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roREWORD 

This report presents the results of a study of movement of 
shore material made in connection with a beach fill operation near 
Anahe im Bay, California. The study wa s made under the part of the 
Board's resear ch program concerning the relation of littoral drift 
to wave energy. 

The report was prepared by Joseph M. Caldwell, Chief of the 
Research Division , Beach Erosion Board. In preparing this report, 
the author drew heavi ly on data assembled in an earlier unpublished 
report dated July 28, 1952 by W. J. Herron, Jr. The earlier, un
published report considers the sand movement over the 10 miles of 
shore between the Anaheim Bay jett ies and Santa Ana River; the 
present report conside rs only movement in the first two miles of 
shore south of the Anaheim Bay jetties. At the time of preparation 
of the 1952 report, Mr. Herron was Chief of the General Engineering 
Branch of the Engineering Division of the Beach Erosion Board. He 
is now with the Los Angeles Distric t, Corps of Engineers. 

The field work which serves as the basis of this report was 
done by the Field Research Group of the Beach Erosion Board. 
initially under the direct ion of Mr . Herroa, and subsequently 
under the direction of J. R. Gar dner and R. L. Harris. The hind
casts of wave condi tions during the study period wer e made by 
T. Savil le, Jr. of the Research Division of the Board. The refraction 
diagrams were constructed by F. Lewis, then of the Research Division 
of the Board, but now with the U. S. Navy. 

At the t ime the present report was completed, the technical 
staff of the Board was under the supervision of Brigadier General 
Theron D. Weaver , Pre sident of the Board. R. O. Ea ton was Chief 
Technical Advisor. The report was edited for publication by 
A. C. Rayner, Chief, Project Development Division. Views and Con
clu s ions stated ther e in are not necessarily those of the Beach 
Ero sion Board. 

Acknowledgement is made of the coope ration rende red to the 
Field ResearCh Gr oup during the course of the study by officials 
of the City of Hunt ington Beach, California; by Photographic 
Squadr on One , VPP-1, U. S. Navy; and by the Los Angeles District, 
Corps of Engineer s, U. S. Army. 

Thi s repor t is published under authority of Public Law 166, 
79th Congr ess, approved July 31, 1945 . 
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WAVE AcrION AND SAND MOVEMENT NEAR 
ANAHEIM BAY, CALIFORNIA 

by 
J oseph M~ Caldwell 

Chie f , Resear ch Division 
Beach Erosion Board 

INTRODUCTION 

The purpose of this study was to determine the degree to which mass 
a10n~shore sand movement on the beach and of fShore bottom could be 
correlated with the characteristics of the ocean waves impinging on the 
beach. In order to measure accurately the volume of this sand movement, 
it was necessary to select a site adjacent to a l ittoral barrier. ASsum
ing that the area measured extends seaward to a depth sufficient to in
clude all of the bed where significant material transport occur s, surveys 
of such a site would be expecte"d to provide reliable evidence of the 
volume and direction of littoral transport be tween suc ce ssive measurements. 

The opportunity to accomplish the desired study was recognized when 
a sand fill was placed on the beach as a shore protection measure at 
Surfside, California, immedia tely south of the Anaheim Bay jetties. These 
jetties were completed in 1944 and serve as an effective barrier to 
littoral sand transport along the shore out to a depth of about 20 feet. 
The construction of the jetties was followed by severe ero sion of the 
beach immediately to the south of the south jetty; the eroded sand was 
apparently transported sout herly by the dominant wave action. Erosion 
had progressed to such degree that extensive property damage was imminent 
and late in 1947 a beach f~ll was placed to restore the shore. The 
fact that absence of structures on the beach for 5 miles or more to the 
south of Surfside permitted a free movement of the sand away from Surfside 
under the impulsion of wave action was favorable to the purpose of 
correlating sand movement with wave character i stics. 

The transport of the beach fill out of the area by wave action was 
measured by a series of survey s covering the period fr om March 1948 to 
August 1949. In order to obtain supplementary data on shore changes, 
most of the surveys were extended to cover the shore as far as the mouth 
of Santa Ana River, some 10 miles to the south. The result s of these 
extended surveys are not included in this report because they do not lend 
themselves to the basic objectives of this s tudy. 

