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LABORATORY 3 TUDIES CF DBEPTH DE TERMINATION
BY THE WAVE VELOCITY METHOD

by
Osvald Sibul

I. ABSTRACT

The wave velosity method of depth determination has been studied in a
laboratory wave channel, The data were recorded orn movie film and were evalua-
ted for wave travel diagrams (distance-time diagrams) which were then used to
make depth predictions. Three sets of conditions were considereds 1) uniform
waves in water of constant depth (not used for depth determination), 2) non-
uniform waves in water of constant depth and 3) noan-uniform waves on & uniformly
sloping bsash. The computed results were tabulated and the predicted depin ob-
tained by averaging a large number of individual values. The resulting data
are presented in a series of graphs.

I1. INTRODUCTICN

For military operations on ensmy-held beaches, it is very iwportant to
know the water depths and characteristios of the coast line. Large scale
hydrographic surveys of beach areas are rare and the areas covered usually (5)*
are small. Furthermore, changes in the beach form can take place quite rapidly‘.
It is obvious that direct measurements of enemy-held beaches are wvery difficult.
Some met.surements have been made by sending boats or swimmers ashore at night to
make the soundings, but this is a very dangerous task, and furthermore, there are
no means of knowing exmctly where the measurements were made. Although im-
provements have been made recently, during World War II considerable attentioan
was given to the problem of depth determination, and different methods were de-
veloped to make indireot measuremsnts of beach profiles. This report deals with
the wave velocity method of depth determination. Several publicaticns have de-
soribed the application of this method (1-4), Photographs have been taken of
a large wvariety of types of beaches and avaluated for depths. The results have
been satisfactory insofar as the beach slopes were conoerned; however, it was
found that relatively largs errors have cccurred ir determining depths at in-
dividual points. The diffiocultiss in ocomparing the computed depths with ac-
tually measured depths may sometimes be traced back to the faot that the surf
oonditions often prevented soundings from being tsaken on the same day as the
aerial sorties, and the actual profile may have changed considerably between
the time of taking the pioctures end the time that the soundinzs were completed.

Considering these difficulties, and also to obtain a larger variety of
beach and wave conditions, it was decided to conduct some laboratory investi-
gations on the wave velocity method of depth determination. Four sets of
conditions woare considereds

1. The walorities nf uniform wnves in constent depth of water were measured

at different disteances from the weve generator in order to determins the
wuve tank characteristics.

2. Non-uniform waves in water of constart depth, for several depths.

% Nombars in parentheses refer to References at end of parer.
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3. Non-uniform waves cver & beach of a constant slope of 1340. This slope
was chos.n so as to be similar to field conditions previously analyzed.(g)

4, Non-uniform waves over beaches with siopes of 1311, 1420 and 1:40 . Bach
of these beaches was used under two conditicms, a) uaiformly sloping
without an offshore bar, and b) uniformly sloping with an offshore bar,.

Bveluations of the data for the first three sets of conditions have been com-
pleted and are presented in this report. The resuiis and evaluation of the
fourth condition, however, will be presented in a separate report.

I1I, THEORY

If wr.ves are of small amplitude compared to their length (height less then
1/200 ef length) and dspth of water, and are of constant length and height,

the wave velocity C, in water cf constant depth may be written asg
c% =(g L/ 27)tanh ( 27 d/L) (1)
or, oonsidering also the definition for periodic waves
L= CT (2)

Equation (1) may be rewritten as

c =(g T/ 27) tanh (274d/L) (1a)
o L =(g 13/ . 7) tanh (27d/L) (1v)
where C = wave velooity in feet per seoond,
L = wave length in feet (the distance fram orest to crest),
T = wave period in seconds (the time interval between the appear-
ance of suocessive orests at the same point),
d = ter depth in feet, and

g = acceleration of gravity in feet/second?.

Equation (1) indicates that the wave velocity and length depend upor the
depth of water and tha wave period. Considering also Equation (2), it is
seen that the depth can be found if:

1. +the velocity C and length L are known (Equation 1),
2. the velocity C and period T are known (Equation la), and
3. the length L ana period T are known (Equation 1b).

If the depth is very shallow as oompared with the wave length,
tanh (274/ 1) approaches the value of (27d/L) and Equation (1) beoomes

¢ = gd (3)

As we see in Figurs 1, the two functions(2 7 d/L) and tenh( 27d/L) are
nearly aqual for d/L = 0,04, or less.



