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ABSTRACT 

Thi s repor t is a campi l a tion of data on lon gshore sediment transp ort 
and associ a ted wave d sed i ment characteristi cs from sL aboratory 
s tudies and four fie Id studie:". Laboratory observat i ons ln c lude wate 
dept , wav e height, \>,Tave peri od, median grain si ze, wave generator ang le 
w'i t h the to f the beach , an d longsh or e transp rt r ate. Laborat ory wave 
heights range frorr: 0.0 35 to 0 . 51 foot, periods fr om 0 .75 to 3. 75 se onds , 
depth from 0 . 49 t o 2. 33 f eet, generator an les from 10 to 50 degrees, 
ini t i a l be ach slop e f rom 1: 5 . 6 to 1 : 33, median grai n s i ze from 0 .22 mm. 
to 1. 55 nun., and spe ci fic gra ities fr om 1.1 t 2.69. 

111 maximum t r ansport rate in s tudies near Anaheim Bay, Ca li f o n ia , 
is 2,130 cub ic ards p r da' , n orth. The maximum rate ntar South Lake 
\'io th In l et , Flor i da , i s 1 ,300 cubic yards per day , south. The estlmat;::·d 
transp ort rate at Cape Thompson, Alaska, is 4,680 cubic yards pe r day . 
The max imum rate a t Si l ver St r and Beach .. C lifornia, is 3,400 cubic yal"ds 
per day. 

FO REWORD 

Lab oratory and fi e ld dat a collected by res e ar h ers from 1944 to 1970 
wer e use d in prepar "ng t hi s report. 

ivI. Ivl . Das of the Res arch Di risi on prepared "h e report . Ac the tj mr.> 
of publi cati o , Lieut nant Colonel [jon S. cCoy was irector of ERe; 
Thorndike Savi ll , Jr. wa_ Te chni cal Director . 

Note: Comment!; on t h i s publi c at ' on are invit ed . Di s cussion will b e 
published in t he next issue of the CERe Bulletin. 

This r eport is publishe d under authority of Pub liL: Law 166 , 79t h 
Congr e s s, approved July 31 , 1945 , a s suppl emen ed by Pub lic Law 17_ , 88 th 
Congress approved l--:ovemb er 7, 19 63 . 
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LO. GS HO E ED MENT TRANSPORT RA ES : A COMPILATION OF OAT. 

Sec tion I . INTRODUCTION 

\ he n waves ap oa h the s hore obli ue ly a n b reak, t h ey genera te a 
longs hore curren t , which as a part o f t h e n ar h re current system t r n s
port s sand a l ong t he sh ore . The pri n c i p a l ob j e c t i ve of the lab orat ory 
and fi e ld s tudi es from v,h i ch dat ' have be n c omp iled in this r epor t was 
to re l at J t he ra t e of l on g hare tra spo r t t o t h e l ongshore componen t of 
wave n e r gy f ux or the rar i o~~ paramet r s des cr i bing t h e e nergy . Lack
i ng adequa te knmdedg of the lyd r J ynami cs of t he fl ow f i e l d i n the 
li t tor a zo e 3.l1d of the se d i men t - fl ow i nterac t i on i n an os c i llatory 
turbu l e nt flow, mpirical predictions of longshore tr ,s p ort ar at t emp t e • . 
Such at t empts need e i t her l aboratory or i e l d da t a on . ngs hor trans p rt 

nd t h e as:;o ci a t ed \\lave a nd sed i men ch ar a t e r i s tics . 

The pm'pos of t h i s r por t i s t o compi l e and describ e th e avai l able 
longs hor -transpor t da t a . The - e i nclude six set s of lab oratory measure 
ments (Krumbe i n, 1944 ; Savi ll e , 1950 ; Shay and J ohn on , 19 51 ; Sa uvage 
and Vin cent , 1954; Pr ice and Tom l ~nson , 1969 ; and Fai rchi l d , 19 70); a d 
four eL of fi e l d meas urement s (\~atts, 195 3 ; Ca dwe ll, 19 56 ; M orc and 
Co l e, 1960; and Komar, 1969 ) . For each lab orat ory study t he longshore
t r ans p or t a ta a nd th as socia t ed wave and s e d i m nt characteristics h av e 
been l i s t e d i n a s i ngle tab l e i n Appendix " For th e fiel d st ud i es, the 
da t a are p res nt d ' n th f orm a va ilable i n pub li sh e d or unpub lish ed 
records . his ornp i l a ti on f o ms the b ackgr ound f o r a rev i ew and eval ua-
ti n of the dat a and a suggested r e l at i ons h ip be tl'een longsh or e ener gy 
f l ux and l ongsh or e t r anspor t . 

he ca mpi lat i on of the 10 st udi es i s surmna r i z .d in Tab les 1, 2, 3, 
and 4. Tab l e 1 summari zes he s diment cha r a c te r i st i cs of t J e studi s , 
Tab Ie 2 sh ws a compar is OJ of t he r ange of im 0 ' L nt va r i ab l e s i n the six 
labora tory studies , . ab le 3 gives a s unlIn,lry of t he \~ave bas in d imensi ons 
and appr oximate beach length i n the l abo r atory s t udi s , and Tab le 4 
comp ar es the sa l i en t fea t ur s of thE' four fi e l d s tudies . The se f our tables 
f oll01 t he I NTRODUCTION . The s ubsequent Tab les ( 5 through 28) i n cluded 
in Appendix A pr esen t t. e av . ab le data, h' l i ch cons i st f t he actual 

uan ti t i e s me sure. Whereve r a v r iab le h a s be 11 comp ut e d r ath e r th3.l1 
meas ured, it is so men t i oned in t he t abl . Figurs i n Append i x B in clude 
t h e l ab rat ry tes t e tu 5 -' l oca i on maps of fi eld s t ud i es, and longshore 
t rans port and wave measuremen t si tes of the f ield s ud i es , wh ereve r ava i l
able . Sect i on I I gives a br ie f des ri pt ion of each study; Se cti on I I I 
cont a i ns the c aracteri stics of t he s di mnt i~ e ach study ; and Sect ion 
IV i s a di scussi on poi n ti gout 1e import an t aspe c ts of t h e da t a . 



Stud 
No. 

1 

2 

.3 

4 

5 

6 

7 

8 

9 

10 

TA LE 1 

SUMMARY OF SED H1E rr Cl-LJ\R CTER ISTICS OF 10 STUDIES 

Source of Data 

Laborat ory (Berkeley) 
Krwnbein 

Laboratory (Berkel ey ) 
Saville 

LaboratoTY (Berkeley) 
Shay and Johnson 

Laboratory (Grenoble) 
Sauvage and Vincent 

Laboratory (CERC) 
Savage and Fairchild 

Labor atory (Wallingford) 
Price and Tomlinson 

Fi el d (South Lake 
Worth Inlet, Florida) 

Watt s 

Field (Anaheim Bay, 
California ) Ca l dwell 

Field (Cape Thompson, 
Alaska) 
Moore and Cole 

Fi e l d 
a. El Moreno Beach, 

Baja Ca lifornia 
Komar 

b. Silver Strand 
Beach, California 

Komar 

St udy 
Dat e 

1948-49 

l S) SO 

1958-66 

1952 

1948-49 

1959 

Publica- Sediment Characteristics 
tion Date 'lei. (mm) Sr 

1944 

1950 

195] 

1954 

1962 
1970 

1969 

1953 

1956 

1960 

1969 

1969 

0.50 

0.30 

0.30 

0.50 
1. 50 
1. 00 

O ~ .) 

.L~ 

0.80 

0.40 * 

0.40 *** 

1.0 

0.60 

0.175 

2.65 

2.69 

2.69 

2.60 
1.40 
1.10 

2. 65 

1. 35 

2.70 ** 

2.65 

2.65 
(asswned) 

2.65 

2.65 

* Variable (Table 15), approximately average med i an diameter = 0.40 nun. 
** Computed 72% shell Sr = 2.72, 28% quartz Sr = 2.65 

*** Variable (Table 23), approximat e ly average medi an diamet er = 0.40 mm . 

2 



TABLE 2 

COMPAR ISON OF VAR IABL S I SIX LA BORATORY STUDIES 

Wave Gen. 
Period T Height H Water Depth d Angle ag Initial Cha r ac teristics No. of 

Authors (seconds) (feet) (feet) (degrees) Slope ~1 (mm ) 5r Observations 

1. Krumbein .97-2.04 .073-.271 1. 30 15 1:5.6 0.50 2 .65 15 
(or 10°) (as um ed) 

2. Saville .714-1. sao .069-.167 l. 48 10 1: 10 0.30 2.69 9 
(assumed) 

3. Shay and .86-1. 40 .080-.148 1.440-1.480 10 1 : 10 0.30 2 . 69 13 
Johnson .76-1.25 .124-.187 l. 600-l. 700 20 1 : 10 0.30 2.69 (, 

. 75-1.50 .05 2-.176 1 . 48 0-1. 4 6 30 1:10 0.30 2.69 33 

. 16-1. 2S .113-. L 8 1. 600-1.701 0 1:10 0. 30 2. 69 11 

. 76-1.25 , 10d-,195 1. 599-1. 701 40 1: 10 0. 30 2. () 9 17 

.76-1.25 .106- .197 1. 598-1. 601 50 1:10 0. 30 2. 69 ] 4 

4. Sauvage & .94 .105-.179 .49 15 ? 0.50 2.60 :5 
Vincent . 94 .035-.146 .49 15 ? 1. 50 1. 40 8 

.94 .047-.095 .49 15 ? 1. 00 1. 10 6 
(Values computed from authors' Figure 5) 

5. Fairchild 1.50-3.75* .140-2.46 2.33 30 1:20 0.22 2.65 6 
1.25-3.75 .140-0.614 2.33 30 1: 10 0.22 2.65 26 
1.50-3. OO~· .176-0.192 2.33 "u Composite 0.22 2.65 3 

about 1:33 

6. Price and 1. 46 .183 1.0 r 1: 17 C.30 1. 3:5 ' ) 
~ 

Tomlinson l. IS .208 

.* Average value in variab1 e-r eried te s t s 



TA BLE ~. 

SUMr-1ARY OF WAV E BASI DIHENSIONS IN LABORATORY STUDI S 

Source of Data Count 

J _ Kr umb e i n 

2 . Sav ille 

3 . Shay an Johnson 25 -123 

4. Sauv age an d Vincent 124-140 

S . faIrcluld CERe J 

1<:3 -

14 4-145 

l 46- 1 ..J 

Basin Dim ens i ons 
(fee t) 

58 . 2 x 38. 7 x 2 .0 

122 x 66 x 2 .0 

122 x 66 x 2.0 

No t availab l e 

15U x 100 x 30 
(No rth Sector ) 
200 x 150 x 30 
( ou t h Sec t or ) * 

-, Por t ion s of t he bas in u s eJ In s t udj .5 , see ligures 2b, 3 a and b . 

