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LABORATORY STUDIES OF DEPTH DETERMINATION 
BY THE WAVE VELOCITY METHOD 

by 
Osvald Sibul 

I. ABSTRACT 

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

II.  INTRODUCTION 

For military operations on enomy-held beaches, it is very important to 
know the water depths and characteristics of the coast line»  Large scale 
hydrographic surveys of beaoh areas are rare and the areas covered usually    /c\* 
are small.  Furthermore, changes in the beach form can take place quite rapidly . 
It is obvious that direct measurements of enemy-held beaches are -very difficult. 
Some measurements 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 exactly where the measurements were made. Although im- 
provements have been made recently, during World War II considerable attention 
was given to the problem of depth determination, and different methods were de- 
veloped to make indireot measurements of beaoh profiles.  This report deals with 
the wave velocity method of depth determination.  Several publications have de- 
scribed the application of this method ^X~*J.  Photographs have been taken of 
a large variety of types of beaohes and  evaluated for depths-  The results have 
been satisfactory Insofar as the beach slopes were concerned;  however, it was 
found that relatively largo errors have occurred in determining depths at in- 
dividual points*.  The difficulties in comparing the computed depths with ac- 
tually measured depths may sometimes be traced back to the fact that the surf 
conditions often prevented soundiug3 from being taken on the same day as the 
aerial sorties, and the actual profile may ha-va changed considerably between 
the time of taking the pictures and the time that the soundings 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 were considered» 

li The velocit-i«** <">f uniform waves in constant depth of water were measured 
at different distances from the wave generator in order to determine the 
wave tank characteristics. 

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

""* Wuxitsrs in parentheses refer to References at end of paper. 
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3. Non-uniform waves over a beach of a constant slope of Ii40.  This slope. . 
was chosen so as to be similar to field conditions previously analyzed.* ' 

4. Non-uniform waves over beaches with slopes of lill, li20 and lt40 .  Each 
of these beaohes was used under two conditions, a) uniformly sloping 
without an offshore bar, and b) uniformly sloping with an offshore bar. 

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

III.  THEORY 

If wnves are of small amplitude compared to their length (height less than 
1/200 of length) anr4 dept.h of water, and are of constant length and height, 
the wave velocity C, in water cf oonstant depth may be written asi 

C2 = (g L/ 2 7T)tanh ( Zn d/L) 

or, considering also the definition for periodic waves 

L = C T 

Equation (l) may be rewritten as 

C = (g T/ 2 IT )   tanh ( 2 IT d/L ) 

L - (g T2/ . 77") tanh ( 2 w d/L) or 

where 

(1) 

(2) 

(la) 

(lb) 

C  =  wave velocity in feet per seoond, 
L =  wave length in feet (the distance from crest to crest), 
T = wave period in seconds (the time interval between the appear- 

anoe of successive crests at the same point), 
d =  water depth in feet, and 
g =  acceleration of gravity in feet/second . 

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

1. thö 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 lb\ 

If the depth is very shallow as compared with the wave length, 
tanh ( 27rd/ L)  approaches the value of (27rd/L) and Equation (l) becomes 

. <rA (3) 

As we  see  in Figure  1,   the  two functions(2 TT d/L)     and    tanh ( 2 7rd/L) are 
nearly equal for        d/L      z 0.04,   or  less. 

. 



At d/L = 0.05, the difference is 1% and at d/L " 0.04 the difference is only 
Z%*    In other words, for d/L s 0.04 the wave length (and period) praotioally 
oease to influence the wave velooity and the depth may be determined by mea- 
suring only the wave velocities (Equation 3).  For T = 10 seoonds, the simpli- 
fied Equation (3) may be used for depths approximately 5 foet or less, and 
T - 15 seconds when depths are less than 12 feet. 

For water deeper than one-half the wave length (d/L > 0.5) tanh 3ITd/L 
is almost equal to 1 and Equation (l) reduoes to 

C0
2 '  (g W z^ 

Co = (g T/ 2TT) 

(4) 

(4a) 

Subscript -0 refers here to deep water conditions. In Equation (4) the wave 
velocity, length and period are not functions of the water depth, and so can 
not be used for depth determination. 

For d/^>0.025 the change in wav« velooity seems to be rather insensitive 
to the ohange of depth, as can be seen in Figure 1, so it would be reasonable to 
limit the method in the laboratory studies to the region d/L< 0.25 (or the 
corresponding d/L0 < 0»23)o  To compare the laboratory studies with prototype 
conditions,we know that in many localities, 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 enoounterad.  This means that the method may be used for depths of less 
than 19 feet, which seems to be sufficient for most landing operations. 