At d/L = 0.05, the difference is 3% and at d/L = 0.04 the difference is only
2%. In other words, for d/L = 0.04 the wave length (and period) practically
cease to influence the wave velooity and the depth may be detarmined by mea-
suring only the wave velocities (Equation 3). For T = 10 seconds, the simpli-
fied Bquation {3) may be used for depths approximately 5 feet or less, and

T = 15 seconds when depths are less than 12 feet.

For water deeper than one-haif the waww length (d/L > 0.5) temh 2wd/L
is almost equal to 1 and Equetion (1) reduces to

o2 = (g Lo/ 27) (4)
Co = g1/ 2m) (4a)

Subsoript -, refers here to deep water conditions. In Equation (4) the wave
velooity, length and period are not functions of the water depth, and so can
not be used for depth determination.

For d/i.>0.025 the change in wave veloocity seems to be rather insemsitive
to the change of depth, as can be seen in Figure 1, so it would be reasonable to
limit the method ir the laboratory studies to the region d/L< 0.25 (or the
corrssponding d/io < 0.23), To compare the laboratory =tudies with prototype
conditions, we know that in many locelities, such as the North Sea and the Baltio,
and also wherever the locality is near a storm area, wave periods of 4 seconds
may be encountersd. This means that the method may bte used for depths of less
than 19 feet, which seems to be suffiociernt for most landing operaticns.

For T ® 3 seconds, the method seems to be rether limited to a depth of
approximately 10 feet. Considering also a relatively large error for higher
d/iL values, it seems to be reasonable tc limit the method for wave periods
T > 4 seconds. The above named limits are set considering only the results
obtained under laboratory conditions. The actual application of the method
has shown, however, that no satisfactory results may be obtained for such
high values of d /L. For nractical purposes d/L = O.1 may be considered as the
upper limit. On many ococasions it was found that for satisfactory results
the wave period T should be longer than 12 seconds. Wave orests of waves of
shorter periods ere scarcely distinguishable in aerial photographs.

As was previously mentioned, the wave velocity method has been applied
on numerous occasions., The slopes of the beaches have been predicted satis-
facterily in most cases; however, relatively large errors have been noted in
the depths predicted at individual points. Thase errors can not all be traced
to the accuracy of measurements; it seems rather that the theory breaks down
upon ococasions. To understand and minimize this difficulty it seems to be
necessary to list and keep firmly in mind the assumptions and definitions that
have led to Stokes! theory and Equation (1). The assumptions are as follows:

l. the water dspth is constant,
2. ths wavs stcopuncss is small, and

3. the waves are periodic and of uniform permanent form.

At first glance it appsars that none of these conditions is tultilled in the
ocean. The first assumption (that the water depth should be constent) is
almost never fulfilled when the theory is used to determine 4he depths
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offshore from beaches, because the bottom is almost always siopinges Some of
wave energy is reflected by the sloping bottom, but all the experiments indicate
that reflections are very small and negligible when the slope is flatter than
1510. The faot that the gradients of beaches were predicted very closely for
flat beaches indioates also that the average wave velocities as predicted by
the Stokes theory are not affected very much by sloping beaches.

The second assumption (that the wave steepness is small) is usually
fulfilled in the occean. Dowever, it is preferable to use steeper waves, since
the defizition of the orest is always much better for steeper waves than for
flat ones, and the error due to error in measurement will be reduced. Equation
(1), known as Stokes' first approximation, neglects tha effect of wave height.
Stokes! third approximation takes this into account, that is,

{1+9(87rd/L)+§(87rd,/L_)'_2( Jard LLé—47rd/L))_H2 Wsz}
(e (2ma/L)_ ol - 21rd/1’)) ) (5)

=(g L/27)tanh(2 74 /L)

where L, C and d are as defined before, and H = wave height.

This formula, however, can not be used for depth determination, since i<:
is praoticelly impossible to measure wave heights from aerial photographs taken
under operatinnal conditions. However, one can estimate the relative wave
steavness for a given photograph, and it has been ths praotice (particularly
in Great Britain) to reduce the depths computed by 10 percen? §f the photographs
indicate very steep waves, or by 5 peroent for flatter waves

Violation of the aszumption that the waves are uniform seems to be the
most critical. Ocean waves are always non-uniform, with the waves having
different psriods, lengths and heightas Thus wave forms are constantly

ochanging due to their dispersive qualities; however, the changes become much
less rapid in the snallow water naar the besach, as this quality depends upon
the relative depth, i.e., d/L.