In addition to the hydrographic surveys, other phy sical data were 
obtained, including wave records from gages installed on Huntingt on Beach 
Pier, some 6 miles south of Anaheim Bay. The daily synopt ic weather 
charts also were utilized to compute wave action to be expected in the 
Surfside area. The wave data thus obtained were converted into alongshore 



components of wave energy. The relation between the alongshore wave 
energy and the concurrent rate of movement of the sand fill was then 
studied. The results of the study are presented in this report. 

DESCRIPTION CF AREA 

The locality studied is located on the Southern California coast 
about 15 miles southeast of Los Angeles-Long Beach Harbor. $igure 1). 
The area unde~ obs ervation extends about 11 miles generally in a north
west-southeast direction and is limited on the north by the Anaheim 
Bay j et t ies and on the south by Santa Ana River. This ll~ile stretch 
of shore is a sand barrier backed by tidal lagoons and salt marsh, 
except at Huntington Beach where a plateau 20 to 40 f eet high terminates 
at the shore in almost vertical bluffs fronted by a narrow beach. The 
beach slope is relatively flat in the vicinity of Santa Ana River, be
coming progressively steeper northward toward the Anaheim Bay jet ties. 
The area subJeored to int ensive study and analysis extends from the 
Anaheim Bay jetties southerly about 11,000 feet; this r each wi l l be re
ferred to as the study area. 

Offshore between Point Fermin and Newport Beach a submarine plateau 
slopes gently from the shore to a depth of 30 fathoms. The location of 
the 30-fathom contour ranges from about 4,000 feet offShore at Newport 
to about 11 miles offshore at Long Beach. Beyond the 30-fathom contour, 
the bottom slopes off steeply to depths of over 200 fathoms. 

The shore under observation is partially exposed to wave action from 
the open ocean, being sheltered to some extent by offshore islands. The 
littoral forces resulting from the wav e action produce a dominant littoral 
drift from north to south. Historically, most of the sand reaching the 
study area is believed to have come from the Los Angeles and San Gabriel 
Rivers to the north. These rivers originally carried large volumes of 
beach material to t he shore during flood periods. The sand reaching the 
river mouths was then transported southward by littoral forces. The 
construction of the LOs Angeles-Long Beach outer harbor breakwaters, 
Rainbow Pier at Long Beach and the jetties at Alamitos Bay and Anaheim 
Bay, greatly altered and reduced the littoral movement. In addition, 
the construction of several flood control dams inland on the Los Angeles 
and San Gabriel Rivers reduced the supply of detritus from these rivers. 
By 1944 the rivers could no longer be considered an important source of 
supply of material to the beaches. 

Construction of the Anaheim Bay jetties in 1944 completely interrupted 
the previously reduced littoral drift, and was followed by serious 
erosi on to the beaches in the study area. The recession of the shore 
line became so serious during the following year, that the Department 
of the Navy constructed a riprap revetment southward some 900 feet from 
the south jetty to the north limit of the community of Surfside to 
prevent wave action from flanking the south jetty. By the fall of 1947, 
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1,500 feet of beach south from the Anaheim Bay jetties had been seriously 
eroded and the shore property at Surfsicte threatened with destruction. 
As an emergency measure, a Federal appropriation was made available to the 
Los Angeles District of the Corps of Engineers. With these funds about 
1,200,000 cubic yards of sand ana clay were dredged from the area between 
the Anaheim Bay jetties and deposited in the eroded area from October 
1947 to January 1948 (see Figure 2). This material was expected to pro
vide protection to the shore for a period of 3 to 5 years. 

There are no shore protection structures within the study area or 
for several miles to the south of the Anaheim Bay jetties (see Figure 3). 
Those jetties are converging rubble-mound structures about 3,500 feet 
long which effectively block the littoral drift formerly supplied to the 
study area from the north. Although the Huntington Beach pier, some 
7.5 miles to the south, is an open pile structure, it appears to affect 
the littoral drift somewhat, since there ~s a discernible accretion on 
both sides at its landward end. Some 10 miles to the south, two short 
rubble-mound jetties extend out to about the mean low water line to con
fine the mouth of Santa Ana River; these jetties are too short to be 
effective sand traps and apparently offer little or no obstacle to 
littoral sand movement. 