For T • 3 seoonds, the method seems to be rather limited to a depth of 
approximately 10 feet.  Considering also a relatively large error for higher 
d/t, values, it seems to be reasonable to 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 suoh 
high values of d/L.  For nractioal purposes d/L r 0.1 may be considered as the 
upper limit. On many oooasions it was found that for satisfactory results 
the wave period T should be longer than 12 seconds. Wave crests of waves of 
shorter periods are 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- 
factorily 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 ocoasions.  To understand and minimize this difficulty it seems to bo 
necessary to list and keep firmly in mind the assumptions and definitions that 
have led to Stokes' theory and Equation (1).  Tne assumptions are as follows» 

1. the water depth is constant, 
2. ti.s ?,7iV6 steepness is small, and 
3. the waves are periodic and of uniform permanent form. 

At first glance it appears that none of the.se conditions is fulfilled in the 
ocean.  The first assumption (that the water depth should be constant) is 
almost never fulfilled when the theory is used to determine «the depths 
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offshore from beaches, because the bottom is almost always sloping.  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 
li10.  The faot that the gradients of beaches were predicted very closely for 
flat beaches indicates also that the average wave velocities as predicted by 
the Stokes theory are not affeoted very much by sloping beaches. 

The second assumption (that the wave steepness is small) is usually 
fulfilled in the ocean. However, it is preferable to use steeper waves, since 
the definition 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 the effect of wave height. 
Stokes' third approximation takes this into account, that is, 

(5) C - (g L/2 n) tanhU *d/L){ —-g—-?7^ -g- } 

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

This formula, however, can not be used for depth determination, since ii 
is practically impossible to measure wave heights from aerial photographs taken 
under operational conditions.  Hov/ever, one can estimate the relative wave 
steepness for a given photograph, and it has been the practice (particularly 
in Great Britain) to reduce the depths computed by 10 percent if the photographs 
indioate very steep waves, or by 5 percent for flatter waves'*). 

Violation of the assumption that the waves are uniform seems to be the 
most critical. Ooean waves are always non-uniform, with the waves having 
different periods, lengths and height£<    Thus wave forms are constantly 
ohanging due to their dispersive qualities* however, the changes become much 
less rapid in the snallow water naar the beach, as this quality depends upon 
the relative depth, i.e., d/L. 

IV.  LABORATORY EQUIPMENT AND PROCEDURE 

Experiments were perfomred in a wave channel 1 foot wide, 60 feet long 
and S feet deep, located in the Fluid Mechanics Laboratory of the University 
of California, Berkeley«  One side of the channel consisted of plate-glass, 
framed in 3 ft. x 3 ft. steel frames, through which moving pictures of the 
wave motion were taken.  The wave generator, of the flapper type, was loca- 
ted at one end of the channel-  Both the amplitude and period of the flapper 
movement were adjustable.  The period of the flapper movement could be varied 
between approximately 0.4 second and 2 seconds.  At the opposite end of the 
channel from the wave generator an aluminum beach was installed.  The elope 
of the beach could bo varied from the horizontal to approximately ljlO. 

Tc measure wave velocities at a particular point, two double-wire 
elements were mounted on a single point gage, as shown in the sketch.  The 
distance between the two elements was approximately 1 foot.  The elements 
were connected to a Brush Recorder and the surface time history recorded 
simultaneously for both elementsv').  The time required for a wave crsst 
to pass from element 1 to element 2 can be read very accurately from the 
records, and knowing the exact distance between the elements one is able 
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to compute the wave velocity. A sample of 
the record is given in Pig» 3a. 

The first experiments were made to 
determine the influence of the particular 
channel upon the wave motion, and to de- 
termine the minimum distance between the 
wave-generator and' the point of measurement 
that is require^ for steady conditions. 
For this purpose constant depths and uniform 
waves were used.  The wave velocities were 
measured &t different distances from the 
wave generator (see Figure 2). 

For the remaining experiments, 
non=uniform waves were generated by moving 
the flapper manually in order to vary the 
periods and amplitudes»  To obtain a con- 

tinuous record of the waves a 35 mm Bell and Howeli "Eymo" camera was used. 
The section covered by the camera was between 7 and 9 feet in length. 