IV. LABORATORY EQUIFMENT AND PROCEDURE

Bxperiments were perfomred in a wave channel 1 foot wide, 60 feet long
and 3 feet deep, located in the Fluid Mechanics Laboratory of the University
of California, Berksley. One side of the chaunel consisted of plate-glass,
framed in 3 ft. x 3 ft. stesal frames; through which moving pictures of the
wave motion were taken. The wave genarator, of the flapper type, was loca-
ted at one end of the chennel, Both the emplitude and period of the fliapper
movement were adjustable. The period of the flapper movement could be varied
hetween approximately 0.4 second and 2 seoonds. At the opposite end of the
channel from the wave generator an aluminum beach was installed. The clope

f the beach could be varied from the horizontal to approximately 1:10.

Tc measure wave velocities &t a particular point, two double-wire
elements were mounted on a single point gage, as shown in the sketsh. The
distance between the two elements was approximately 1 footl. The elsmsnts
were connectsd to a Brush Recorder and the surface time history reoorded
simultaneously for both elements 7). The time required {or & wave crast
to pass from element )1 to element 2 can be read very accurately from the
records, and knowing the exact distanca bLetween the elements one is able
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4 to compute the wave velocity. A sample of
FOINT GAGE the record is given in Fig. 3a.
F‘ The first experiments were made to

determine the influence of the particular
channel upon the wave motion, and to de-
termine the minimum distance bvetween the

wave-generator and’ the point of measurement
e DI that 4 ired for stead ditions
RESISTANCE hat is required for steady con ons.
ELEMENTS DIRECTION OF For this purpoge conutzat depths and uniform
~—TRAVEL | waves were used. The wave velocities were
D measured at different distances from the
///4f{’i “%Hhﬁﬁa\h‘ wave generator (see Figure 2).
ﬁzfgﬁ#ﬁﬁﬁf’ For the remaining experiments,

non=uniform waves were generated by moving
the flapper menually in order to vary the
periods and amplitudes. To obtain a con-
tinuous record of the waves a 35 mm Bell and Howell "Eymo”™ camera was used.

The soction covered by the camera was between 7 and 9 feet in length.

EL.-NQ2 je—— APPROX, |' ———— EL.NQ.I

Experimentation with photography showed that clear water gave a surface
line in the photographs which was diffiocult to read. Therefore, it was decided
to cover the glass windows in the channel with tracing vaper, stretched tightly
against the surface of the glass, A grid was drawn on the paper to obtain a
scale for ihe evaluation of the data. When a strong light was directed to the
water surface a very clearly distinguished shadow line was obtained on the
tracing paper; hence, the shadow of the water-surface profile was actuslly
photographed. The results wers satisfectory. Special care was taken to keep
the tracing paper as tight as possible to the glass, otherwise the shadow image
would net be clear and would result in erroneous readings. In order to obtain
a time-scale for the measurements an electrically operated clock, graduated
in 0,01 second increments, was installed in the field of view. The srrangement
of the set-up is shown in Figure 4.

V. EVALUATION OF THE DATA

Uniform waves

The wave velocities for the uniform waves wers obtained from the Brush
racords by measuring the time necessary for a wave crest to travel the known
distance (approximately 1 fooi) between the two resistance elemerts. The
accuracy of the time measurements may be considered to be * 2/1000 of a
second, provided that the definition of the wave crest was good, as is the
case, for example, in Figure Za,

T many casss it is very aiffioult to detarmine the exact location of
a wave crest. The maximum elevation is not necessarily always in the miadadle
of the wawve, and in addition to that it seems to shift back and forth. The
change in wave shape might be considerable even at such a short distance as
1 foot, as domonstrated clearly in Figure ?b. At element 1 the meximum ele-
vation was at the front of the weve, but upon reaching slement 2 it had
already shifted considerably beckward. It was obvious that the maximums in
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Figure 3b could not be used to determine the wave velocity and that such data
should be disregerded. The wave velooities were obtained for a ocarefully se-
lected series of vaves and averages wers computed for at least ten waves.