ENGINEERING DATA 

Surveys. Data on changes in beach and bottom elevations were ob
tained by seven surveys. The first survey was made in March 1948, 
2 months after the fill was completed, and the last in August 1949. 
Detailed hydrographic and topographic surveys were made over selected 
ranges (see Figure 3) extending from an inshore baseline seaward to a 
depth of 30 feet below mean lower low water. Although surveys required 
more than one day each, the average dates used for computing the elapsed 
intervals are as follows: 

March 29, 1948 
June 1, 1948 
August 6, 1948 
November 9, 1948 

January 
April 
August 

25, 1948 
8, 1949 

19, 1949 

\ I 

Survey ranges were established approximately perpendicular to the shore 
line and at 500-foot intervals from the Anaheim Bay jetties southward 
for the 11,000-foot study area. 

Surveys were made by the field survey group of the Beach Erosion 
Board. The group used amphibious truck s (DUKlv s) equipped with recording 
echo sounders. Communication wtl~in the party was by two-way radio 
during actual survey operations .* 
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Wave Data. Wave heights and periods wer e obtained during the course 
of the study with a step-resistance wave gage (Z ) and a float type wave 
gage, both installed on the seaward end of the Huntington Beach Pier, 
about 6 miles south of Anaheim Bay. The depth of the water at the gaging 
site was 20 feet below mean lower low water. The first gage utilizes an 
electrical resistance path which is shorted lncreaentally as the water 
rises against the gage. The gage was controlled through a . program clock 
which turned the gage on for about 8 minutes at 4-hour intervals. The 
recorder pen was the only moving component of the gage circuit. Both 
wave height and wave period could be determined from the record. 

The float gage was installed by the Los Angeles District in con
nection with other work, however the observations were made available to 
the Beach Erosion Board. The float drove a recording pen through a set 
of gears and pulleys. This gage operated continuously, however the record 
could be utilized to obtain only the wave height and not the wave period. 

Using the meteorological data given on the synoptic weather charts 
of the area, wave forecasting techniques ( 3) were ut i lized t o "hindcaat" 
the significant height, the Significant period, and the direction of 
approach of the wave trains which could be expected to reach the study 
area. The synoptic weather charts enabled this to be done for wind waves 
generated in the northwestern Pacific nor th of latitude 200 N. Due to 
a lack of sufficient meteorolog ical data, it was not possible to make 
hindcasts of wav es generat ed south of t hat latitude. 

Sand Samples . Information pertaining to the characteristics of the 
sand in t he study area was obtained by collecting and analyzing beach 
and bott om samples. About half of the s amples were taken near the 
beginning and half nea~ the end of the study period. Sampl es totalled 111 
fr om the surface of the beach between t he survey base line and the mean 
lower low water line and 23 fr om the offshore bottom as far seaward as 
the 50-foot depth contour. 

Aer ial PhotOgraphy. Aer ial surveys were made of the study area shore 
line on the following dat eS: 

1948 - April 13, October 30 and November 23 
1949 - January 31, March 8 and Apri l 4. 

ANALYSI S (II DATA 

Surveys . Plots of profiles at r anges 3,6 ,7,8,9, 10 are given on 
Figur e 4 for the s even surveys of the area. A study of the data on t hose 
plates indicates t hat there was little change in the contours seaward of 
the contour 15 feet below mean l ower low water contour . This observation 
and t he fact that the Anaheim Bay jett ies extend approximately to the 
20-foot contour, indicate that the area shoreward of the 20-f oot contour 
could be reasonably considered as t he zone of dominant act i on. Accordingly 
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that zone was taken as the area of significant movement of shore materials 
in the study area. The comparative prof ile s as on Figure 4 were then 
used to compute the volumetric changes along the shore of the study ar ea 
by comparing the several hydrographic surveys. The changes were computed 
between adjacent ranges from the baseline out to the 20-foot contour for 
the 11,000 feet of the study area (range 0 through range 10). Computat i ons 
were made comparing each survey with the succeeding survey. Thus six 
volumetric changes were established from the seven surveys. The magnitudes 
of these changes are shown in Table 1. 