Approxima t e Beach Lengt h 
(f-e t ) 

38 

o 

60 (Co n ts 25- 81) 
33 (C o u t s 82 - 123 ) 

1 t ava i l ab le 

30 -- 98 (Va r i ab le) 

98 

30 

98 



(J'I 

Source 

5. Fa i r chilu (C ERe ) 

6. Price and 
Tom b ns on 

TABLE 3 (C ontinued) 

SUM1-1 RY OF WAVE BASI N Dn! NSJ ONS IN LABORATORY TUDT S 

Count 

150-156 
(150, 151 
15::;, 155, 

152, 154 

157 

1.58, 159 

160 

161-163 

164- 1 6 

172-175 

.. -' '' .. ,-:, 
1 / 0-1:1 

156) 

Ba s on Dimensi ons 
(fe t ) 

(c ont i nued) 

i 9U .x 75 

Approx·mat e Beach Length 
' fee t) 

30 (, 'or t h Sec t or ) 

43 (South Sector) 

38 (South Se t or) 

30 (No r th Sector) 

35 (North Sector ) 

98 (South Sector) 

30 ( orth Se c t o -) ~ 

40 orth Sector) 



T/l. BLE 4 

COMPARISON OF SALIENT FEATURES OF FOUR FI ELD STUDIES 

Period 
of Study 

, 'atts 
7 Mar 52 to 
11 Jun 52 

C,Jldwell 
29 ;v!ur 48 to 
19 Aug 49 

1-100re an Cole 
11 .Jul 59 
(l: 30 Piv1 to 
4: 30 Piv1) 

Komar 

Sour ce of Longs ho re 
Transpor t Dat a 

Sand bypassing p l ant l ocat ed on 
north jetty of South Lake Worth 
Inlet, Florida. Transpor t rate 
measured from det enti on basin 
south of south jetty or from 
pumping rate dur i ng periods p p 
did not di scharge mater ial into 
the detention bas i n . 

Erosion or accret i on of the beac 
fill placed at Surfs i de , Ca l ifornia, 
bet ween survey r ang s 3- 10 (i. e., 
10,000 f eet ). Measur ements obta ' ned 
f ro m beach profil e eh nges . 

Plane table :ur vey of t he 
growth of a s and sp i t a t outlet 
of Tasaychek Lagoon , 12 mi l es 
north of Cape Krus ens tern, Al aska 

From measurement of adve ction 
rate and depth of bur i al of 
fluoresc ent uyed s and grains 
at El Moreno Beach , Mexico and 
Silver Strand Beach, Californi a. 

6 

Depth ",here 
H, T measured 

17 f eet ~1SL 

(pressure v,'ave 
recorder ) 12-
minu te r ecor s 
a t 4-hour 
int erval s. 

20 f eet ~1 L LW 

ot ment i oned 
i n origi nal 
r eferenle 

Not available 
in r efe ence 



TA B E 4 (C ont inued) 

Depth ;\,h ,r e 
wave n r gy 

omput ed 

17 feet r·1 SL 
(Souther ly 
omponent 

of \,' ave 
nergy only 

computed) 

12 feet MLLW 
C oth northerl y 
and souther ly 
component of 
wav e ener y 

omput ed) 

Distance betl.e en 
wave and transpor 
measurement i t es 

At a I m Beach 
Pi e 11 mi l es 
nor th of i nlet 

b mile sou t h 
of Anahe i m Bay 
at Hunt ingt on 
Beach Pier 

ot mentioned in or iginal reference 

Br eaker 
depth 

~!easured at same 
location 

Di,tance betwen wave 
dir ection and transport 
measur ement sites 

7 

31.;; mile s north 
of inlet from 
Ambassador Hotel 
(Sighting bar 
attached to 
t ransit used) 

lindcasted using 
synoptic charts for 
waves originating 
north of latitude 
20

0 
N for period 

30 Ma r 48 to 
29 Mar 49 

Measured at same 
location 

Type of 
Transpor t 

Littoral 
drift 
intercept ed 
by north 
j etty 
(ne t dr ift) 

Both 
southerly 
& northerly 
transport 
past 
range 10 

Southerly t rans
port. Long
shore curl' nt 
of 126 feet 
per minute 
to the S0L"ch 



Se tion II. D E~ CRIPTI N OF I NVESTI GATI O S 

Th fo ll ow i ng 1 ar agraphs descr i be each s t udy ln the order i t appear s 
in th e t ab l s of Appe L A. The experi ment a l 5 e up is e s rib d and t he 
variab e ' me as ur ed a e defin ed . 

1. Krumbein I s Laboratory Study 

A l abor "ory s t udy was condu.cted by Krumbein in 1942 at the Unive r
si t y of Califor ni a, B rkeley. The experimen t a s etup is sh own in Fi gure-
2A. Longs ] 0 e t ansport at e, long sh or e cur rent v I a ity, and wave and 
s ed i ment ch ar a cteris t i cs were meas ur e d . Th e maximwn rat e of r emoval of 
san f r om t he pdrift end of t he be ach \vas det e rmi ned from the rate of 
feed of mate r ia l to a h opper. The r a t e Ivas adjust ed t o the c npab ility 
of t he waves t o move s and . Lon gs hore cur rents we re meas ure d by us ing 
f l oat s and con fe t t · . he m · mum V l oc i ty para l l e l to sh ore ne r t he 
p l unge l ine was meas u d by re leasi ng a s oa e d string, and re cordi n g 
the movemen t f the end of t he st ring v er a f i xed t i me int e ral. Wav e 
heigh t s were meas ured wi t h a combi n ati on poin t and h ook gage in which 
the hook cou be s et to the t roug s of t he waves and th e po i nt to the 
cres t s. The wave height \,yas then obt ained b y re adi n g t he di f f e r ence i n 
gage he i gh t s on a single v n l ier. The me h ani ea l an al ys i s of the sand 
i s given in Figure 4; and the dat a are pr esen ted in Tab 5. 

:~. Sav i ll e' S Labo r at ory St udy 

Savi l l e conduct ed a l abora t or y s t udy at t h e Univ e r s ity of Cali f o r nia, 
B rke l ey . TIle t es t se t up is sho m in Figure l Ao The me asurements of 
the wave and s edi ment c 1ar2cte r i s t ics , s and transp ort r a te, and long
shore currents are presented in Table 6. The total trans port rate due 
to bedl oad and susp en ded l oad was deter mined by installing a weighing 
dev i ce at th e down coast end of t he beach. The bedl oad rate was measured 
by i n s tallin g hoppers on t he be ach. Th e r a te of l ongsho r e tra ns por t in 
c ub ic yards pe r day has b n comput ed from t he author 's given dr y wei gh t 
r a te in pounds per hour using a unit we i ght of 105 pounds pe r cubic fo ot. 
Br eaker angles were deterrn i n d from v er tical photogr aphs. 111e mechanical 
anal yses of s and are given in Fi gure 4. 

3. Shay and Johns on I s Laboratory St" dy 

A laboratory study \'ias conduct d by Shay and Johnson at the Un iver
sity of California. The layout of t h e wave basin and t he test setup aT 
sh own i 1 Fi gure lB. Wave and se di m n t characteristics, longshore tr ans
port r a t e, and ma ximum lon gshore cur r e t were measured in the t est s. 
Tab les 7 t hrough 12 sh ow t he va r i abl e s meas ur ed in t h e tests. Wave 
he i gh t variab ili ty was observed in t he experiments; so many r e adin gs w r e
t ken dur i ng a ch Tun a nd an arithmeti c average of the readings \ .. as use d 
to ch r a c t eri ze the wave he i ght. Wave heights were me as ured with a point 
and hook gage as in Krumbei n ' s tes t s. The bedload rate was measured by 
i nstal l i n g hoppers on the beach f or s mal l generator angles. These hoppers 

8 



were remove ,hen wave sp i t te 5 were used for ang les of 30 degre es or 
greater . TI1e rate of ongshore transport in eu ic yards pe ' day in Tab l es 
7 to 12 ar~ computed values using a un i t weight of 10 pounds pe r cubi c 
fuot f rom authors' \ e.i.ght r ate data in pounds per h our . Th same method 
\'i';.iS use in Saville ' s st dy. Johnc;on has confi Tme (pers onal c mmunicatlon) 
that th_ t ransport rate Q (lbs/hour) t'lb ul ateci i n t he r eport is the d y 
\"ci~ht r ate. 

Longshore curr nt vel cit ie s (~aximum and the a "erag c wer measured 
by r · eas in g f uores cei n . The breaker a ngl es \~ere det ennin ed from ve -
tica l photographs as in Savi l le's s t udy . 

Equilib' ium be ch profil es \~cre t aken after a t ab l e cond i t i on ~ as 

reached y ins ert ing a pi Co2 of sheet me ta l in the 1- eac h perpendi cu lar t o 
the beach con t ours and tr c i ng the sand profile unde r \vat e r wi th a gr ease 
marker, wi t h a v i ew to ~tu y the inf l uence of wa ve st eepnes s on bea ch 
profi l e . 

!.!. • S uvage and i ncent '5 Labor_a_--,,--_t _u_u,,-Y 

Two series of l abo r atory exp rim nts \o/e re con ducted by t h e auth ors 
at the hydrau lics a oratory at Grenoble, FrWlce. I n t l e fi r st series 
of tests , t he beach \-las s et 'It an angle of I S degrees \-Jith t he wave 
makers . I n t he s e ond seri es, the angle was v ar ied from 5 d gr e s to 
70 degrees . I n addition, there was a unique s e t o f experi ments i n whi ch 
three t pes of sediments , ... i t different eh racteris t i cs were used. Th e 
vo l ume of ma t erial, feJ from a dis t ri butor an d t ran ported a l ong t he 
beach , \vas co ll ected i n a rap a t he dOWl-ldrift end . The dat a f r om t h e 
me'surements o f l ongshor e transport and t he wave ch aract er i s t i cs are 
prsented ol. l y i n graphi a l forn in the paper b r Sauvage and Vincent (19 54). 

e actua l m asur dat a are not avai l ab l e . U "i ng F ' gure 5 of the authors 
t he l ongshore t ransport rates and the wav e ch aracteristics ha ve been 
ob tain d as sh Ol·m in Tab ] e 13. 

S . Sa "age an d Fai r child 's Lab orator y Stud), 

In a l ab or t ory pro am on t he st udies of lon gshore trans port at the 
form r Beach Er s " n Boar d ( BE B) , p r esently known as Coastal Engine ri ng 
Res earc ente r (CERe ) . several t sts we r e conduc ted from 1958 to 19 66 . 

n o f t h se t ests were rep or t ed by Sa rage (1962), and all of the tests 
in edi t ed f orm appear i n Fai r ch ild s pape r (1970). 

'The t ransp ort s t u i e s were made i n t he no rth and south sectors of 
tl e Shore Pro es Test Bas in (SP B) show n i n Fi gures 2B, 3A, and 3B. 
Beach ge ome t ry and ch ar a cter i s tlcs, the ass o iated wave charact eristi cs, 
an t he r at 5 of trans o:r t o f beach matel' ia l are pr s ented in T b les 
14 and 15 . A de t aile d des cr i pt i on of t he SPTB , the sand transport ing 
system, the s an d r aps and tl. . s al d we ighing syst e m are in BEB T chni a l 
~lemo andwn No . 114 a a ge 1959) , an ar not gi ven here . The tota l 
quanti ty of l ongs hore dri ft caught in the san traps was recorded f o r 
every 5-houT inte rval during the t es t . To conve rt the weight rat e to 
vo l wne r t , a uni t weigh t of 1 5 pounds per cubic foot was us ed for 
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the s and t es ted. To establish a relationship bet een the longshore 
energy and he longshore transport rat e , the transport rate between the 
20th and 30th hours of test was us ed , !henev r the test continued ove r 
20 hours . 