The measured wave veloocities were oompared with theoretical velooities as
computsd by Eguation (1). Results are shown in Figure 2 as the ratio of

Cm/cc against the distance from the wave generator, measured in wave length DL,
Here Cp is the mrasured wave velooity, C. the theoretiocal velooity, D the dis-
tance of measurement from the wave generator in feet and L the wave le:gth.

Non-uniform waves

For the non-uniform waves it was necessary to obtain a ocontinuous rescord
of the wave traval, s¢v the waves were photographed on 35 mm movie film as descri-~
bed above. The movies were analyzed frame by frame, each wave in the photo-
graphs being assigned a number, and the time and location of thsse waves were
measured as they advanced down the chanusl. The data obtained were plotted as
wave travel diagrams (see Figures 5, 10, 15, 20, 25 and 3C.)

To oompute the water depth, the wave veloocities, periodes and lengths
were measured from wave travel diagrams. The wave lengths and periods were the
distances between the successive wave crests in distance and time scale, re-
speotively. The velocities were obtained by measuring the slopes of the time-
distance curves. For the oase of a oonstant depth of water, it was relatively
easy to obtain the slope of the ourve, since the ourves oould be represented
by straight lines through the experimental points. The lines intercepted
some times only through the oaps, and shifts in lines (for example, in Figure 5,
wave No. 18; and Figure 20, waves number 10, 12 and 16) were caused by the
transformation of the waves and shifts in the position of wave orests. Much
of the diffioculty was experienced in obtaining the wawe velocities for a sloping
beach. The lines represeanting the travel of wave orests were ocurved, but the
change in curvature was very small as the wave approached the beach. The ve-
looity measurements had to be made as aocourately as possible, sinoce & rela-
tively small error in velooity might cause a large error in depth. For the
case of shallow water, where Equation (3) can be used, the error in depth
would be the square of the error in velocity, as can easily be seen from this
equation. It wes found that the most reliable mecsurements of the ourved lines
ropreosenting the trevel of wave cresis were obtained by approaching the curve
with a transparent ruler or triangle from the concave side until the straight
edge established the best estimuted tangent to this point; thus the velocity
was obtained from as large as possible right triangle formed by the tangent
and the length and time ordinates. The final value for the vslocity was ob-
tained as an average of at least five independent measurements at the given
point. The measured values are tabulated in the first part of Tables 1, 2
ato,

Before starting the computations, it was nscassary to decide which
combination of C, T and L values should be used in Equation (1) for depih
axtermination. Thera ware many possibilities, such as using: (a) the
preceeding period and length to the crest where the velocity was mecsured,

(b) the following period and length and (c) some combination of the prsceeding
and following wave periods and lengths. To demonstrate the differsnt pos-
sibilities for computation and to determine which of the methods was most
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2ble and simple to handle, it was decided to use three different metnods

eveluets Equetion (1) for the depth. For comparison the simplified Equation

also was used for depth determination. Here it was necessary to measure

nly the crest veloocity, and the method was introduced as Method 4. The other

three methods used were as follows.

Method 1.

(n-1) n/ (n+l) The depths were computed using the
/ / following combinations; (a) wave period
tosen /7 Tn-1)—n » wave length L(s-1) —n .

wave velocity C(p-1) of the preceeding

w - S crest; (b) wave period T(p-1) —pn and
g s /. Jofevoluation | "ave length L(n-l —p @S under (a), but
O the velocity of the following crest C p .
a / Thus, two computations wsrs made for esch
2 / wave, as shown in Table 1, 3 , etc.,
labeled Method 1. The final depth was
i TIME. SECONDS z::i:rjed by averagzing all the single re-

Method 2: For each orest vsiocity C,, an average wave period T, and L,
were computed as followss

T(n~1)~n * Tn—(n +1)

DISTANCE, FEET

(n-1) n/ Tn+1)/ Th = 2 (7)

L, = ﬂn-llwn'gl'n ~(n+1)  (g)

The values Cp, , Tp .and Lp were used in
Equation (1); the cowmputations were com-
Location of pleted in Tables 2, 4 etc. under Method 2.
evaluation

Method 3:

Method 2 is satisfactory for more or
less uniform wave trains. To consider also
the location of crest n as compared with
| ( n-l) and (n+1) (non-uniformity of waves)
Method 3 was introduced. In this method a

T GECOS balanced wave period Tnb and length Lnb
(linsarly interpolated values and effeotive

measured) was computed as follows:

The

at tho location where the velocity C, was

_ 2 T(n_ll-—.n x Tn—O(il+1)

Ty = \9

™ Drnayen + To—= (a1} )
. = F(n-1)—n XLy —(n+1) -
~Eh L{p=-1)-en T oIy —={a+1)

values Cp, Tny, and Lp, were used in Equation (1). The camputations

wore completed in Tables 2, 4 etc., under Method 3,
Mothod 43

The only measurement necessary hc 's was wave veloocity, and the depth was
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oomputed in Tab%es 2, 4 etc., under Method 4, using the simplified Equation {3):
E-.-
%o &
Tre computation procedure was the same for Methods 1 to 3 inclusive.
Rewriting BEquation (la) we have

-

tanh (27d/L)= Cy/ 5.12 T = Cn / Cq (11)

Cn and T were measured, so the walue for tanh 2(’3/L) could be computed at
once, and referring thiz value to existing tables the value for d/L was
obtained. With L known, the depth was easily computed.

As an oexample, a wave given in Table 2 under Crest 3 will be considered.
Under Method 2 it was found that the average period T,z 0.96 second, average
length L, = 5.46 feet, and the velocity C, = 4.43 fzet second. Therefore

€,/ 5.12 T, = tanh(27d/L)was found to be 7% VA T 0,903
Refarring this value to Wiegel's tables(e) page 45, we obtained d/i = 0.237;
knowing Lp we have d, ™ 0.237 x 5.456 = 1.29 feet. Znowing also the actual
depth of water, 4, = 2.00 feet, the absolute error and the percentags of error
ars oomputed as shown in Table 2. The negative sign irdicates that the depth
was underestimated; the positive sign desipgnates overestimated depths. The
distribution of errors was plotted for different methods in Figures 6-9,
11-14, 16-19, 21-24, and 26-29.

The computed wave lengths L, = Cp T, (c and T, were measured in
wave travel diagrams) and the measurod wave 1engths Ln also were oompared
in Table 1 eto. under general data, but no attempt was made to use them for the
depth determination.

At first it seemed roeasonable tov use only that part of the data where
the values of L , and L, were approximetely the same, but later it was dis-
covered that there was no definite relationship bstween the error in measured
wave length, L,, as compared with the computed value, Ls; hence it was decided
to use only the measured wave lengths, L,, for the computations.

IV. RESULTS AND DISCUSSION

Uniform waves

The first set of experiments were made using uniform waves in order
to determine the characteristics of the wave channel. The results are given
in Figure 2 which shows a comparatively wide scatter of the data close to
the wave generator. 1In this region the measured wave velocities, Cp, sesm to
be higher than the thecretical velocities, indicating that the waves need a
certain time to become stabilized after they are generated by the flapper.
At a distance of approximately three wave longths from the generator, the wave
velooity seemed to develop a constant value, with measured values approximately
6 percent less than the theoretical. There were not emough date available to
maks this statement more conoclusive; however, considering other observations,
it seemed reasonable to maintain the points of measursmsunt as far as poasible
from the generator.
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Won-uniform waves in water of opnstant depth

In the wave theory used, an assumption of a finite and constant depth of
vwater is made and then extended to shoaling water by assuming the waves to have
the same oharaoteristioss in water of any depth as they would have in water of the
same, but oonstant depth. The seoond set of experiments were made to test the
validity of theory in water of oonstant depth. The experiments were made in
five different depths of water; 2 feet; 1.5 feet; 1 foot; 0.633 foot and C.253
foot with corresponding average d/Loey. Values oft 0.41; 0.34; 0.33; 0.104 and
0.067. The wave travel diagrams are given in Figures 5, 10, 15, 20, and 25, and
the computations completed in Tables 1 to 8.

Bffect of mathods of computation: As already mentioned, the computa-
tions were completed using four different methods (see page 7). Method 1 was
tedious as the computations had to be repeated twice for eaoh crest; also,
there seemed to te oonsiderably more soatter in the results than ian other
methods (see Figures 6, 11, 16, 21, and 26). Because of this, the method is
not reoommended.

