were conducted with an initial profile slope of
0.10 and four different wave periods; the experiments are analyzed below
to determine the effect of wave steepness on profile equilibrium. The
deepwater wave steepness was 0,039 for the 1,50-second wave, 0,021 for

the 1.90-second wave, 0,013 for the 2,35-second wave, and 0.004 for the
3.75-second wave,
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a. 1.50-Second Wave. The pinfile in the one experiment (72C-10)
conducted with a wave period of 1.50 seconds appeared to be near equi-
librium, as indicated by horizontal contours in the foreshore zone and
most of the inshore zone in Figure 15. Erosion of the foreshore was con-
tinuing but slowing along the range 1 side of the tank and some erosion
was occurring in parts of the inshore zone. Deposition continued in the
offshore zone, but at a slower rate., The breaker type and position had
stabilized and the Kp and its variability had decreased to small values.
1f this experiment had been continued, presumably it would have soon
reached equilibrium. The final profile is shown in Figure 16.

b. 1.90-Second Wave. Four experiments were conducted with a wave
period of 1.90 seconds and an initial slope of 0.10.

(1) Experiments 70X-06 and 70X-10. These experiments had a
7-foot longer initial test length than the other experiments in their
respective tanks. Because the shoreline was stabilized by the renourish-
ment of the backshore after 54 and 62 hours in experiments 70X-06 and
70X-10, the final protile shapes for those experiments may not have been
characteristic of profiles for the 1.90-second wave. The final profiles
could not have been at equilibrium because sand was still being eroded
from the backshore when the experiments were stopped (see Table 10 in
Vol. II). However, the nearly horizontal contour lines near the end of
the experiment in the offshore in Figure 17 indicate that parts of the
profile in experiment 70X-06 may have been approaching equilibrium. It
is difficult to determine from Figure 18 if the profile in experiment
70X-10 was approaching equilibrium. Several of the offshore ccntours
had stopped moving in the seaward direction and had begun to move in the
shoreward direction, indicating the possible approach tc some dynamic
equilibrium, but the lateral variations in the shape and development of
the profiles (see Vol. II and Section IV,5 in this volume) made it diffi-
cult to determine equilibrium.

Figure 19 compares the center profiles from the twc experiments at
50, 100, and 175 hours, indicating that the profiles at 50 and 100 hours
were nearly the same, but that at 175 hours the profile in experiment
70X-10 had built farther seaward while maintaining a similar shape. The
profile development after 175 hours in experiment 70X-10 is shown in
Figure 20.

(2) Experiments 71Y-06 and 71Y-10. These experiments had a
shorter initial test length than the two experiments discussed above.
There is no indication that either experiment 71Y-06 or 71Y-10 was near
equilibrium at the end of the experiments, as shown in Figures 12 and 21;
both experiments showed slow, steady development throughout.

Figure 22 compares the center profiles from the two experiments at
100, 200, and 300 hours, indicating that at 100 hours the profiles had
nearly the same shape; at 200 hours the profile in experiment 71Y-10 had
already developed a flat inshore shelf while the profile in experiment
71Y-6 had not, and at 300 hours the profile in experiment 71Y-06 had
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developed the flat inshore shelf and had surpassed experiment 71Y-10 in
the progradation of the offshore zone. The comparison of the final pro-
files for the two experiments in figure 23 indicates that the experiments
had roughly the same shape, but that in exporiment 71Y-06 the foreshore
had eroded farther landward and the offshore had prograded farther sea-
ward.

(3) Comparison of the Four Experiments. The final profiles in
the experiments with the 1.90-second waves are compared in Figure 24,
showing that the profile shape was similar in all four experiments, but
that the longer the experiment, the farther landward the foreshore and
the farther seaward the offshore. The Ky variability increased with
time during each test (Figs. 3 tc 6). This indicates that if an equi-
librium slope can be attained for the 1.90-second period on an initial
0.10 sand slope, it is probably shaped like these four profiles with an
even longer inshore zone.

c. 2.35-Second Wave. The profile in experiment 72B-06 adjusted
slowly to the waves and appeared to be near equilibrium at the end of
the experiment (150 hours) (Fig. 25); the profile in experiment 72B-10
adjusted more rapidly and did not appear to be near equilibrium at the
end of the experiment (150 hours) (Fig. 26).

The differences in rate of profile adjustment and the differences in
the shape of the offshore zone between the two experiments are shown in
Fipure 27. These differences may have been caused by differences in
tank width and initial test length or by the transverse wave which was
only generated in experiment 72B-10.

d. 3.75-Second Wave. Two experiments were conducted with a 3.75-
second wave. Although the profile in the narrower tank (experiment
72A-06) did not appear close to equilibrium, the profile in the wider
tank (experiment 72A-10) did, as shown by comparing Figures 28 and 29.
The development and disintegration of circulation cells between antinodes
of the standing wave envelope evidently prevented the profile from reach-
ing equilibrium in experiment 72A-06 (discussed in Vol. VI). The absence
of any horizontal contours in Figure 28 (narrower tank) shows this lack
of equilibrium. However, in the wider tank, nearly all contours are
horizontal after only 25 hours (Fig. 29).

Figure 30 compares the center profiles from the two experiments at
25, 50, and 80 hours, indicating that throughout the experiments the
profile shapes were quite different in the two tanks, probably as a
result of the circulation pattern in experiment 72A-06. Profile changes
during the final 55 hours of experiment 72A-06 are shown in Figure 31.
The offshore zone changed to a more gently sloping region.

e. Comparison of the Profilus. Although the profile in experiment
71Y-06 was not at equilibrium, it appears to well represent the shape
of profile adjustment for a 1.90-second wave. The profile in experiment
72C-10 (1.50-second wave) was close to equilibrium and is assumed to be

64



Efevation ahove SWL (1)

Elevation above SWL (ft)

Beach Profile
——— 71Y-06 (after 375 hr)
...... 71Y- 10 (after 335 hr)
sl —=—"T71Y Initial Profile

4 ] L I | L1 |
-14 -7 0 7 4 2l 28 35

Distance from Original SWL Intercept (ft)

Figure 23. Final profiles in experiments 71Y-06 and 71Y-10,
with the longest test durations in the series.

Beach Profile

. 70X-06 (after 175hr)

—.—~— T70X-10 (after 210hr)
—--=== 71Y-06 (after 375hr)
............ 71Y=-10 {after 335hr)
—=-— Initial Profile

4 1 | 1 | l | |
-14 -7 0 7 14 21 28 35
Distance from Original SWL Intercept (ft)

Figure 24. Comparison of final profiles with a wave period
of 1.90 seconds and an initial slope of 0.10.

65



Distance from Original SWL Intercept (ft)

20

25

30

p\/r_—\&-— 0.6 ft j
0.4
N 0.2 » Foreshore
0.0
-0.2 =
\ 0.4 »Inshore
N AN —0_6
-0.8 -
-1.0
e — 1,2

W r Offshore
r\_/ﬂv/_“\d,_\J,\,,_/—N\\_/d/
W N T

l 1 _ 1 J

0] 50 100 150 200 250

Cumul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>