Due to t he large variabi Ii ty in W:lve heights ob served in th e SPTB 
dur i ng the test, it was di fficult to characterize each t est wit a par 
ti cular me a ured inci d nt wave he i ght. I t was deci ded to char cterize 
the '-'lave i n the SPTB by a half- s i ze Froude model in another wave flume 
(75 fe t by 1.5 f e t by 2.0 foot deep) at CERC. By varying the eccen
tricity ~l1d the period in the wave flume , t he. wave heights (b e f ore visib l e 
reflection occurred) were measured. The average of th ese ,,,ave height s 
was consi der ed as the height of incident wave at that particular depth 
of water. The wave height and ec centricity corresponding to SPTB test 
condi tions were derived from hal f - s cale, Froude-mode 1 wave tank studies. 

A family of curves was obtained for wave heights as a function of 
wave erlod with eccentrlclty as a parameter. These curves were used to 
characterize the incident waves in the SPTB (Fai rchild, 1970), and these 
va lues (due to the lar ge var i ab ility in wave heights in the measurements 
of wave hei ghts in SPTB) \\I ere used to compute the \·,ave energy in the SPTB . 
Fluorescein was used in most tests to measur e longshore currents. Beach 
s amp les \"ere also obtained in the t es ts. Water temperature meas uremen ts 
we r e made dur ' ng each test at frequ ent intervals. 

6. Price and Tomlinson's Laboratory Study 

St udies were conducted at Wallingford Research Station lEngland) on 
the effect of groins on a beach stable fo r a part i cular wave condition 
and be ach material. Longshore transport was also measured on two 
occasions without groi ns. 

The \"ave basin is 190 feet by 75 f eet equ i pe d \"i th a snake t ype Nave 
maker, and tide and tidal-current generators. Bed material was crush ed 
coal with specific gravity of 1.35 and mean grain size of 0.80 mrn. The 
i ni tial beach s lope was 1 on 17 at mean tide level. The e ·perimental 
condi tions and variables measured are giv en in Tables 2 and 16. 

7. Watt's Field Study 

By measuring wave characteristics, longshore currents, and amount of 
material pumped by the bypassing pl ant on the north side of the north 
jetty at South Lake Worth Inlet, Fl ori da, Watts (1953) attempted to re
late the volume of longshore trans port reaching the pump intake to the 
wave energy reaching adjacent shor es . 

The material pumped by the byp assing plant was measure d by pumpi ng 
it into a detention basin located on the south side of the intake. The 
pe iod of pumpi ng considered in the analysis is from February 25 to June 
11 of 1952. During this period, the pumping plant byp assed almost all 
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the littoral drift moving alongshore inside the surf zone. Therefore, 
it was assumed that the pumped volume would represent the total southerly 
longshore transport rate in the nearshore zone. The material pumped into 
the detention basin was periodically surveyed for measurement of the 
quantity. During the period the deten~ion basin was being cleared and 
leveled, the material could not be pumped into the basin, but the mate
rial pumped during these intervals \,as estimated from the average pumping 
rate of 76.2 cubic yards per hour, computed from the log of pumping time 
between January 1949 and December 1951, furnished by the Palm Beach 
County Engineer. The volume of material pumped and used in the analysis 
is given in Table 18. Wave heights and periods were measured by a pres
sure gage located at Palm Beach Pier, 11 miles north of the Inlet and in 
about 17 feet of water be low mean sea leve 1. The recording mechanism 
was progranuned to obtain a l2-minute record every 4 hours from 6 March 
to 10 June 1952. The wave data are presented in Tab Ie 17. 

Wave directions were measured twice daily by the use of a sighting 
bar and auxiliary sights attached to an ordinary engineer transit located 
on the roof of the Ambassador Hotel:tbout 3.5 miles north of the by
passing plant. 

Significant wave heights and periods were computed from the wave 
records. Frequencies of wave heights and periods were plotted. A wave 
direction frequency plot indicated that 75 percent of the direction 
(Table 20) were from north of east. The predominant direction of long
shore transport along the Florida Coast is generally from north to south. 
Therefore, for the data presented in the analysis, the alongshore com
ponent of wave energy was computed for each month for southerly wave 
directions (a S 90°) from durations for each a and the corresponding 
recorded wave height and period data. The total monthly southerly long
shore transport was evaluated from the pumped material. The data are 
p:resented in Table 19 on a monthly and dai ly basis. The southerly com
ponent of wave work is expressed in foot-pounds per day per foot of wave 
crest, and the southerly rate of littoral transport is expressed in cubic 
yards per day. 

Longshore currents inside the breaker zone were measured twice daily 
by using fluorescein at four locations at distances of 1/2 mile, 2 miles, 
5 miles, and 7 miles north of the bypassing plant at the same time the 
wave directions were measured. 

Sediment samples were taken during the study. The data for sampling 
stations 1/2 mile north of inlet and 1,000 feet south of inlet on dif
ferent dates and at high, mean, and ].0\'" tide lines, and at 3-foot water 
depth are presented. The data for five samples taken from the inner bar 
and the ocean bar, and the data for the samples taken in the detention 
basin are also presented (see Table 21). 
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8. Caldwell's Field Study 

From measurements of the rate of ~longshore sand movement of a beach 
fill placed at Surfside, south of Ana~eim Bay, California, and the associ
ated wave characteristics, an attempt was made to correlate the two. The 
summary of computed \,ave energy and longshore transport rate is given in 
Table 26. The beach profile changes shoh'n by seven surveys out to the 
20-foot contour were used to compute the volume changes of beach fill 
along the shore. The vo lume changes ,He given in Tab les 24 and 25. 

Wave heights and pe:riods \"ere 'Jbtained from 8-minute wave records 
taken at 4-hour intervals by wave gages installed on the Huntington Beach 
Pier about 6 miles south of Ar..aheirr. Bay. The depth of water at the gaging 
station was 20 feet below mean lower low water. Utilizing meteorological 
data, ,,,ave forecasting techniques \.,rere used to "hindeast" significant wave 
heights, significant periods, and t he directions of wave approacll. Hind
cast heights and periods \.,rere used to supplement recorded heights and 
periods where gaps occurred in the record. Aerial photographs of the study 
area were also taken. Wave direction and period were also determined f rom 
the photographs. Hindcasting and wave refraction analysis were used in 
combination to determine the wave direction associated with each wave 
observation. This analysis showed that the northerly longshore transport 
was caused by southerly waves reaching the l2-foot depth at an average 
angle of 21 degrees, and that the southerl~ longshore transport was due to 
northerly waves reaching the same depth at an average angle of 9 degrees 
to t he beach. The wave climate near Anah eim Bay and comparison of wave 
data (Caldwell, 1956) are given in Tab les 22 and 23, respectively. 

Sand samples were taken from beaches along the different survey 
ranges twice during the survey period , once in March 1948 at the early 
part of the survey and once in Augus t 1949 towards the end of the survey 
period. The average median grain siz(~s of the material are tabulated in 
the report (Tab Ie 27). The summary average given in the tab Ie shows that 
the median grain diameter in the beach fi ll area (Survey ranges 3-7A) 
is 0.42 mm. 

9. Moore and Cole's Field Study 

A transport rate of 4,680 cubic yards per day was measured near Cape 
Thompson, Alaska, from the growth of a sand spit during a 3-hour period. 
The material was deposited on the spit by waves 5 feet high with a period 
of 5.5 seconds and a 25-degree angle to the beach. 

10. Komar's Field Study 

Studies \.,rere conducted at El ~101'eno Beach located on the northwest 
shore of Gulf of California, in Baja California, Mexico, and at Silver 
Strand Beach near San Diego, California. The p_lrpose was to obtain field 
measurements of the bedload transport rate over short periods of time 
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and, simultaneously. to measure the waves and currents to be able to 
test relationships between the longsho~e transport rate and the wave 
energy flux. 

The measurements of longshore transport rate of sand were made 
through use of natural sand colored with a thin coating of fluorescent 
dye. The sand advection rate was determined from the time history of the 
movement of the center of gravity of the sand tracer which had been intro
duced onto the beach. The thickness of the sand in motion was obtained 
from the depth of burial of the tracer sand in cores of the beach face. 
The product of the advection rate times the cross section of the sand in 
motion gave t he sand transport rate. The wave direction and wave energy 
flux were obtained from simul taneous measurement of wave characteristics 
by an array of digital wave sensors placed in and near the surf zone. 
The wave sensors I"ere of pressure type measuring pressure variation near 
the bottom. The energy density obtc.ined from measurements of the pressure 
transducers was corrected for the damping effect due to overlying depth 
of I"ater using the linear pressure response factor. The root-mean square 
wave height obtained from the energy density. and the characteristic wave 
period obtained from the frequency spectrum I"ere used to compute the wave 
energy flux at the breaker depth. 

1\"0 models for prediction of longshore transport I"ere tested. The 
first relates the immersed-weight transport rate to the longshore com
ponent of energy flux. The second is based on the concept that the I"aves 
provide the power to move and support the sand and the superimposed long
shore current results in the longshore transport. 

The energy flux, the volume anc. immersed-I"eight transport rate for 
the 14 tests. 10 at El Moreno Beach and 4 at Silver Strand Beach, are 
given in Table 28. The sediment an6 beach characteristics at the tl"O 
sites are in Table 1. 

Section I I I. SEDHIENT CHARACTERISTICS 

In a discussion of Savage's (1962) paper. Manohar (1962), following 
the approach of Einstein (1950), shOl"ed the influence of sediment charac
teristics on the transport rate. Table 1 sho .... 's the median grain diam
eters and specific gravity of the beach material in field or laboratory 
studies. 

1. Laboratory Studies 

Krumbein's (1944) mechanical analysis of the original sand used in 
the tests is shOl"n in Figure 4. The median grain diameter is 0.50 mm. 
The geometric mean diameter and phi standard deviation were deternlined 
graphically by Otto's (1939) method. The specific gravity of the ma
terial is not mentioned in the report, but a value of 2.65 is assumed. 
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Saville (1950) presented the mechanical analysis data of the sand used in 
his tests (Figure 4). The Md of the ~,and used is 0.30 mm and the specific 
gravity is 2.69. 

Shay and Johnson's (1951) mechanical analysis of the sand used in 
the studies is given in Figure 4. The Md is nearly 0.30 mm and the 
specific gravity of the quartz sand is 2.69. 

In the studies by Sauvage and Vincent (1954), the mean grain sizes 
of the three materials used were 0.5 run, 1.5 mm, and 1.0 ITIm, and their 
respective specific gravities were gi ven as 2.60, 1.40 and 1.1. 

A size distribution of the sediment used in BEB studies (1958-19 66 ) 
is shown on Figure 4. The 1vlc1 is 0.22 mm and the specific gravity is 
assumed as 2.65 for the quartz sand. The mean grain size and the specific 
gravity of crushed coal used in Price and Tomlinson's studies (1969) are 
0.80 n@ and 1.35 respectively. 

2. Field Studies 

Sand size analysis of samples obtai n ed during the study at South 
Lake Worth Inlet, Florida, (Watts, 19,53) are shown in Table 21. The 
size distributions \Vere done by an Emery Settling Velocity Tube. 