Mothods 2 and 8 seemed to be of equal value and the oomputations in-
dicated the least scatter in results, as can be seen in Figures 7, 8, 12, 13,
17, 18, 22, 23, 27 and 28. Method 2, whioh was slightly simpler to handle,
is reoommended for the oase where the wave travel diagrams landicate a mors or
less uniform train of waves, Method 3 should be used in ocase of highly non-
uniform waves,

Method 4, as mentioned before, should be used only for the oase whers
the d/1 value 1s less than 0,04, To demonstrate this, all the oomputations
were oompleted for the fourth method also, and the results oan be oompared
with other methods in Figures 9, 14, 19, 24 and 29. The results present little
scatter, but the depths are considerably undsrestimated. The greater the -
relative depth of water, the larger the error. At d/ioav = 0,41 (Figure 9)
the average error is - 63 percent; at d/L,,_ = 0.10 (Figure 24) the error
is - 34 peroent; and at d/iOav°= 0,067 the error has been reduced to - 14
percent. There are nc experimental results available ‘or smaller d/Lo values,
but all the available data(9) indioate a very good agreement for small d/Lo
values. Consequently, this method is reoommended for the region of d/L < 0.04.
The advantages of this method are the simplicity of application and the fact
that only one measurement - the wave velocity - is necessary.

Effeot of relative water depth d/L: The lower the valus of 4/L, the
less soatter in results, as can be seen in the error disuribution plots. This
is to be sxpeoted because the shallower the water, the more depth affects the
wave velooity, and hence, the less the importance of phase shift and period
of the uou-uniform waves. On the other hand, for the higher d/L values, the
velooity is ra%lior insensitive to the depth, and the curve tanh(27d/L)develops
a flatter end flatter shape (see Figure 1), so that it is very difficult to
selact the proper value for d/ for experimental values of tanh(27Td/L):

Cr /5e12 Ty Tis results in an uncertaln dstsrmination of depth. Thus, it
is rscommended that those data be used which have the longest possible wave
longthso
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Effeoct of non-uniformity of the waves; In addition to the veriation
of lengths and periods, there are the phenomena ofs

a) the disappesrance and reappearance of wave crests {see Figure 5, Crests
18~19; Figure 30, Crest 50; etc.);
b) the instability of the wave orests, so that it is not possible to de-

soribe the travel of the crast by a single, well-defined ocurve (Figure 20,
Crest 10);

c) the shift ir the crest (Figure 20, Crests 12, 16 atc.);
d) +the crossing of different wave orests (Figure 30, Cresvs 21 and 22); and

0) the bhraaking of waves.

All the above-nemed irregularities in wave shape and appearance seem to affect
considarably the wave characteristios es desoribed by Eguation {1). To
demonstrate this fact, the error in depth determination was plotted in the
upper portion of the wave travel Ziagrams (Pigures §, 10, 15, 20 and 25)

at the lcoation of the weve where the computations were made. As the case of
tanh (27d/L)® Cp/ 5.12 T, > 1 is indeterminent, no values could be de-
termined; the bilank spots ln the error graphs ususlly are becauss of this
factor. large errors imn computations usually can be traced to some kind of
irregularity in wave shape, as described above under a) to e). The error
is large, nct only for the computations where the velocities of the unstable
orests were used, but also for the neighboring crosts, even when tho travel
disgram indicated & perfect crest for this wave. This condition is very
clearly demonstrated in Figure § at Crests 18-19, Figure 10 at Crests &-5,
and Figure 20 at Orerts 10 and 12. The errors usually ztarted a couple of
orests bafore the unsteble crest, increased to a maximum at the loocation of
the unstable crest and decreassd egain after that.

Thus, it is recommended that ample data be obtained to assure a
definite and unique interpretation of orest lines in wave travel diagrams
before starting the procedure of depth determination. All crasts which in-
dicute listablility in plots should be excluded from the somputations.
Purthermore, the crests precesding and following the unstable orests (even
when they seem perfect) should be exCluded.