From the quantities given in Table 1, Table 2 wa s prepared showing 
the volumetric change between the March 1948 survey and each of the six 
succeeding surveys. A study of Tables 1 and 2 shows that the shore line 
from range 2 at the root of the east jetty southward for a distance of 
3,000 feet to range 6A evidenced almost cont inuou s erosion. For the next 
2,000 feet (from range 6A to range 7A) accretion predominated, presumably 
by southward movement of the material from between ranges 2 and 6A. South 
of range 7A, alternate periods of erosion and accretion were in evidence 
at least as far as range 10, the limit of the plot. 

A consideration of the data shown in Tabl es 1 and 2 shows that the 
rate of alongshore sand movement varies from sector to sector. This 
difference is possibly due jointly to the effect of the south jetty on 
wave action and to the unnatural alignment of the be ach created by the 
placement of about 1,200,000 cubic yards of fill late in 1947. Under 
these considerations, it would appear that the movement past range 10 
would reflect the more normal movement associated with the incident wave 
action. The use of the entire sector from range 2 to range 10 for computing 
sand movement has the added advantage of averaging the action Over a much 
longer stretch of shore (10,000 feet) than the intermediate ranges between 
2 and 10; this would tend to minimize the effect of purely local irregularitie s 
in wave action and beach alignment. 

Wave Records. Anal yses of the six daily wave records from the step
resistance gage on the Huntington Beach pier were made using the concept 
of significant height and significant period. This concept, in effect, 
considers the higher 1/3 of t he wave in the wave tra in as the basis of 
the analysis. The significant height and significant period of the wave 
trains as so determined were then converted to express the wave ene rgy 
reaching the study area for the 4-hour interval represented. The relatively 
short distance (about 6 miles) between Anaheim Bay and t he pier at 
Huntington Beach and the uniform offshore cond i tions at the two locations, 
make it reasonable to assume that wave condition s would be essentially 
the same at the two loca tions. When the wave re cord was missing or the 
gage was not functioning properly, the wave height and period were derived 
by hindcasting procedures. The float gage records were used for checking 
purposes. 

Wave Direction. It is to be noted that the analysis described in the 
preceding paragraph did not include the item of wave direction. This 
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:rABLE 2 
SUMMARY OF VOLUME'mIC mANGES 
(+ • accretionj - ~ erosion) 

Volumetric Changes in Cubic Yards 

Survey 
Ranges 2 to 6A Ranges 2 to 7A Ranges 2 to 10 

Interval 'Method of Presentation ~ 3.000 ft.) '(S.OOO ft.) (10,000 h.) 
(cu. yds.) Gcu. yds.) <cu. yds.) 

March 29 to Change between surveys 
(1) 

-33,700 ';14,400 .. 76,100 
June l, '48 Ave. change per dt~) S18 + 211 - 1,170 

(6S days) Cumu1at~ve changf3) -33,700 +14,400 -76,100 
Change 1n sector -33,700 (4) +48,100 (S) -90,SOO ( 6) 

June 1 to Change between surveys 
(1) 

-13,300 +38,600 +140,SOO 
Aug. 6, , 48 Ave. change per dt~) 202 + 58S + 2,130 

(66days) Cumulative changf3) -47,000 +53,000 + 64,400 
Change in sector -47,000 (4) +100,000 (S) + 11,400 ( 6) 

Aug. 6 to Change between surveys 
(1) 

0 +19,400 -28,800 
Nov. 9, • 48 Ave. change per ~2) 0 + 20S 303 

(9S days) Cumulative changf3) -47,000 +72,400 +35,600 
Change in sector -47,000 (4) +119,400 (S) -36,800 ( 6) 

Nov. 9, • 48 Change between surveys 
(1) 

,-12S ,300 -103,000 -47,SOO 
to Jan 2S, Ave. change per dt~) 1,630 1,340 618 

• 49 Cumulative changf3) -172,300 - 30,600 -11,900 
(77 days) Change in sector -172,300 (4) +141,700 (S) +18,700 ( 6) 