Considering the samples taken at 1/2 mile north of the Inlet to be 
representative of material in movement in the littoral zone in the a rea, 
a me an grain size of 0.41 mm, or 0.40 urn as sugges ted by CaldvJell (1956), 
may be accepted for this study. The average shell content of the sam
ples at 1/2 mile north of the Inlet is 72 percent (Watts, 1953). Most 
of the remaining 28 percent is presumably quartz. Considering this shell 
to be calcite with specific gravity of 2.72 and the quartz of specific 
gravity of 2.65, the average specific gravity of the material would be 
2.70. 

Summary of beach sand size analysis of the Anaheim data (Caldwell, 
1956) is given in Table 27. The summary includes materials at several 
survey locations. An average value of the grain size of the material 
between survey ranges 3 and 10 would be 0.40 mm. A specific gravity of 
2.65 may be assumed for the beach fill material moving in the survey area. 

The sand size analyses for Silver Strand Beach and El Moreno Beach 
samples (Komar, 1969) are shown on Figur e 4. The median diameters of the 
samples are 0.175 mm and 0.60 mm, respectively. The specific gravity is 
2.65. The median grain size of the beach material in Moore and Coles' 
0960) study was 1.0 mm. 
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Section IV. DISCUSSION OF DATA 

The data in the tables and the foregoing descriptions show the main 
differences and points in common among the sets of data. Some of the 
important aspects of the data are brought out here. 

1. Laboratory Data 

The same wave basin (122 feet by 66 feet by 2 feet deep) was used in 
both the studies of Saville, and Shay and Johnson. The wave tank used 
by Krumbein was smaller in dimensions (58.2 feet by 38.7 feet by 2.0 feet 
deep). The size and layout of the test setup used by Sauvage and Vincent 
are not available. The wave basin used in Price and Tomlinson's studies 
was 190 feet long and 75 feet wide. The SPTB, used in BEB studies 
(Savage and Fairchild's) is shown in Figures 2B, 3A, and 3B. 

The water depths in the model studies were: 1.30 feet (Krumbein), 
1.48 feet (Saville), 1.400 -1. 701 feet (Shay and Johnson), 0.49 feet 
(Sauvage and Vincent), 2.33 feet (BEE) and 1.0 feet (Price and Tomlinson). 

The median grain sizes of the material used were 0.50 mm (Krumbein), 
0.30 mm (Savi lIe, Shay and Johnson), 0.22 mm (BEB). Sauvage and Vincent 
used three types of beach material with specific gravities of 2.6, 1.4, 
and 1.1 and the mean grain sizes of O.S· mm, 1.5 mm, and 1.0 mm, respec
ti ve ly. Price and Tomlinson used crushed coal with specific gravity of 
1.35 and mean grain size of 0.80 mm. 

The angles ag , defined as the nominal setting of the wave generator 
to the beach, were 15 degrees (Krumbein), 10 degrees (Saville), 30 de
grees (BEB) , and 5 degrees (Price and Tomlinson). Shay and Johnson 
varied the angle from 10 degrees to 50 degrees at 10-degree intervals. 
Sauvage and Vincent, in the first series of tests, maintained this angle 
at 15 degrees. In the second series, while studying the influence of 
angle of wave approach on longshore transport, they varied the angle from 
5 degrees to 70 degrees. The data presented were obtained from their 
Figure 5 (Sauvage and Vincent, 1954), but their other results of the 
first series conducted on the study of the effects of wave height, wave 
length and wave steepness as well as data of the second series of tests 
have not been compiled. 

The lengths of laboratory beaches were about 38 feet (Krumbein), 
60 feet (Saville), 60 feet (Shay and Johnson for a o = 10, 20, and 30 
degrees with long beach), and 33 feet(Shay and Joh~son for ag = 30 with 
short beach, 40 and 50 degrees). In three series of tests with ag of 10, 
20 and 30 degrees, Shay and Johnson used sediment traps both in the mid
section of the beach and at the downbeach end to determine both bedload 
and total load, respectively. Similar arrangement was also used by 
Saville. In the tests of 5hay and Johnson with ag of 30, 40 and 50 
degr e es, a wave splitter was used in the beach to reduce the spreading 
out of the beach to the wave gener a tor as shown on Figure 3. This 
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reduced the beach length to 33 feet. No information is available on the 
beach length or size of basin us ed in the study of Sauvage and Vincent. 
The length of beach at stillwater line for the SPTB at BEB was varied 
from 30 feet to 98 feet as shown in Table 3. 

The initial beach slopes used in the studies were 1:5.6 or 10 degrees 
(Krumbein), 1:10 (Saville), 1:10 (Shay and Johnson), 1:10,1:20 and com
posi te of about 1: 33 (BEB). There is no infornla tion avail able on the 
initial beach slope used in the study of Sauvage and Vincent. 

Except in most of the studies conducted at BEB, no training walls 
were placed in the wave basin to conform to the wave orthogonal for uni
f orm distribution of energy in the beach. The BEB study also differs 
from other studies in such aspects a~. basin geometry, beach slope, wave 
height and period variabiiity, and sand feeder height with respect to 
still~ater level. 

Krumbein determined the transport rate from the sand-feeding rate 
necessary for the waves to move it along the beach. Therefore, this 
transport rate differs from rates in the other laboratory studies whi ch 
were determined from the quanti tynoved along the beach and collected in 
dovJl1beach hoppers. Because Shay and Johnson noticed wave height vari
ability, they took several records during each test to detelTIine an 
average height. Saville used the energy setting to compute the wave 
height and also at frequent interv~ls during the test period he measured 
the wave heights by point gages lo~ated at crest and trough of the wave 
and he also used the averaging procedure to take into account the wave 
height variability. No information is available on the apparatus used by 
Sauvage and Vincent to measure the wave heights. Due to large variation 
of wave heights in the BEB tests, it was difficult to determine the in
cident wave heights from measurements in the test basin. Therefore, the 
wave heights were determined from ~ half-scale Froude model in another 
wave tank. A parallel-wire resistance-type wave gage \"as used to measure 
\"ave heights in the model \"ave tank at BEB. 

2. Field Data 

At South Lake Worth Inlet, Florida, Watts used a pressure-type wave 
gage. This was located on the ocean bottom in 17 fe et of water below mean 
sea level, near Palm Beach Pier, 11 miles north of the Inlet. Records 
12 minutes long were taken at 4-hour intervals. Significant wave heights 
and periods were computed from these records. Wave directions \"ere meas
ured visually from the Ambassador Ho~el, 3 1/2 miles north of the Inlet. 

In the studies at Anaheim Bay, California (Caldwell, 1956) \\'ave 
heights and periods were obtained from measurements with a step-resistance 
wave gage and a float type wave gage, installed on the seaward end of the 
Huntington Beach Pier, about 6 miles south of Anaheim Bay. The depth 
of water at the gage was 20 feet below mean lower low water. The step
resistance gage provided 8-minute recor ds at 4-hour intervals. The float 
gage provided continuous records of wave hei ghts, but no periods. When 
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the wave data could not be obtained from the gages, wave forecasting 
techniques were used to "hindcast" the significant height, period, and 
wave direction. No measurement of wave direction was made in this study. 
The wave direction associated with each wave observation \~as obtained by 
hindcasting using synoptic charts. 

In the South Lake Worth Inlet region of the Florida coast, net long
shore transport is from north to south. The material intercepted by thEr 
north jetty of the Inlet was bypassed from the north side to the south 
shore of the south jetty to prevent shoaling inside the Inlet and to 
nourish the south beach. The southerly component of longshore transport 
near the Inlet was measured f rom a detention basin, which was prepared 
for this study. The sand was pumped into this basin. During the period 
sand could not be pumped into the basin, the pumping rate of the plant 
was used to compute the material pumped. 

At Anaheim Bay, the longshore transport passing survey range 10, 
located about 2 miles south of the Bay, was computed from beach profile 
changes between survey ranges 3 and 10, south of Surfside, where beach 
fill material was placed 2 months prior to the start of the study. Both 
the south and north transport rates w r e computed. 
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Tab les 5 through 28 
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10 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Count 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 

T 
(sec) 

1. 14 
1. 38 
1. 44 
1. 80 
1. 69 
1. 94 
2.04 
2.00 
1. 84 
1. 56 
1. 49 
1. 65 
1. 40 
1. 10 
0.97 
1. 25 

TABLE 5 

LABORATORY DATA (KRUMBEIN) 

Ho 

(ft) 

0.206 
0.145 
0.115 
0.097 
0.100 
0.077 
0.084 
0.095 
0.079 
0.099 
0.130 
0.104 
0.151 
0.237 
0.290 
0.195 

iV1d = 0.50 mm. 

H V 
(ft) * (ft/see) 

0.187 
0.131 
0.104 
0.090 
0.092 
0.073 
0.080 
0.090 
0.073 
0.090 
0.118 
0.096 
0.137 
0.217 
0.271 
0.176 

0.47 
0.36 
0.35 
0.21 

0.17 
0.17 
0.20 
0.24 
0.29 
0.32 
0.25 
0.35 
0.55 
0.74 
0.42 

Sr = 2.65 d = 1.3 ft. 

Transport 
Quantity 

3 3 ft /sec q x 10 

1. 39 
0.72 
0.67 
0.30 
0.28 
0.22 
0.25 

0.30 
0.36 
0.47 
0.30 
0.72 
1. 91 
2.08 
1. 00 

Rate** 
Q 

3 
yd /day (comp) 

4.45 
2.30 
2.14 
0.96 
0.90 
0.70 
0.80 

0.96 
1. 15 
1. 50 
0.96 
2.30 
6.10 
6.66 
3.20 

* H is computed from the value of Ho computed and tabulated by the author. 
** ~leasured from rate of feeding into a hopper to maintain a maximum rate 

of removal by the wave action. 
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TABLE 6 

LABORATORY DATA (SAVILLE) 

TransEort Rate ** 

T H Ho I' 
Quantity Q , 

3 ID Count (sec) (ft) eft) * (ft/sec) Dry wt. Ibs/hr yd /day 

6 16 0.714 0.146 0.145 0.319 23.3 .20 
7 17 0.846 0.129 0.126 0.270 40.2 .34 
4 18 0.937 0.116 O. III 0.254 62.6 .53 

55 19 0.996 0.110 0.102 0.205 56.8 .48 
9 20 0.744 0.169 0.167 0.398 29.9 .25 
8 21 0.845 0.147 0.144 0.322 48.7 .41 

10 22 0.990 0.126 0.117 0.241 88.2 .75 
11 23 1. 170 0.106 0.096 8.066 85.0 .72 
12 24 1.500 0.082 0.069 18.2 .15 

Assumptions: So lids - 60 0
.; ; uni.t IVt. 0.6 x 2.69 x 62.4 = 101 Ibs/ft 3 

* H is computed from the value of Ho computed and tabulated by the author. 
** Mea3ured, weighing the sand in a submerged hopper located at 

the down-beach end. 