Experimentation with photography showed that clear water gave a surface 
line in the photographs which was difficult to read.  Therefore, it was decided 
to cover the glass windows in the channel with tracing oaper, stretched tightly 
against the surface of the glass. A grid was drawn on x;he paper to obtain a 
scale for She evaluation of the data. When a strong light was directed to the 
water surface a very clearly distinguished shßdow line was obtained on the 
tracing paper} hence, the shadow of the water-surface profile was actually 
photographed.  The results were satisfactory. Speoial care was taken to keep 
the tracing paper as tight as possible to the glass, otherwise the shadow image 
would not 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 arrangement 
of the set-up is shown in Figure 4. 

EVALUATION OF THE DATA 

Uniform waves 

The wave velocities for the uniform waves were obtained from the Brush 
records by measuring the time necessary for a wave crest to travel the known 
distance (approximately 1 foot) between the two resistance elements. 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 3a. 

Tn many cases it is very difficult- to detarmine the exact location of 
a wave crest. Tne maximum elevation is not necessarily always in the miaaie 
of the wave, ana in addition to that it seems to shift back and forth. The 
change in wave shape might be considerable even at suoh a short distance as 
1 foot, as demonstrated clearly in Figure ^b. At element 1 the maximum ele- 
vation was at the front of the wave, but upon reaching element 2 it had 
already shifted considerably backward.  It was obvious that the maximums in 
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Figure 3b oould not be used to determine the wave velocity and that such data 
should be disregarded.  The wave velocities were obtained for a oarefully se- 
lected series of -caves and averages were oomputed for at least ten waves. 
The measured wave velocities were compared with theoretical velocities as 
oomputed by Equation (1).  Results are shown in Figure 2 as the ratio of 
CJQ/OO against the distanoe from the wave generator, measured in wave length D/L . 
Here C^ is the measured wave velocity, Cc the theoretical velooity, D the dis- 
tance of measurement from the wave generator in feet and L the wave length. 

Non-uniform waves 

For the non-uniform waves it was necessary to obtain a continuous record 
of the wave travel, so 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 those waves were 
measured as they advanced down the ohannel.  The data obtained were plotted as 
wave travel diagrams (see Figures 5, 10, 15, 20, 25 and 30.) 

To compute the water depth, the wave velocities, periods and lengths 
were measured from wave travel diagrams.  The wave lengths and periods were the 
distanoes between the successive wave orests in distanoe and time scale, re- 
spectively.  The velocities were obtained by measuring the slopes of the time- 
distance curves.  For the case of a oonstant depth of water, it was relatively 
easy to obtain the slope of the ourvs, since the ourves could be represented 
by straight lines through the experimental points.  The lines intercepted 
sometimes only through the caps, and shifts in lines (for example, in Figure 5, 
wave No. 18j and Figure 20, waves number 10, 12 and 16) were oaused by the 
transformation of the waves and shifts in the position of wave orests.  Much 
of the difficulty was experienced in obtaining the wave velocities for a sloping 
beach.  The lines representing the travel of wave crests Tere ourved, but the 
change in curvature was very small as the wave approaohed the beach.  The ve- 
looity measurements had to be made as accurately as possible, since a 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 velooity, as can easily be seen from this 
equation.  It was found that the most reliable measurements of the ourved lines 
representing the travel of wave ores is were obtained by approaching the curve 
with a transparent ruler or triangle from the concave side until the straight 
edge established the best estimated tangent to this point;  thus the velooity 
was obtained from as large as possible right triangle formed by the tangent 
and the length and time ordinates.  The final value for the velocity was ob- 
tained as an average of at least five independent measurements at the piven 
point.  The measured values are tabulated in the first part of Tables 1, 2 
eto. 

Before starting th6 computations, it was necessary to decide whioh 
combination of C, T and L values should be used in Equation (1}  for depth 
determine.tion?  lV.«re wnr« many pcjssibilities. such as using:  (a) the 
proceeding period and length to the crest where the velocity was measured, 
(b) the following period and length and (c) some combination of the preoeeding 
and following wava periods and lengths.  To demonstrate the different pos- 
sibilities for computation and to determine which of the methods was most 
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reliable and simple to handle, it was decided to use three different metnoda 
to evaluate Equation (l) for the depth.  For comparison the simplified Equation 
(3) also was used for depth determination. Here it was necessary to measure 
only the crest velocity, and the method was introduced as Method 4.  The other 
three methods used were as follows. 