Jan2S~'49 Change between surveys 
(1) 

-133,100 -160,100 -123,200 
to Apr. 8, Ave. change per ctt~) 1,820 2, 200 1,680 
'49 Cumulative chang~3) -305,400 -190,700 -135,100 

(73 days) . Change , in sec t or -30S,400 (4) +114,700 (S) + 5S,600 ( 6) 

Apr. 8, to Change between survey s 
(1) 

- 39,700 - 48,900 -104,400 
Aug. 19, '49 Ave. change per ctt~) 323 398 84S 

(123 days) Cumulative chang~3) -345,100 -239,600 -239,500 
Change in sector -34S,100 ( 4) +10S,SOO (S) + 100 (6) 

(1) Volumetric change between range 2 and stated range between indicated surveys. 
(2) Cumulative change between r ange 2 and stated range from 29 Mar. 1948 to indicated terminal survey. 
(3) Cumulative change in Sector s indicated in footnotes (4), (S), and (6). 
(4) Cumulative Changes in Sector 2 - 6A 
(S) Cumul at ive changes i n Sector 6A - 7A 
( 6) Cumulative changes in Sector 7A - 10 



item is necessary for computation of the direction and magnitude of 
the alongshore component of the wave energy. In order to arrive at the 
wave direction associated with each of the wave observations, reliance 
was placed on a combinatt~' of wave hindcasting and wave refraction 
analysis. The hindcasts were made from synoptic weather charts of 
the northwestern Pacific and served to predict the wave direction in 
deep water off the channel islands. Waf~)refraction diagrams, constructed 
in accordance with established practice ,were then utilized to 
determine the wave direction, in 12 feet of water off Surfside, ~f the 
deep water waves hindcast in the manner described above. These predicted 
directions were combined with the wave height and period record obtained 
at the Huntington Beach pier in order to give the complete wave train 
characteristics. As mentioned in the preceding paragraph, the wave hind
casts were extended to include significant wave height and period when
ever it was necessary to fill in an incomplete record from the wave 
gage at Huntington Beach. 

A tabulation of the wave hindcast data covering the period March 30, 
1948 to March 29, 1949, made to show frequencies of waves for various 
directions and periods, is given in Table 3. The predominant deep water 
wave directions and periods were then analyzed by means of the wave 
refraction diagrams discussed in the preceding paragraph. This analysis 
showed that the waves from the south reached the 12-foot depth in the 
study area at an angle between 16 and 23 degrees to the beach (an average 
of 21 degrees) in a direction tending to produce northerly littoral drift. 
This analysis also showed that the waves from the west and northwest 
reached the l2-foot depth at an angle between 4 to 15 degrees to the beach. 
(an average of 9 degrees) in a direction tending to produce southerly 
littoral drift. 

Wave Energy. In shallow sea water, for the wave conditions encountered 
at Surfside, the total energy (kinetit5~lus potential) in each wave can 
be expressed with reasonable accuracy by: 

Since 

then 

E 
s = 

WL h2 
s s 

8 

L = 5.12 T2 tanh 2nd /L 
s s s 

E = 41 T2 h 2 tanh 2n d /L 
s s s s 

where E = total energy in the wave, ft.-lbs. 
s 

W = density of water (64 Ibs. per cu. ft. for sea water) 

T 

d 
s 

L 
s 

h 
s 

= wave period in seconds 

= depth of water at point of observation, in feet 

= wave length, in feet, at depth d 
s 

= wave height, in feet, at depth d 
s 

12 

(la) 

(lb) 



TABLE 3 

WAVE CLIMATE NEAR ANAHEIM BAY. CALIffiRNIA 

Deep Water 
Direction Wave Per iod ( Seconds) 
from North 
in De~ree~ ~ 41. 2 - 71 72 - lOi lOi - 13, 131 - 16! l6! - 19~ Total 