23 
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TABLE 7 

LABORATORY DATA (SHAY AND JOHNSON) 

m 1:10 (5.75°) Ct g = 10° ~!d = 0 .3 0 mm. Sr = 2.69 

TransEort Rate** 

T Ho H d ctb V 
Quantity Q 

3 ID Count (sec) (ft ) (ft) (ft) (degrees) (ft/ sec) dry wt. * 1bs/hr yd /day 

10-4 25 1. 40 0.089 0.080 1. 442 Not 29.5 .25 
10-6 26 1. 38 0.093 0.083 1. 442 6.2 measured 36.2 .31 
10-7 27 1. 09 0.119 0.109 1.442 67.6 .57 
10-8 28 1. 08 0.094 0.086 1. 442 4.3 68.0 .57 
10-11 29 1. 14 0.102 0.093 1. 440 67.0 .57 
10-12 30 1. 14 0.107 0.098 1.442 96.7 .82 
10-13 'Zl 1.13 0.101 0.093 1. 442 88.4 .75 "'''" 
lO-J4 ~2 1.12 0.093 0.085 1.442 2.0 87.9 .74 
10-15 33 1. 07 0.119 0.110 1.442 58.8 .50 
10-16 34 1. 08 0.101 0.093 1. 442 74.7 .63 
10-17 35 1. 08 0.115 0.106 1. 442 62.4 .53 
10- 18 36 1. 08 0.116 0.107 1.442 8.0 72.9 .62 
10-19 37 1.00 0.125 0.117 1.480 6.2 76.0 .64 
10-20 38 1. 00 0.123 0.115 1.480 73.3 .62 
10-21 39 1. 00 0.112 0.105 1.480 72 .0 .61 
10- 22 40 0.86 0.154 0.148 1. 480 38.8 .33 
10- 23 41 0.86 0.148 0 . 144 1.480 39.1 .33 
10-24 42 0.86 0.154 0.148 1. 480 36.5 .31 

*Dry Weight - personal communication with Professor Johnson 
** Weighing the sand caught in down-beach hoppers. 
NOTE: Volume rate yd 3/day has been computed from \,Ieight rat e 1bs/hr with the assumption of 

60% solids Unit weight ~ 0.6 x 2.69 x 62.4 = 101 1bs/ft 3. 

Water 
Temp. 

(deg. F) 

Not 
measured 



TABLE 8 

LABORATORY DATA (SHAY AND JOHNSON) 

m 1: 10 (5.75°) ag = 20° i'-Id = 0.30 nun. Sr = 2.69 

TransEort Rate** Wat er 
T Ho H d Ct

b V Quantitl g Temp. 
ID Count (sec) (ft) lft) (ft) (degrees) (ft/sec) Ib;; /hr .. lds 3/ day Degrees F 

20-1 43 0.76 .186 .185 1.700 Not .86 78.4 .67 71.3 
20-2 44 0.86 .191 .187 1. 700 measured 1.08 123 .0 1. 04 68.8 
20-4 45 1.15 .149 .138 1.699 .60 165.0 1.40 74.9 
20-5 46 1. 25 .135 .124 1.700 .42 97 .. 0 .82 74.5 
20-6 47 1. 05 .147 .1 39 1.700 .84 210 .0 1. 78 69. 9 
20-7 48 1. 05 .146 .139 1.600 .68 179.0 1. 52 72.4 

I'\) 

(J1 

* Measured, weighing the sand caught in down-beach hoppers. 



TA BLE 9 

LABORATORY DATA (SHAY AND JOHNSON) 

m = 1: 10 (5.75°) ag = 30° ~Id = 0.30 mm. Sr = 2.69 

TransEort Rate* 
Water 

T Ho H d Ctb V 
Quantity Q Temp. 3 

ID Count (sec) (ft) (ft) (ft) (degrees) (ft/sec) 1bs/hr yds / day (degrees F) 

30-1 49 0.88 0.153 0.145 1.486 162.2 1. 38 57.5 
30- 2 50 0.88 0.164 0.155 l. 486 89.2 .76 54.0 
30-3 51 0.88 0.177 0.167 1. 486 64.9 .55 
30-4 52 0.88 0.147 0.139 1.480 0.55 55.4 .47 
30-5 53 0.88 0.152 0.143 1.483 0.49 49.0 .42 45.0 
30-6 54 0.88 0.156 0.148 1.483 0.51 69.7 .59 47.0 
30-7 55 0.88 0.146 0.138 1. 485 0.47 63.8 .54 50.0 

N 30-8 S6 0.88 0.147 0.13'9 1.418 15.1 31.0 .26 50.0 CJ) 

30-9 57 0.88 0.154 0.146 1. 485 16.7 0.53 68.5 .58 48.0 
30-10 58 0.88 0.162 0.153 1.485 15.2 0.40 44 .5 .38 45.0 
30-11 59 0.88 0.162 0.153 1.485 15.9 0.40 47.4 .40 45.0 
30-12 60 0.75 0.178 0.175 1.484 21. 2 0.41 16. 1 .14 47.0 
30-13 61 0.75 0.179 0.176 1.483 18.0 0.46 27.S .2::i 46.0 
30-14 62 0.75 0.173 0.170 1.483 19.5 0.46 25.8 .22 47.0 
30-15 63 1. 00 0.133 0.122 1. 483 0.37 63.2 .54 43.0 
30-16 64 1. 00 0.156 0.143 1. 484 17.5 0.38 93.9 .80 42.0 
30-17 65 1. 00 0.170 0.156 1.483 93.1 .79 43.0 
30-18 66 1. 50 0.065 0.056 1.486 0.08 18.8 .16 48.0 
30-19 67 1. 50 0.087 0.075 1. 486 12.4 36.1 .31 43.0 
30-20 68 1. 50 0.060 0.052 1. 486 11.7 0.03 39.8 .34 55.0 

* Measured, weighing the sand caught in down-drift hoppers. 



TABLE 9 (Continued ) 

L BORATORY DATA (SHAY AND JOHNSON) 

m = 1:10 (5.75 0
) Cl.g = 30

0 Md = 0.30 mm. Sr = 2. 69 

TransEor t Rate* Water 
T Ho H d Ci.b V Quanti t l Q Temp. 3 ID Count (sec ) (ft) (ft) (ft) (degrees) eft/s ec ) Ibs/hr yds /day (degrees F) 

30-21 69 1. 50 0.073 0. 063 1. 486 10.4 46.1 .39 54.0 
30- 22 70 1. 25 0.112 0.099 1. 486 20.5 .11 72.5 . 62 51.0 
30-24 71 1. 25 0 . 101 ' 0 .089 1.486 8 .4 90 .3 .77 48.0 
30- 25 72 1. 25 0.092 0.081 1.484 10.8 .13 152. 1. 29 40 .0 
30-26 73 1. 2S 0. 096 0.084 1.484 9.0 . 12 114. .97 51.0 
30-27 74 1. 2S 0. 104 0.092 1. 486 7. 0 .12 89 . 9 .76 49 .0 
30-28 75 1.10 0.136 0.11 2 1. 484 16. 5 .56 69.1 .59 54 .0 

I\) 30-29 76 1. 10 0.127 0.114 1. 488 12 .5 .53 126 . 1 1. 07 54.0 
-...I 30- 30 77 1. 10 0.121 0.109 1.486 9.0 .70 76 .6 .65 56. 0 

30- 31 78 1. 10 0.1 24 0.112 1 . 486 7.7 . 38 107.8 .92 57 .0 
30-32 79 1. 37 0.082 0 . 071 1.486 .33 17.5 .15 56.0 
30-33 80 1.37 0.071 0.062 1.486 13.4 .15 35. .30 60.0 
30-34 81 1. 37 0.070 0.061 1.486 13 .8 . 09 32.5 .28 61. 0 

* Measured, weighi ng the sand caught in down-drift hoppers. 



TABLE 10 

LABORATORY DATA (SHAY AND JOHNSON) 

m ::: 1:10 (5.75°) C1. ::: 30° Md = 0.30 mm. S ::: 2.69 SHORT BEACl-j g r 

TransEort Rate* Water 
T H' H d C1.b V 

Quantitl: 9. Temp. 0 3 
10 Count (sec) (ft) (ft) (ft) (degrees ) (ft/sec) 1bs/hr yds /day (degrees F) 

30-1 82 0.76 0.192 0.191 1.700 8.5 1.10 72.9 .62 69.0 
30-2 83 0.76 0.194 0.192 1.600 10.2 1. 06 60.4 .51 75.0 
30-3 84 0.86 0.178 0.173 1. 601 14.5 1. 22 142.0 1. 21 72.0 
30-4 85 0.86 0.202 0.196 1.600 10.0 1.14 190.0 1. 61 78.5 
30-5 86 0.86 0. 204 0.198 1.600 1. 26 165. 0 1 .40 70.,5 
30-7 87 1. 00 0 . 178 0,168 1.700 12.5 1.38 377 .0 3. 20 69.5 
30-8 88 1. 00 0.197 0.186 1.699 19.0 1.19 315.0 2.68 68.5 

I'\) 
30-10 89 1.15 0. 148 0.135 1.700 11. 0 0.71 218.0 1.85 76.0 m 
30-12 90 1.15 0. 162 0 .147 1. 701 i6.0 0. 94 300.0 2.55 67.0 
30-11 91 1. 25 0. 140 0.125 1. 700 10.5 0.60 187.0 1.59 70 .0 
30-13 92 1. 25 0.127 0.113 1. 700 7.0 0.61 195,0 1. 66 6 .5 

* Measured, weighing the sand caught in down-drift hoppers. 



TABLE 11 

LABORATORY DATA (SHAY AND JOHNSON ) 

m = 1:10 (5.75°) tXg = 40° Md = 0.30 mm. Sr = 2.69 

Trans Eort Rate* 
Water 

T Ho H d tXb V 
Quant ity Q Temp. 3 ID Count (sec) (ft) (ft) (ft) .. (degrees) (ft/sec ) 1bs/hr yds /day (degrees F) 

40-1 93 0.76 0.189 0.1 86 1.600 21.5 1. 07 11 2 .95 74.0 
40-2 94 0. 76 0.188 0.1 85 1.599 20.5 1. 12 102 . 87 65.5 
40-3 95 0 . 76 0.189 0.186 1. 601 14.0 1.19 130 1.10 71.5 
40-4 96 0. 86 0.173 0.168 1.600 18.0 1.14 202 1.72 66.0 
40-6 97 0. 86 0.20 2 0 .195 1.600 1. 29 155 1. 32 68.0 
40- 7 98 0. 86 0.176 0.171 1.599 25.0 1. 37 120 1. 02 76.0 
40-8 99 0. 86 0.189 0.184 1.600 20.5 1. 22 154 1. 31 69.0 

N 40-14 100 0. 93 0 . 176 0.168 1.700 12.5 1. 39 243 2.06 74.0 
U) 40-9 101 1. 00 0.178 0.165 1.600 1. 07 166 1. 41 75 . 0 

40-10 102 1. 00 0.196 0.183 1.699 19.5 1. 52 278 2 .36 72.0 
40-11 103 1.00 0.197 0.184 1.701 14.5 1. 34 241 2.05 78.5 
40-12 104 1. OS 0.166 0.15 2 1.700 18.0 1. 32 197 1.67 75.5 
40 -13 105 1. 05 0. 168 0.155 1. 701 18.0 1. 34 206 1. 75 80.5 
40-15 106 1.15 0. 165 0.148 1.700 1. 09 201 1. 71 73.5 
40- 16 107 1.15 0.149 0.133 1. 700 26.5 1.17 205 1. 75 78.5 
40-17 108 1.25 0. 126 0.111 1.700 0.74 137 1.16 72.0 
40-18 109 1.25 0.119 0.104 1.699 0.67 144 1. 22 76.5 

* Measured, weighing t he sand caught in down- dr ift hopper. 