Method 1: 

'(n-iV-n 

TIME, SECONDS 

Loco j ion 
of evaluation 

The depths wore oomputed using the 
following combinations»  (a) wave period 
T(n-1)— n » wave length L/;i_i) —n , 
wave velocity C/n_]\  of the proceeding 
crest;  (b) wave period T(n_]_} _»n  and 
wave length L/n_j\ __n as under (a), but 
the velocity of the following crest 6 n . 
Thus, two computations were jsa.do  for each 
wave, as shown in Table 1,  3 , etc., 
labeled Method 1. ^e  final depth was 
obtained by averaging all the single re- 
sults. 

Method 2i  Kör each crest velocity CQ an average wave period Tn  and Ln 
were computed as follows« 

,„ . vi)-° ;*"-(-+!)    (T) 

L„ = L(°-H—i + ^ -(- -n'  (e) 

The values Cn >     Tn  .and    Ln    were used in 
Equation (l);    the odisputations were com- 
pleted in  Tables 2,   4 etc.  under Method 2. 

Method 3i 

Method 2 is satisfactory for more or 
less uniform wave trains. To consider also 
the location of crest n as compared with 
( n-1) and (n-4-1) (non-uniformity of waves) 
Method 3 was introduced.  In this method a 
balanoed wave period Tn  and length LQv 

(linearly interpolated values and effective 
at the location where the velocity Cn was 

measured) was computed as follows: 

,      - 2 T(n-lWn* ?n-(n-tl) 
*b *    T,n_-n-n    +   Tn__(n + 1) 

-    2L(n-l)-n      xLn — (n-H) 
T-rrR- l»(n-l)-*a   +   La K" 

•1 \ 
1J 

(9) 

(10) 

n> Tn^j    and    Ln^    were used in Equation (1).     The  computations The values C 
were completed in Tables 2, 4 etc., under Method 3. 

Method 4t 

The only meai3urement necessary he /a was wave velocity, and the depth was 
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oom^uted in Tables 2, 4 etc., under Method 4, using the simplified Equation ('3^t 

«. • T 
The computation procedure was the same for Methods 1 to 5 inclusive. 

Rewriting Equation (la) we have 

tanh (2 7rd/D= CQ/ 5.1Ü T = Cn / C0 (JI) 

C n and T were measured, so the value for tanh(2rRd/L) could be computed at 
once, and referring this value to existing tables^ ' the value for d/L was 
obtained.   With L known, the depth was easily computed. 

As an example, a wavo given in Table 2 under Crest 3 will be considered. 
Under Method 2 it was found that the average period Tnx 0.98 second,  average 
length Ln = 5.45 feet, and the velocity Ca • 4.43 feet/second.  Therefore 

CQ/ 5.12 Ta = tanh(2 77-d/L)wns found to be  5.12 4jö.96  "  0,9°3 

Referring; this value to Wiegel's tables^8) page 45, we obtained d/L • 0.237; 
knowing Ln we have dc » 0.237 x 5.45 • 1.29 feet. Knowing also the actual 
depth of water, d^ « 2.00 feet, the absolute error and the percentage of error 
are computed as shown in Table 2.  The negative sign irdicates that the depth 
was underestimatedj  the positive sign designates 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 LQ » Cn Tn (CQ    and TQ were measured in 
wave travel diagrams) and the measured wave lengths LQ also were compared 
in Table 1 etc. under general data, but no attempt was made to use them for the 
depth determination. 

At first it seemed reasonable to use only that part of the data where 
the values of L 0 and LQ were approximately the same, but later it was dis- 
covered that there was no definite relationship between the error in measured 
wave length, Ln, as compared with the computed value, L0; hence it was decided 
to use only the measured wave lengths, Ln, for tho computations« 

IV. RESULTS AMD DISCDSSIOH 

Uniform waves 

Tho 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 whioh shows a comparatively wide scatter of the data a lose to 
the wave generator.  In this region the measured wave velocities, Cm, seem to 
be higher than the theoretical velocities, indicating that the waves need a 
certain time to beoorae stabilized after they are generated by the flapper* 
At a distanoe of approximately three wave lengths from the generator, the wave 
velocity seemed to develop a constant value, with measured values approximately 
5 percent less than the theoretical.  There were not enough data available to 
maks this statement more conclusive %    however, considering other observations, 
it seemed reasonable to maintain the points of measurement as far as possible 
from the generator. 
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Son-uniform w*ves in water of constant dapth 

In the wave theory used, an assumption of a finite and constant depth of 
rmter is made and then extended to shoaling water by assuming the waves to have 
the same oharaeteristios in water of any depth a3 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 constant depth*  Tho experiments were made in 
five different depths of waten 2 feet;  1.5 feet; 1 foot; 0.633 foot and 0.253 
foot with corresponding average d/Loav. 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 26, and 
the computations completed in Tables 1 to 8. 