Per cent Occurrence* 
6 6 

160-180 0 1 1 0 0 2 

230-250 0 0 0 0 0 0 

250-260 0 0 3 0 0 3 

260-270 0 2 2 1 1 6 

270-280 0 3 7 6 7 23 

280-290 0 3 Ie 12 6 31 

290-300 0 0 7 9 0 16 

300-310 0 0 7 5 0 12 

310-320 0 0 0 1 0 1 

Total 6 0 9 37 34 14 100% 

* Developed by hindcasts of waves originating north of lat itude 20
0 

north fo r 
period Mar ch 30, 1948 to March 29, 1949. 
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TABLE 4 

roMPARlSON OF WAVE DATA NEAR ANAHEIM BAY, CALIFORNIA, 

OBTAINED BY VARIOUS METHODS 

October 30,' 48 

Photo Data 

Wave Gage 
Hindcast 

November 23,' 48 

Photo Data 
Hindcast 

January 31,' 49 

Photo Data 
Wave Gage 
Hindcast 

Deep Water Waves 

Direction 
(degrees) 

16511 

Period 
( seconds) 

13.511 

Height 
(feet) 

(Southern Swell 

290 ±10 

28611 
290 ±10 

27311 

280 ±10 

288# 

14.6 2.7 

14.511 
16.0 2.0 

12.5-13.511 

17.2 3.1 

17.0-18.011 

March 8. '49 

Photo Data 
Wave Gage 
Hindcast 280 ±10 17.0 ±1 3.0-3.5 

April 4 , '49 

Photo Data 

Wave Gage 
Hindcast 

275# 11.5-12 .5# 
17211 1511 
(Southern Swell) 

280 ±lD 17.2 3.1 

II Developed from reverse orthogona1s 
* Developed through refraction diagrams 
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Shallow Water Waves (20 - foot 
depth near Huntington Beach Pier) 

Direction 
(degrees) 

180 

225* 

223~ 
220* 

223-235 

220* 

219-232 

220* 

227-223 
189 

220* 

Period 
( seconds) 

13.5 

13.7 
14.6 

14.5 
16.0 

12.5-13.5 
14.5 
17.2 

17-18 
15.5 
17.0 

11.5-12.5 
15 

13.0 
17.2 

Height 
(feet) 

3.6 
1.4* 

1.0* 

0.5 
1.5* 

2.0 
1.5-1.8* 

1.1 
1.5* 



Of this total energy, a major fraction is transmitted forward as indicated 
by a factor, n: 

where 

= E n 
s 

n = ~ 

4rr 

1 + 

d 
s 

L 
s 

sinh 4rr 
d 

s 
L 

s 

( 2) 

(3) 

The average power transmitted forward by the wave train then becomes: 

E n 
s 
T 

with P
f 

given in foot-pounds per second. 

(4 ) 

The total ene~gy, E
tf

, in foot-pounds, transmitted forward over the 
time interval, t, 1n seconds becomes: 

= 41 T h 2 n (tanh 2rr d IL ) t 
s s s 

(5) 

By the application of formula 5 to the wave conditions observed at 
Huntington Beach pier, it was possible to compute the wave energy trans
mitted shoreward for each 4-hour interval. 

Before apply ing the above funnula on wave ener gy to the study ar ea, a 
check was made to de t e nnine the degree ()f agreement between the Huntington 
Beach wave gage data, the wave hindcast data, and wave da ta which could 
be taken from the available aerial photographic coverage of the area made 
dur ing the time of the fie ld study. A summary 0 f the compar i son of the 
three types of data is given in Table 4. The agreement was found to be 
suffiCiently good to justify the use of the hindcast data in the study. 
As previously stated, the hindcast data, although intended for use 
primarily in defining wave direction, were also used in filling in 
intervals of incomplete wave gage records. 

Alongshore Ener gy Component. The wave refraction study showed that 
most of the incident waves approached the shore at an angle to the beach. 
The alongshore component of wave energy, i.e. the portion of energy tend
ing to produce alongshore littoral sand movement, is a function of the 
incident wave energy and the angle at which the waves approach the beach. 
An equation proposed by the Los Angeles District for this alongshore energy 
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component is: 

E = E sin 0 cos 0 
ta tf 

( 6) 

where: Eta = total alongshore energy in foot-pounds. 

Etf = total incident wave energy in foot-pounds (equation 11) • 

~ = angle of wave crest with beach at point of analysis. 