TABLE 12 

LABORATORY OAT (SHAY AND JOHNSON) 

m 1: 10 (5.75°) a. = g 50° Md = 0. 30 mm. Sr = 2.69 

TransEort Rate* Water 
T Ho H d a.b V Quant i t l. Q Temp. 3 ID Count (sec) (ft) (ft) (ft) (degrees ) (£t /sec) 1bs/hr yds /day (degrees F) 

50-3 110 0.76 0.200 0.197 1.600 35.0 0.85 67.3 .57 70.5 
50-11 III 0.76 0.199 0.196 1.601 0.94 48.6 .41 59.0 
50-12 112 0.76 0.189 0.185 1.601 26.5 0.88 56.8 .48 63.0 
50-4 113 0.86 0.199 0.192 1.600 l. IS 86.5 .73 65.5 
50-5 114 0.86 0.177 0.170 1.600 l. 14 134 .0 1.14 70.0 
50-13 115 0.86 0.180 0.173 1.600 24.0 1.16 113.0 .96 67.0 
50- IS 116 0.86 0.190 0.183 1.599 31.0 1. 24 141.0 1. 20 68 .5 
50- 7 117 1. 00 0.173 0.159 1.600 30.0 0.82 142. 0 1. 20 60.S 

OJ 50-8 118 1.00 0.165 0.151 1.599 25.5 0. 76 148.0 1. 26 61.5 0 
50-9 119 1.00 0.168 0.155 1. 600 26 .5 0. 92 177.0 1.50 59.S 
50-10 120 1.14 0.134 0.115 1.600 15 .5 0.64 72. 0 61 6l. 5 
50-14 121 1.14 0 . 138 0.119 1.600 0.78 127. 5 1. 08 73.5 
50-16 122 1. 25 0.131 0.110 1.598 15.8 0.51 91.0 .77 
50- 17 123 1. 25 0.171 0.106 1.600 20.0 0.54 90. 0 .76 7l.5 

* Measured, weighing the sand caught in down-drift hopper. 



TABLE 13 

LABORATORY DATA (SAUVAGE NO VINCENT) 

J = 0.49 ft. ex g 
150 S = 10 0 (assumed) 

T Transl>oYt Rate* 

(sec) Ho I-Id Quantity Q 
S 3 ID Count com,euted (ft. ) (mm) r litre/min l::ds /dal:: 

1 124 0.94 0.047 1.0 1.1 1. 05 1. 98 
2 125 0.94 0.054 1.0 1.1 1. 35 2.52 
3 126 0.94 0.073 1.0 1.1 2.35 4.35 
4 127 0.94 0.076 1.0 1.1 3.10 5.76 
5 128 0.94 0.091 1.0 1.1 3.60 6.66 
6 129 0.94 0.095 1.0 1.1 4.50 8.31 

01 7 130 0.94 0.035 1.5 , .. 0.31 0.576 .1 .... 

8 131 0.94 0.074 l,5 1.4 l. 45 2.69 
9 132 0.94 0.088 1.5 1.4 1. 70 3.14 

10 133 0.94 0.088 1.5 1.4 2.10 3.90 
11 134 0.94 0.105 1.5 1.4 2.80 5.18 
12 135 0.94 0.110 1.5 1.4 3.10 5.76 
13 136 0.94 0.113 1.5 1.4 3.80 7.05 
14 137 0.94 0.146 1.5 1.4 5.40 10.0 
15 138 0.94 0.105 0.5 2.6 0.30 0.576 
16 139 0.94 0.152 0.5 2.6 0.65 1.22 
17 140 0.94 0.179 0.5 2.6 0.90 1. 70 

* Measured, collecting material at the down-beach end. 
Quantities derived from Figure 5 in Sauvage and Vincent (1954) 



TABLE 14 

__ v_a_r_ia_b_1_e __ P_e_r_i_o_u __ T_e_s_ts ___________ L_A_BO_R_A_T_O_R_Y __ D_A_T_A __ (_SA_V_A_G_-E_~_A_N_JD __ F_A_I_R_Cr_l_IL_D_) ___ u~g~= __ 3_0_o __ d ____ 2~/_3_3 ___ S_r ___ 2/65 

ID 

1-58 

2 .58 

T 
Count (sec) 

141 1. 30 
1. 50 
1. 75 

142 1. 30 
1. 50 
1. 76 

2a-59 143 2.50 
3. 00 
3.75 

3a-S9 144 

4a-59 145 

1-59 146 

2.50 
3.00 
3.75 

1. 94 
~ . 18 
2.50 

1. 30 
1. 50 
1. 76 

e 
c 

( in) 
H 
(ft ) 

1.00 .216 
.1 76 
.141 

1.00 .216 
.176 
-:T4T 

2.35 .246 
. 192 
.140 

2.35 .246 
.192 
.140 

1.75 .240 
.210 
.180 

m 
v 

(ft/sec ) 

.05 .73 
.55, .61 

.46 

.05 .74 
.56, .64 

. 46 

.10 .71 
, 75, . n 

.17 

.10 .86 
.44, .42 

. 29 

.10 1.14 
.89, .89 

. 60 

1. 00 .216 Comp o 
.1 76 Slope 
-:T4T "' 0.03 

.76 
.5 7,.67 

.46 

Transport Rate 
Q Duration of 

yds 3/day test (h rs ) 

2.65 60 

2.09 70 

13.20 80 

13.54 50 

18. 38 50 

1. 93 25 

Special setup changes 

No groin; no sand fed on feeder 
beach after 35 hours. T changed 
at I S-minute intervals. Beach 
length 95 feet at SWL 

No gr oin; feeder beach main
tained en tire test. Same beach 
length as In 1-58 . 

Upbeach training wall curved 
for wave r frac tion, T = 3.0 
s cond s , bach length 98 feet 
at SWL. 

Beach le~gth reduced to 30 feet 
along SWL, other conditions 
same as 2a-59 . 

Updrift training wall recurved 
for wave refraction, T = 2.18 
seconds, other conditions same 
as 3a-59 

Portion of downbeach traInIng 
wall from carriage rail to toe 
of slope at its downdrift limit 
removed beach l eng t h 98 f eet 
at Sl'IL. 



TABLE 14 (Cont inu ed ) 

Transj20rt Rate 
e T c H V Q Duration of 

ID Count (s ec) (in) (ft) m (ft/sec) yds 3/ day te s t (hr s ) Special Setup Changes 

2-59 14 7 l. 30 l. 00 .2 16 Compo . 71 2 .45 32 DOh'ndrift training wall 
Ph. I l. 50 .1 76 Slope .50,58 completel y removed. Same 

l. 76 . 141 0.03 .50 beach l ength a s in 1-59 . 

2- 59 148 2.50 2.35 .246 Slope at .54 3.59 80 No downdrift training 
Ph. II 3.00 .192 er,d of .38, .45 wall as in Phase 1. Same 

3.75 .140 Ph. I . 26 beach lenp.th as 2-59 . 

3-59 149 2.50 2.35 .246 .05 .69 13.20 75 Updrift training wall 
3.00 . 19 2 . 41, .42 curved for wave refraction . 
3.75 .1 40 .20 T=3.0 SeC. No downdrift 

training wall. Same 
u.I beach length in 2-SQ , (.N as 

1-60 ISO l. 94 l. 75 .240 .10 .94 19.92 50 Downdrift training wall 
2.18 .210 .73, .95 installed and curved for 
2.50 .180 . 48 more refraction . T=2.l8 

sec. Beach length 30 feet 
at SWL. 

2-60 151 1. 94 3.50 .490 .10 l. 62 56 .20 26 No change from test 1- 60 
2.18 .4 20 l. 28,1.15 except wave height. 
2.50 . 365 l. 03 

3-60 152 2.50 2 . 35 .246 .10 . 82 17 .20 27 Additional second s and trap 
3.00 .192 .52 , .46 11 feet downdrift of primary 
3. 75 .140 .45 trap . Beach l ength 43 feet 

at Sh'L . 

4-60 15 3 l. 94 5.00 .750 .10 2.01 80.03 25 Test run at ma ximum wave 
2 .1 8 .614 l.89,l.83 height for generators for 
2 .50 .530 l. 59 period as shown. Beach 

length 30 feet at SWL 



TABLE 14 (Continued) 

Transport Rate 
T e 

H V Q Duration of c 
ID Count (sec) (in) (ft) m (ft/sec) yds3jda)" test (hrs) Special Setup Changes 

5-60 154 2.50 4.70 .495 .10 1.71 132.80 26 Conditions same as in 3-60 
3.00 .422 1.54,1.68 except for i no'eased wave 
3.75 .342 1. 58 height. 

6-60 155 1. 94 2.50 .344 .10 Rejected 39.83 50 To test intermediate wave 
2.18 .300 height between 1-60 and 
2.50 .250 2- 60. Beach length 30 

feet at SWL. 

7-60 156 1. 25 1. 50 .341 2.33 8.11 50 Test at maximum wave 
1. 36 .320 3.14,2.53 height and minimum period 
1. 50 .290 3.27 f or generators. Beach 

0.1 lengt h 30 f eet at SWL. 
.t-

1-61 157 2.50 2.35 .246 .10 .83 18.63 50 Period changed at 5-minute 
3.00 .192 .50,.49 instead of 15-minute in -
3.75 .140 .48 tervals. Cycl e length 20 

minutes. Beach length 38 
feet at SWL. 

2-61 158 2.50 2.35 .246 .10 .59 19.56 50 Period changed at I-minute 
3.00 . 192 .42, .42 intervals . Cycle length 
3.75 .140 .41 4 minutes. Beach length 

30 feet at SlVL. 

5-61 159 3.75 2.35 .140 .10 Rejected 19.70 50 Continuously variable wave 
2.00 .192 period. Cycle length 1 min. 
2.50 .246 Eeach length 30 ft. at Sl'!L. 

8-62 160 1.30 0.94 .202 .10 1. 06 6.08 30 Fea s ih i 1 ity test of radia-
l. 50 .172 .76,.83 active sand tracer. F1uo-
1. 76 .140 . 60 r escent tracer also used . 