Effect of wave steepness: There were not many data available from
this phase of the oxpsriments to show the affsct ¢f wave steepness on the
results of depth determination. Only Run 4 was evaluated for wave h .ights,
and the correésponding steepnesses were plotted for each wave in the uppsr
portion of the wavs travel diagram {Figure 20). However, additiona.l experi-
ments will be evaluated for this affect and the results will be given in a
separate report. Comparing the errors in computation and the corresponding
wvave steepnesses for Crests 5§ to 8 (Figure 20) (these crests being reasonably
well Gefined and not surrounded by unstable crasts), it can be seen that the
smaller steepnesses heve resultsd 1o & highsr percentage of srror. Thé arror
being always negative for the given case, a decrease in error indicated a
higher velocity of travel for steerer waves, &z mentioned and demonstrated
previously by Equetion (S§). Definite conclusions ocannot be stated without
the support of mora data.
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Non-uniform waves on a uniformly sloping beach

The third est of experisoents was done with non~uniform waves over a
uniformly sloping tsach with a slope of 1:40. The wave {ravel diagram is shown
in Figure 20, end the results es averaged fram the data of 2€ waves are plotted
in Pigure 31. The ocomputations were completed for seven stations according
tio Methods 2 and 3, and wero given in Tables 5 tc 15. The distribution of
error .8 given in Figures 32 to 46. In this experiment it was found that all
the siatementz made for the non-uniform waves in water of constant depth wers
also valid for the non-uniform waves on a sloping beach.

Bffect of mothods of computationy Method 2 and 3 w#ure fuund to be of
equal value, with Method < resulting in slightly smeller dspths. But this
might be of only local importance and might not be true Ior differsnt cases,

Bffect of ralative water denths It appears thet less scatter in
prediicted depths occurs for the shallower depths, as can be sesen in Figures
3% to 39, Figures 40 to 44, which are for relativelv shallow wnte~, indicate an in-
ocreasing degree of socatter again. This latter can be tracsd to the steadily.inoreas-

in§ mumbsr of breskers as the depth decrsases. Breaking waves can not be used very
well for depth delermination. '

Bffect of non-uniformity of waves: It is recommended here again to
use datn only where the wave travel diagrams indiocate well defined unique
orest lines. Comparing the results ia Tables 8 to 14 with the wave travel
diagram in Figure 30, one can see clearly that the high percentage of errors
can often be traced to unstable or breaking waves, As an example, Crests 33
and 39 yleld the highest error at Staticn 32, At Station 35 the higheat error
of +100 percent is encountered at Creast 40 which breaks at this station and
crosses wita Crest 39. Naturally a great number of large errors are dus to

the high d/L value (short wave lengths) where depth determinetion results in
unocertain values,

Bffect of wave steepness; The wave heights were not evaluated for
this run and so nothlng definite oan be stated. It seems, however, that the
depths were overestimated for the shallower portions of the water, which
indicates higher wave velocities than predicted by Equation (1). We know
that the wave steepness increases as the wave moves over a sloping beach, and
so the steadily increasing wave steepness might be the reason for higher wave
veloocities, hence, overestimatiorn of the depth. Thus, the remark on Page 4

rogarding the reduction of computed depths for steep waves seems to be war-
rented,

Vii. COSCLUSIOES

Depth determination by the wave velocity method gives satisfactory
results for relatively shallcw water in the laboratory, provided manv measure~
ments are made to rive a good average. The computations are relatively easy
to complete end do not require highly trained personnel. However, it is ne-
cessary for the cpersiions 4w U6 supsrviscd by 2 person having a good under-
standing of the mechanism of wsave mo..on; it is his task to make the choice
28 to which data to use, The remainder of the analysis can be completed
nsirg tabular computation forms by almost any intelligent person with a minimum
of training. The computations for this report were made by different perscns
without any special trairning; and it was found that there was nc aprpreciable
difference in resuits obiluined by different individuals,
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The most important part of the procedure is the proper ochoioce of

data, It is suggested the following points should Us kspt in mind ip pekiag
ths choloe,

1.

2.

Se

4.

5.

1.
2.

Se

1.

Je

4,

5.

8,

Te

The definition of the wave oreats in the wave travel disgram should be
vaique and without any shift or btreak in line.

The neighboring wave crests to unstable orests (even when perfeot in shape)
should be exoluded from the ocomputations.

Bxolude all crests at or in the immediate nelighborhood of the bresaking
point.

daves of the longest weve lengths (or periods) should be used.

As much data as possible should be amassed and the final result aobtained
by averaging all of the siugie results at a given location. The more ir-
regular the waves the more data that 1ls necessary to obtain a satisfaotory
average prediotion of depth.

nesrnine the different methods of ocomputation, 1t might bts said thats

Por more or less uniform waves, Method 2 may be used.
For highly non-uniform waves Method 3 xeems to be the most rsasonable.

Method 4, utilizing the squation d = Cz/g may ve used only where there is
sncugh proof available that d/L < 0.04.
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