• 

Effect of methods of computations 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 each crest; also, 
there seemed to be considerably more scatter in the results than in other 
methods (see Figures 6, 
not recommended. 

11, 16, 21, and 26).  Because of this, the method is 

f 

Methods 2 and 3 seemed to be of equal value and the computations in- 
dicated the least scatter in results, as oan be seen in Figures 7, 8, 12, 13, 
17, 18, 22, 23, 27 and 28.  Method 2, which was slightly simpler to handle, 
is recommended for the case where the wave travel diagrams indicate a more or 
less uniform train of waves. Method 3 should be used in oase of highly non- 
uniform wave8. 

Method 4. as mentioned before, should be used only for the oase whers 
the d/^j value is less than 0.04.  To demonstrate this, all the computations 
were oompleted for the fourth method also, and the results oan be compared 
with other methods in Figures 9, 14, 19, 24 and 29.  The results present little 
scatter, but the depths are considerably underestimated.  The greater the • 
relative depth of water, the larger the error. At d/^,0av • 0.41 (Figure 9) 
the average error is - 63 percent; at d/L0   » 0.10 (Figure 24) the error 
is - 34 peroentj and at d/L0aT a 0.067 the error has been reduced to - 14 
peroent.  There are no experimental results available  or smaller &/L0    values, 
but all the available data'9' indicate a very good agreement for small d/L0 
values.  Consequently, thi3 method is recommended 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. 

Bffeot of relative water depth d/L:   The lower the value of d/L, the 
less soatter in results, as can be seen in the error distribution plots.  This 
is to be expected beoause the shallower the water, the more depth affects the 
wave velocity, and hence, the less the importance of phase shift and period 
of the non uniform waves.  On the other hand, for the higher d/L values, the 
velocity is rather insensitive to the depth, and the curve tanh(2TTd/L)develops 
a flatter and flatter shape (see Figure 1), so that it is very difficult to 
select the proper value for d/L for experimental values of tanh(2 IT d/L) = 

Cß /5.12 Tu«   'lh";8 results in au uncertain determination of depth*  Thus, it- 
is recommended that those data be used which have the longest possible wave 
lengthe. 

-• 

• . ;>jK^M»anr: \r*r z*trjm  -v-^v ./--»iai.uj.wtw r* H . ,; 
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Bffeet of non-uniformity of the wave»» in addition to the variation 
of lengths and periods, there are the phenomena ofs 

a) the disappearance and reappearanoe of wave orests (see Figure 5, Crests 
18-19; Figure 50, Crest 50} «to.): 

b) the instability of the wave orests, so that it is not possible to de- 
soribe the travel of the crest by a single, well-defined ourve (Figure 20, 
Crest 10); 

o) the shift in the crest (Figure 20, Crests 12, 16 eto.); 

d) the orossing of different wave orests (Figure 30, Cresxs 21 and 22)j and 

e) the breaking of waves» 

All the above-named irregularities in wave shape and appearanoe seem to affeot 
considerably the wave characteristics as desoribed by Equation (l).  To 
demonstrate this fact, the error in depth determination was plotted in the 
upper portion of the wave travel diagrams (Figures 6, 10, IS, 20 and 25) 
at the location of the wave where the computations were made. As the case of 
tanh {Zirä/l.)*    CQ/ 5» 12 Tn > 1 is indeterminent, no values oould be de- 
termined;  the blank spots in the error graphs usually are because of this 
factor* Large errors in computations usually can be traoed to some kind of 
irregularity in wave shape, as desoribed above under a) to e).  The error 
is large, not only for the computations where the velocities of the unstable 
orests were used, but also for the neighboring orests, even when the travel 
diagram indioated a perfect crest for this wave.  This oondition is very 
clearly demonstrated in Figure 5 at Crests 18-19, Figure 10 at crests 6-3, 
and Figure 20 at Orerts 10 and 12»  The errors usually started a couple of 
orests before the unstable orest, increased to a wia-Hm«» at the looation of 
the unstable orest and decreased again 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 prooedure of depth determination. All orests which in- 
dicate Instability in plots should be excluded from the computations. 
Furthermore, the crests preoeeding and following the unstable orests (even 
when they seem perfect) should be excluded. 