TABLE 15 

LABOR ' ORY DATA (SAVAGE AND FAIRCHILD) 
Constant Period Test 

e Trans120rt Rate 
T c I-J V Q Duration of 

ID Count (sec) (in) (ft) m (ft /sec ) yds 3/day test (hrs) S12ecial setur changes 

4-59 161 3.00 2.35 .192 0.05 .28 9.52 50 Updri f t training wall curved 
for refraction. Beach length 
at SWL, 98 feet (South Sector) 

5-59 162 3.75 2.35 .140 .05 .23 6.15 50 Same as 4-59 

6-59 163 2.50 2.35 .246 .05 .72 7.62 50 Same as 4-59 

3-61 16 3.00 2.35 .192 .10 .15 8.0.3 50 Comparison with 4-59. 
Beach length 30 feet 
(Nort h Sector) 

6-61 165 2.50 2.35 .246 .10 .59 27.94 50 Compar ison w"t h 6-59. Beach 
'-'" l ength 30 f et (North Sector) 
01 

7-61 166 3.75 2.35 .140 .10 .33 2.26 50 Comparison with 5-59. Beach 
length 30 feet (North Sector) 

1-62 167 3.75 2.35 .140 .10 .91 5.99 50 Test of effect of sand 
feeder elevation on sand 
feeding rate. Feeder mouth 
tangent to, landward of, 
and 0.2 feet above SWL. 
Beach length 35 feet 
(North Sector) 

2-62 168 3.75 2.35 .140 .10 1. 31 5.12 25 Same as 1-62, except feeder 
el evation I,as 0.1 foot above 
SWL. Beach length 35 feet 
(North Sector) 



TABLE 15 (Cont inued) 

TransEort Rate e 
T c H V Q Duration of 

10 Count (s ec) (in) (ft) IT! (ft/sec) Yds 3jday test (hrs) SEecial setup changes 

3-G2 169 3.75 2.35 .140 .10 .88 4.77 25 Same as 1-62 except feeder 
\oJas at SWL. Beach length 
35 feet (North Sector) 

4-62 170 3.75 2.35 .140 .10 .59 2.88 25 To investigate effects of 
extraneous (may be trans-
verse) wave effects on 
.... 'ave height variability 
and other test results. 
Beach length 35 feet 
(North Sector) 

VI 6-62 171 l. 50 .9~ .172 .10 .84 7.23 48 Feasibility test of radio-
en active tracer; also fluo-

rescent tracer. Beach 
length 35 feet (North 
Sector) 

1-64 17 ') , ~ 3.75 2.35 .140 .10 .S9 5.43 50 Space between updrift and 
dO\,ndrift training walls 
div ided into 8 flumes, 
each 5 feet "fide, to test 
effect on wave-height 
variability and littoral 
transport rate . Be ach 
length 40 feet (No. Sector) 

1-65 173 3.75 2.35 .140 .10 .38 5.49 40 All training walls and 
spli tter walls removed. 
Rubble abs orber placed 
around test area. 



e 
T c H 

ID Coun t ( se c) (i n) (ft ) m 

2-66 174 2.18 2.35 .288 .10 

TABLE 15 (Continued) 

Transport Rate 
V Q Duration of 

(ft/sec) Yds 3/day t est (hrs) Spec ial s e tup changes 

1. 09 39.94 25 Same as 1-65; to compare 
diffraction effects for 
shorter periods to those 
observed in 1-65; to con
tinue real and temporal 
measurements and observa
tions of wave-hei ght 
variability; and to compare 
general results (including 
litt or al transport and sand 
f eed ) in "Ullen basin test 
area" to similar wave con
dition results in previous 
tests where training and/or 
splitter walls and baffles 
were used. Test 1-66 and 
2-66 are practically one 
test, namely, test 2-66. 
The only difference is that 
the sand feeder, as initially 
positioned for test 1-66 was 
moved updrift about 4.8 feet 
at the end of test 1-66 and 
before starting test 2-66. 
Beach length 40 feet at SWL. 



Count 

3-66 175 

T 
(sec) 

1. 25 

e 
c 

(in) 

2.00 

H 
(ft) 

.480 

m 

.10 

TABLE 15 (Continued) 

v 
(ft/sec) 

1.41 

Transport Rate 
Q Duration of 

Yds 3jday test (hrs) Special setup changes 

9.18 50 Only major changes were in 
wave period and height; 
readout quantities of sand 
pumped by eductor in test 
operation wave made on a 
radiation-sensing-mass 
flow-device for comparison 
to mass quantities of sand 
pumped and measured inde
pendently using the stand
ard test method of weighing 
submerged with a dynamometer 
type scale. Beach length 
40 feet at SWL. 



TABLE 16 

LABORATORY DATA (VnCE AND TO~1LINSON) 

Initial Beach Slope 1:17 Hd = 0.80 mm. Sr = 1.35 Crushed Coal 

Ho Transport Rate* 

T H (ft) d a Q g 3 
10 Count (sec) (ft) computed (ft) (degrees) yd /day 

PRT 176 1. 146 0.188 0.194 1.0 5 6.95 

PRT 177 1. 15 0.208 0.228 1.0 5 7.8 

Measured in traps at do~ndrift end of ~ave tank. 

39 



TABLE 17 

WAVE DATA, PAlJ.1 BEACH PIER, SOUTH LAKE WORTH INLET, FLORIDA (WATTS) 

Time of T H 0. Time of T 1-[ 0. 

Date Start (s ec) Cft) (degrees) Date Start (sec) Cft ) (degrees) 

ivlar 7 0000 18.2 0.6 S l3.8 ivlar 11 0000 11.0 1.6 N 22 

0400 16.0 0.7 S l3.8 0400 8.1 1.6 N 26 

0800 17.3 0.7 S 13.8 0800 6.8 2.0 N 26 

1200 16.7 0.9 S 9.7 1200 6.7 1.6 N 18 

1600 18.0 1.0 S 9.7 1600 6.4 0.9 N 18 

2000 5.0 1.2 S 13 2000 (). 1 0.6 N 16 

ivlar 8 0000 5.6 1.5 S 16 ivlar 12 0000 7.0 0.7 N 16 

0400 6.5 1.0 5 19 0400 6,4 O_S N 14 

0800 8.0 1.1 S 19 0800 6.2 0.6 N 14 

1200 8.7 1.0 S 19 1200 6.0 0.5 N 12 
.::. 1600 6.5 1.5 S 19 1600 10.2 0.4 N 12 
0 

2000 9.4 1.7 S IS 2000 9.3 0.4 N 15 

Mar 9 0000 9.4 1.9 S 11 i'-1ar 13 0000 12.0 0.4 N 18 

0400 9.4 1.7 S 7 0400 12.0 0.4 N 21 

0800 CAl.N - - - - - 0800 12.0 0.4 N 21 

1200 12.8 1.4 S 21 1200 5.0 0.8 N21 

1600 15.0 1.3 S 21 1600 4.5 0.9 N 21 

2000 12.0 1.6 S 11 2000 4.5 0.5 N 21 

ivlar 10 0000 12.5 1.8 S 1 ~1ar 14 0000 3.5 0.3 N 21 

0400 11.4 2.0 N 9 0400 8.2 0.3 N 21 

0800 12.8 1.5 N 9 0800 N 21 

1200 6.0 2.5 N 12 1200 3.5 N 19 

1600 6.9 2.2 N 15 1600 3.8 N 19 

2000 7.0 1.9 N 18 2000 6.2 0.6 N 18 



TABLE 17 (Continued) 

Time of T H a Time of T H a. 

Date Start (sec) (ft ) (degrees) Date Start (sec) (ft) (degrees) 

~lar 15 0000 5.9 0.6 N 17 ~lar 19 0000 5.1 1.4 N 12 
0400 6.9 0.3 N 17 0400 5.4 1.4 N IS 
0800 3.7 N 17 0800 4.4 0.9 N IS 
1200 4.0 0.4 N 10 1200 5.9 1.1 N 20 
1600 4.0 0.6 0 1600 5.4 0.7 N 20 
2000 10.5 0.3 S 10 2000 5.5 0.5 N 19 

;'!ar 16 0000 10.6 0.3 S 20 ~!ar 20 0000 9.9 0.3 N 18 
0400 5.8 0.4 S 27 0400 4.8 0.5 N 17 
0800 8.5 0.6 S 27 0800 8.2 0.3 N 16 
1200 9.2 0.7 S 23 1200 6.0 N IS 

~ 1600 7.6 1.1 S 23 1600 8.7 N IS 
2000 9.7 0.6 S 30 2000 7.5 N IS 

~!ar 17 0000 10.3 1.1 S 37 t·!ar 21 0000 . 4.0 1.0 N 14 
0400 10.3 0.4 S 45 0400 4.6 1.0 N 14 
0800 10.3 0.9 S 45 0800 4.3 1.4 N 14 
1200 7.0 0.6 S 41 1200 4.4 1.1 N 19 
1600 9.7 0.7 S 41 1600 12.6 0.7 N 19 
2000 9.5 0.8 S 26 2000 5.5 1.8 N 19 

~!ar 18 0000 8.6 0.6 S 11 1vlar 22 0000 5.1 1.6 N 22 
0400 9.7 0.9 N 3 0400 5.1 2.0 N 22 
0800 10.7 0.9 N 3 0800 5.1 1.5 N 22 

1200 10.7 1.6 N 6 1200 4.3 1.4 N 23 
1600 5.0 1.7 N 6 1600 4.2 0.9 N 23 
2000 11. 1 1.1 l\ 19 2000 4.4 1.0 N 23 



TABLE 17 (Continued) 

Time of T H (). Time of T H a 

Date Start (sec) (ft) (degrees) Date Start (s ec) (ft) (degrees) 

Mar 23 0000 4.2 0.9 N 24 Mar 27 0000 9.1 1.5 N 12 
0400 5.3 0.9 N 24 0400 9.5 1.1 N 11 

0800 4.3 1.0 N 30 0800 10.0 0.8 N 11 

1200 4.5 1.3 N 26 1200 9.3 0.8 N 4 
1600 4.5 1.1 N 26 1600 9.0 0.8 N 4 
2000 4.4 0.9 N 23 2000 9 . 4 0.8 

Mar 24 0000 4.4 0.8 N 20 Mar 28 0000 7 .7 0.6 
0400 4 . 4 1.1 N 16 0400 10.1 0.6 S 4 

0800 4. 7 1.1 N 33 0800 8.2 0.7 S 4 

1200 5.2 1.0 N 27 1200 7 .5 0 . 8 S 8 

1600 7.3 O.S r-i 7 1 1600 7 , ( 0.9 S 8 .. ~ 
~ 2000 5.8 0.6 N 20 2000 9.0 0.7 S 12 
J'\) 

tvlar 25 0000 6.6 0.4 N 18 ~Iar 29 0000 8.0 0.5 S 12 

0400 N 16 0400 10.0 0.6 S 17 

0800 11. 2 0.6 N 16 0800 10.0 0.9 S 17 

1200 6.9 0.7 N 18 1200 12.3 1.0 S 16 

1600 7.7 0.5 N 18 1600 14.0 1.1 S 16 

2000 8.5 0.5 N 22 2000 10.4 l.0 S 10 

~Iar 26 0000 10.0 0.7 N 26 /Vlar 30 0000 10.0 0.8 S 4 

0400 9.2 0.8 N 19 0400 N 3 

0800 9.0 0.9 N 19 0800 5.7 l.8 t< 3 

1200 9.4 0.6 N 16 1200 7.0 1.4 S 10 

1600 5.9 1.0 N 16 1600 7. 0 1.4 S 10 

2000 9.6 1.4 N 14 2000 7.3 1.7 S 6 



T BLE 17 (Cont inw?t.l) 

lime of T Ii Ci Time of 1 I I ex 
Dat e Start (sec) (ft ) ( degr€~ Date Start (sec) (ft) (degrees) 

~Ia r 31 0000 10. 2 1. 2 S 2 Apr 4 0000 15 . 0 0.7 N 17 
OWO 5.9 2 .1 N 3 0400 16.0 0.6 N 21 
0800 16. 6 1.2 N 3 0800 3 .9 0 .9 N 21 
1200 N 2 1200 15 .0 0.7 N 21 
1600 I 2 1600 4. 5 0.5 N 21 
2000 N 5 2000 4.1 0.5 N 17 

Apr 1 0000 N 8 Apr 5 0000 13.5 0 . 5 N 13 
0400 N 11 0400 14. 5 0 . 3 N 9 
0800 N 11 08 00 14 . S 0.3 N 5 
1200 N 14 12 00 14.5 0 . 2 N 1 
1600 N 14 1600 13.5 0.2 S 3 

.:. 200(1 N 11 2000 14. 0 0. 2 S "7 va 

,\ pr '") 0000 N S . pr "- 0000 L " 0 . 3 S 11 '- u \..J . U 

400 N 5 0400 6 . 7 0.5 S 14 
0800 16.0 0.7 N 5 0800 7 .0 0 .6 S 14 
1200 15.0 0 . .:1 N 7 1200 8 .1 0.6 S 1 ~) 
1600 16 .u 0 .7 N 7 1600 8 . 3 0.6 S 19 
2000 16. 0 0 .4 N 9 2000 8 .0 0.5 S 19 

Apr 3 0000 16.5 O. S N 9 pr 7 0000 7 . 7 0.4 S 19 
040 0 16 .0 0.5 N 11 0400 S 20 
0800 15 .0 0.8 N 11 0800 7 . 7 0.5 S 20 
12 00 15.0 0 . 8 N 14 1200 8.5 0.5 S 20 
1600 16.5 0.4 N 14 1600 7 .S 0 . 5 S 20 
2000 15.0 0 .5 N 17 2000 7 . 2 0 . 8 S 12 



T BLE 17 C ntinued) 

Time of T J-I 0. Time of T H 0. 