In applying the sin 0 cos 0 function to the incident energy, it was 
consider ed to be suf fici ent ly accurate to use the average angles of 21 
de gr ees for the southerly waves and 9 degrees for the west and northwest 
waves. Table 5 presents a cumulative summary of the computed incident 
wave energy reach ing the study area over the selected survey interval s, 
together with the alongshore components of this energy. Equations 5 and 
6 wer e used in making the individual calculations from which the summary 
was prepared. From this summary it can be seen that for four of the 
survey intervals, the net alongshore wave energy was from the north,tend
ing to p r oduce sand movement southward from the Surfside area. For the 
other two survey intervals, the net wave energy was from the south,tend
ing to move mater ia l back into the Surfside area. It is to be noted that 
in al l cases, except the April 1949 - August 1949 interval, the sand 
movement was in a direction in consonance with the direction of the net 
along shore energy. In the case of the exception, the oorth and south 
ener gies were of the same order, and a relatively small error in either 
energy summation could cause a disproportionately large error in the 
net ener gy. 

Sand Analy ses. The results of the analyses of the sand samples taken 
in the study ar ea are given in Table 6A for the beach samples and Table 
6B for the of fshore samples. A study of Table 6A shows that at the time 
of the initial sand sampling, a month or two after the completion of the 
fill, there was a sharp break in sand size in the region of range 7 and 
7A. This represents the southerly limit of the fill, which at this 
sampling , had not had time to distribute itself southerly along the beach. 
The break in median diameter was from about 0.44 millimeter at range 7A 
to 0.33 millimeter at range 8. This condition is further demonstrated 
by the summar y averages at the bottom of Table 6A, showing beach sand 
in the f i ll ar ea (ranges 3 - 7A) to have a median diameter of 0.48 milli
meter and that in the remainder of the study area (ranges 8 - 11) to 
have a median diameter of only 0.30 millimeter. 

By the time of the August 1949 survey, the southerly drift of 
the fill had erased this difference in median diameters in the study area, 
ranges 3 - 7A showing 0.36 millimeter and ranges 8 - 11 showing 0.39 
millimeter. 

Analy ses of the offshore samples, shown in Table 6B, indicate that 
fill placement and movement did not affect the median grain size 
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-....J 

Date of 
Survey 

3/29/48 

6/1/48 

8/6/48 

11/9/48 

1/25/49 

4/8/49 

8/19/49 

Interval 
in days 

65 

66 

95 

77 

73 

123 

TABLE 5 

SUMMARY OF WAVE ENERGY AND SAND MOVEMENT 

Average north angle = 90 sin~ cos~ = 0.154 
Average south angle = 21

0 sin~ cos~ = 0.334 
(Energy expressed in million foot-pounds) 

To t a l energy per foot of 
Crest at 12-foot depth 

Total alongshore energy 
per foot of beach 

Net along shore 
ene r gy per 

f rom nor th f rom south from north f rom south ft, of beach 

2610 0 402 0 402N 

3844 529 5 592 1765 1173S 

5572 1889 859 630 229N 

7901 780 1220 260 960N 

6336 595 975 199 776N 

3926 2522 604 844 204S 

Average 
daily along
shore energy 
per ft . o f bea ch 

6.2N 

l 7.8S 

2.4N 

l2 . 5N 

10. 6N 

1.7S 

Sand 
movement * 
past rangelO 

(Cu.yds./day) 

-1170 

+2130 

- 303 

- 618 

-1680 

- 845 

* Fi gures on sand movement are taken f rom Table 2. A plus sign ( +) indicates a movement north past range 10 into 
the study area. A minu s sign (-) indicate s a movement south past range 10 . 



TABLE 6A 

SUMMARY OF BEAm SAND ANALYSES 

Average median grain size in mm. of all beach 
samEles* taken near the time of the 

Range March 48 Survey August 49 Survey 

3 0.47 (1/' 0.35 ( 15) 

4 0.43 (7) 0.31 (14) 

5 0.53 ( 6) 0.34 (12) 

6 - 6A 0.51 (14) 0.48 ( 3) 

7 - 7A 0.44 ( 8) 0.60 (2) 

8 0.33 (4) 0.60 (1) 

9 0.29 (4) 0.39 (1) 

10 0.26 (4) 0.30 ( 2) 

11 0.31 (3) 0.34 (1) 

12 - 24t. 0.20 (3) 0.33 (12) 

(Summary from above compilation) 

3 - 7A 0.48 0.36 
8 - 11 0.30 0.39 

* Beach samples are those taken from the surface of the beach between 
the mean lower low water contour and the survey base line. 