Bffeot of wave steepness»   There were not many data available from 
this phase of the oxpirimenxs to show the affect cf wave steepness on the 
results of depth determination.  Only Run 4 was evaluated for wave h ights, 
and the corresponding steepnesses were plotted for eaoh wave in the upper 
portion of the wave travel diagram (Figure 20). However, additional 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 
wave steepnesses for Crests 5 to 8 (Figare 20) (these orests being reasonably 
well defined and not surrounded by unstable crests), it oan be seen that the 
smaller steepnesses have resulted in a higher percentage of «rror* 7h*  irror 
being always negative for the given oase, a decrease in error indioated a 
higher velocity of travel for steeper waves, as mentioned and demonstrated 
previously by Eque.tion (5). Definite conclusions oannot be stated without 
the support of more data. 

• 
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Kou-unlform waves on a uniformly eloping beaoh 

The third »«it of experiments wa3 done with non-uniform waves over a 
uniformly sloping baach with a slope of 1*40.  The wave travel diagram is shown 
in Figure JO, and the results as averaged from the data of 26 waves are plotted 
in Figure 31.  The computations were completed for seven stations according 
to Methods 2 and 3, and were given in Tables 8 to 15.  The distribution of 
error is given in Figures 32 to 45.  In this experiment it was found that all 
the statements made for the non-uniform waves in water of constant depth wer? 
also valid for the non-uniform waves on a sloping beach. 

Bffeot of methods of computation» Method 2 and 3 «rjre fcrund to be of 
equal va\ue, with Method 2 resulting in slightly smaller depths.  But this 
might be of only local importance and might not be true for different oases* 

gffect of relative water depth«  It appears that less scatter in 
predicted depths occurs for the shallower depths, as can be seen in Figures 
32 to 39.  Figures 40 to 44, which are for relatively shallow w»**•»•, indicate an in- 
creasing degree of scatter again.  This latter can be traced to the steadily.increas- 
ing number of breakers as the depth decreases.  Breaking waves can not be used very 
well for depth determination» 

Kffwot of non-upiformity of wave3t It is recommended here again to 
use data only where the wave "travel diagrams indicate well defined unique 
crest 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 59 yield the highest error at Station 32. At Station 55 the highest error 
of +100 percent is encountered at Crest 40 which breaks at this station and 
crosses with Crest 59.  Naturally a great number of large errors are due to 
the high &/L value (short wave lengths) where depth determination results in 
uncertain values. 

Bffeot of wave steepness *   The wave heights wore not evaluated for 
this run and so nothing definite can 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 
velocities, hence, overestimation of the depth.  Thus, the remark on Pa^e 4 
regarding the reduotion of computed depth« for steep waves seems to be war- 
ranted. 

VII. CÜÜCLÜ5I0KB 

Depth determination by the wave velocity method gives satisfactory 
results for relatively shallow water in the laboratory» provided many measure- 
ments are made to rive a good average.  The computations are relatively easy 
to complete and do not require highly trained personnel. However, it is ne- 
cessary for the operation* to be supervised by a person h»vi^g; a good under- 
standing of the mechanism of wave mo-.ion;  it is his task to make the choice 
as to which data to use.  The remainder of the analysis can be completed 
using tabular computation forms by almost any intelligent person with a mln1mum 
of training.  The computations for this report were made by different persons 
without any special training; and it was found that there was no appreciable 
difference in results obtained by different individuals. 

•...i: * ..,• •• '  '  .'.    - 
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The moot important part of the procedure is the proper ohoioe of 
data.  It is suggested the following points should \,s  kspt in siaä In msiing 
the ohoioei 

1* The definition of the wave orests in th* wave travel diagra» should be 
unique and without any shift or break in line. 

2.  lhe neighboring ways orests to unstable orests (even when perfect in shape) 
should be ezeluded from the oamputation». 

S. Xxolude all orests at or In the immediate neighborhood of the breaking 
point. 

4. laves of the longest wave lengths (or periods) should be used. 

5. as much date as possible should be amassed and the final result obtained 
by averaging ail of the single results at a given looation.  The more ir- 
regular the waves the more data that is necessary to obtain a satisfactory 
average prediction of depth* 

Concerning the different methods of computation, it might be said that* 

1. Tor  more or less uniform waves,, Method 2 may be used. 

2. For highly non-uniform waves Method S seems to be the most reasonable. 

5. Method 4, utilising the equation d - C2/g may b» used only where there is 
enough proof available that d/L < 0.04. 
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