# The numbers in parentheses indicate the number of beach samples 
collected and averaged in obtaining the stated median diame·er. 

t. Ranges 11 thru 24 are spaced at 3,OOO-foot intervals along the beach. 

TABLE 6B 

SUMMARY OF OFFSOORE SAND ANALYSES 

(Each entry represents only one sample) 

Sampling Median diameter in 1ID1I. of offshore bottom 
Range Interval samEles taken at indicated MLLW contour 

_5' -10' -15' -20' ~ -40' -50' 

3 Apr.' 48 0.10 0.09 0.09 0.08 
Jun-Sep '49 0.08 

11 Apr.' 48 0.12 0.14 0.10 
-----------

16 May-Jun • 48 0.18 0.08 

----~------ 0.08 

19 May-Jun • 48 0.10 
Jun-Sep • 49 0.15 0.13 0.08 0.21 0.08 

24 May-Jun • 48 0.18 0.07 
Jun-Sep • 49 0.13 0.07 0.17 0.09 
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significantly in the offshore zone. The samples were .. _>u few in number, 
however, to make a conclusive study of this action. 

Sand Movement v~Alongshore Energy. As previously stated, the 
purpose of the study was to determine if a correlation could be found 
between the quantity of sand movement and the incident wave energy. 
Accordingly, the data on sand movement from Table 2 are enterpct in Table 5 
with the wave energy summary. The summary data from Table 5 are in turn 
plotted on Figure 5; this plot does not use the April 1949 - August 1949 
interval for the reasons given above. 

The curve drawn on Figure 5 indicates that: 

where E. 
1 

Q. 
1 

k 

Q. = kE. 
1 1 

(7) 

= intensity of net alongshore wave energy in millions of foot
pounds per foot of beach per day. 

= intensity of net alongshore sand movement in cubic yards per 
day. 

• factor of proportionality (approximately 135 from Figure 5 ). 

It is recognized that this relationship is only an approximation, that it 
was derived from wave conditions existing in the Surfside area for about 
a year and a half, and that the median diameter of the sand involved in 
most of the movement studied was about 0.4 mill imeter. 

In interpreting Figure 5, it Should be recognized that it carries 
the assumption that there was no significant movement around the end of 
the south jetty at Anaheim Bay into the study area. 

Comparison With Other Data. A somewhat comparable study dealing with 
the relation of sand movement to wave action was made by the ~5~ch Erosion 
Board in 1952 for South Lake Worth Inlet, Florida. The study involved 
~ determination of the rate of movement to the sand bypassing plant on 
the north jetty at that inlet. The beach sand in the Florida study area 
had a median diameter of about 0.4 millimeter, which is in the same order 
as the Anaheim sand. The following relationship for sand movement versus 
wave energy was developed in the Florida study: 

where Q 

and E 

Q = 0.0011 EO. 9 
(7) 

= intensity of southerly alongshore sand movement in cubic yards 
per day. = southerly alongshore energy in foot-pounds per foot of beach 
per day. 

Expressing this in the units used for the present analysis: 

Q. = 240 E 0.9 
1 i 

(8) 

where Q. = intensity of alongshore sand movement in cubic yards per day. 
1 
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and E . 
1 

= intensity of alongshore energy in millions of foot-pounds 
pe r foot of beach per day. 

The Plorida ano Anaheim data are replotted together on Figure 6. 
The combined data a ppears to be in reasonable agreement and to support 
a relationship which can be expre ssed as: 

Q. 
1 

= 210 E.O. S 
1 

( 9) 

The fac t that the relat ionships indicated by these two independent 
studies ar e in substantial agreement, indicates that the approach to the 
e stabli shment of the relat ionship is reasonable and that the combined 
re1ation~lip given in equation 9 has possibly more than local application. 
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