Date Start (sec) (ft) (degrees) Date Start (sec) (ft) (degrees) 

Ppr 8 0000 8.2 0.5 S 12 Apr 12 0000 5.0 1.5 N 9 
0400 10.2 0.4 S 3 0400 5.0 2.0 N 12 
0800 10.5 0.7 S 3 0800 5.8 1.S N 12 
1200 7.4 0.9 S 10 1200 6.4 1.3 N 4 
1600 6.9 0.6 S 10 1600 6.5 0.9 N 4 
2000 10.5 0.7 0 2000 5.0 1.3 i'\ 11 

Apr 9 0000 17.5 0.6 0 Apr 13 0000 5.6 2. 1 N 18 
0400 18.5 0.5 N 9 0400 6.4 1.6 N 26 
0800 4.9 0.8 N 9 0800 4.9 1.7 N 26 
1200 6.S O.n N 10 l700 5,2 1.2 N 19 

~ 1600 6.2 0.7 N 10 1600 4.9 0.9 N 19 
~ 2000 r ., 

.;) .... 1.3 N 10 2000 4.6 1.1 N 22 

Apr 10 0000 5.5 1.3 N 10 Apr 14 0000 4.9 1.5 N 25 
0400 5.6 1.2 N 10 0400 .s.3 l.5 ~I . , 29 
0800 5.8 1.1 N 10 0800 5.2 1.0 N 29 
1200 S.l 1.0 N 10 1200 S.S 0.6 N 28 
1600 4.7 1.3 N 10 16 00 6.0 0.4 N 28 
2000 5.4 2.0 t\ 9 2000 6.1 0.2 N 21 

Apr 11 0000 6.9 1.4 N 7 . p r 15 0000 6.4 0.2 N 14 
0400 6.1 2.0 N 5 0400 7.0 0.3 N 7 
0800 5.4 1.9 N 5 0800 7.0 O.S 
1200 5.3 1.1 N 4 1200 S 8 
1600 8.2 0.8 N 4 1600 S 8 
2000 4.9 2.1 N 6 2000 S 14 



TABLE 17 (Continued 

Time of T H Ci Time of T l-j IJ. 

Date Start (sec) (ft) (degrees) Date Start (sec) (ft) (degrees) 

Apr 16 0000 S 21 Apr 20 0000 4.2 0.9 }; 1 
0400 6.8 0.4 S 28 0400 4.1 0.9 
0800 8.0 0.4 S 28 0800 4.3 0.8 
1200 8. 1 1.0 S 28 1200 4.5 0.7 N 1 
1600 7.7 1.0 S 28 1600 4.7 1.0 N 1 
2000 7.0 0.7 S 29 2000 4.5 1.3 

Apr 17 0000 8.0 0.9 S 29 Apr 21 0000 5.0 1.1 
0400 8.9 0.6 S 29 0400 4.8 1.4 S 1 
0800 7.6 0.9 S 29 0800 4.1 0.9 S 1 
1200 9.2 1.2 S 31 1200 4.2 0.7 N 4 

.:.. 1600 8.5 1.1 S 31 1600 4.1 0.9 N 4 UI 
2000 9.3 1.1 S 29 . 2000 5.3 1.5 N 4 

Apr 18 0000 8.0 1.1 S 29 Apr 22 0000 5.0 1.3 N 4 
0400 9.0 1.3 S 26 0400 5.1 1.7 }; 4 
0800 10.0 1.0 S 26 0800 5.3 1.6 N 4 
1200 8.8 1.1 S 21 1200 5.1 0.9 N 5 
1600 5.0 0.8 S 21 1600 5.3 1.4 N 5 
2000 4.8 0.9 S 17 2000 N 8 

Apr 19 0000 8.4 0.7 S 13 Apr 23 0000 N 8 
0400 '9.6 0.7 S 10 0400 N 11 
0800 8.2 0.4 (' 10 0800 N 11 '-' 

1200 4.2 1.0 N 1 1200 N 10 
1600 4.3 0.8 N 1 1600 N 10 
2000 4.3 0.9 N 1 2000 N 14 



TABLE 17 (Continued ) 

lime of T II Ci. Time of T H a 

Date Start (sec) (ft) (degrees) Date Start (sec) (ft) (degrees) 

Apr 24 0000 5.0 1.1 N 1 'I Apr 28 0000 6.0 n 6 

0400 4.4 1.0 N 17 0400 7.0 0.3 N 3 

OSOO S.7 0.8 N 17 OSOO 6.5 
1200 1\ 5 1200 ./ . 3 S 3 

1600 N 5 1600 8.S S 6 

2000 N 2 2000 . 7.8 0 . 5 S 10 

Apr 25 0000 N ) Apr 2::.1 0000 8.5 0.4 S 14 t. 

0400 S 
., 0400 8.9 0.4 S 18 <-

OSOO S 2 0800 7.3 0.4 S 18 

1200 N ") 1200 /.8 0.4 S 22 <-

16UU N 2 160U 9.0 S 22 
~ 2000 N 10 20 0 7.8 0.4 S 26 
en 

Apr 26 0000 N 18 r pr 30 0000 6.8 S 26 

0400 N 27 04 00 7.0 S 30 

0800 N 27 0800 6.6 0.5 S :S O 

1200 N 30 1200 6.7 0.8 S 33 

1600 30 1600 6.6 0.8 S 33 

2000 N 27 2000 8.5 0.6 S 31 

Apr 27 OUOO N 24 r.la }' 1 0000 7.1 o n S 31 • v 

0400 N 21 0400 8.2 O.S S 29 

OSOO 10.5 N ~8 0800 7 . ~~ O.S S CJ 

1200 7.0 N 15 1200 8 .5 0.6 S 27 

1600 10.0 N 12 1600 8 .1 0.7 S 27 

2000 6.0 N 9 2000 S.7 0.7 S 20 



TABLE 17 (C o tinuE:d) 

Time o f T II Ci. Time of T II 0: 

Date Star t ( sec) eft) (d egr e es) Date Start (s ec) Cft) (degr es) 

la 2 0000 8.5 0.4 S 13 Mar G 0000 9.3 1\ 19 
0400 0 .4 0.5 S 6 0400 9.3 N 22 
o 00 3.8 0.7 S 6 0800 8.7 N 22 
12 0 3.6 0.8 N 6 1200 8.3 P< :21 
1600 9.1 0.4 N 6 1600 9.7 N 21 
2000 8.4 0.3 N 3 2000 8. 7 N 2] 

f>.lay -~ 0000 8.5 0.3 N 3 ~lay 
.., 0000 9.3 N22 I 

0400 9 .4 0 .4 0400 8 . 7 3 
08 00 6.6 08 0 10 .0 N 33 

~ 
1200 7 .4 N 4 L. OO 1Ll.O 40 

-..I 1600 B.8 N 4 1600 3.0 I 40 
2000 9.2 N 6 2000 8 .7 N 39 

May 4 0000 9.0 N 6 ~lay 8 0000 11. 0 N 39 
0400 10.0 N 8 0400 10.0 N 38 
0800 9.6 N 8 0800 10.0 N 38 
1200 9 . 2 N 10 1200 10.1 N 36 
1600 7. ,[ N 10 1600 3.7 N 36 
2000 8 .5 N 12 2000 4.0 0.9 N 35 

May 5 0000 8 .8 N 12 May 9 0000 12.0 0.3 N 35 
0400 9.0 N 14 0400 10.0 N 33 
0800 8.S N 14 0800 12.0 0 . 3 N .33 
1200 8 .7 N 16 1200 12.0 N 32 
1600 9.0 N 16 1600 10.7 0.3 N 32 
2000 9 .0 N 19 2000 10.0 0.4 N 32 



TABLE 17 (Continued) 

Time of T H 0: Time of 1 H Cf. 

Date Start (sec) (ft) (degrees) Date Start (sec) (ft) (degrees) 

~lay 10 0000 10.5 0.3 N 32 ~Iay 14 0000 4.8 0.6 S 27 

0400 9.0 0.3 N 32 0400 5.6 0.6 S 24 

0800 9.3 N 32 0800 6.0 0.3 S 24 

1200 3.6 0.7 N 32 1200 6.3 1.0 S 5 

1600 3.5 N 32 1600 5.1 1.0 S 5 
2000 3.3 N 29 2000 5.3 1.0 S 4 

~Iay 11 0000 3.6 N 26 I-Iay 15 0000 4.6 1.0 S 4 

0400 :3.1 N 23 0400 8.3 0.9 S 2 

0800 3.9 N 23 0800 4.6 0.9 S 2 

1200 3.6 N 32 1200 5.2 1.1 S 1 

~ 1600 4.8 0.6 i\ 32 1600 7.3 0.6 S 1 
CD 2000 4.3 O.S N 5 2000 7 .7 0.5 S 1 

~Iay 12 0000 5.4 0.4 S ,.,,., I-lay 16 0000 7.8 0.5 S 1 "-<-

0400 5.0 0.5 S 49 0400 6.7 0.6 S 2 

0800 7.2 0.6 S 49 0800 4.3 0.8 S 2 

1200 7.0 0.9 S 45 1200 4.3 0.9 0 

1600 7.0 1.0 S 45 1600 3.9 1.1 0 

2000 5.7 0.8 S 42 2000 4.1 1.2 N 3 

I-Iay 13 0000 4.5 0.6 S 42 I-lay 17 0000 4.5 0.7 N 3 

0400 5.0 0.5 S 39 0400 4.8 1.0 N 6 

0800 5.4 0.6 S 39 0800 4.4 1.1 N 6 

1200 6.2 0.6 S 33 1200 4.1 1.0 N 6 

1600 5.2 0.6 S 33 1600 3.7 0.7 N 6 

2000 4.9 0.5 S 30 2000 3.8 0.7 N 7 



TABLE 17 (Cont i nued ) 

Time of T J-I « Time of T H 0: 

Date Start (sec) (ft) (degrees) Date Start (sec) (ft ) (degrees) 

tvlay 18 0000 3.5 0.6 N 8 ;"'lav "') <.. .. 0000 12.0 0.4 N 10 
0400 3 . 8 0.9 N 9 0400 12. 0 N 5 
0800 4.1 0.7 N 9 0800 4.1 N 5 
1200 3 . 8 0.7 N 2 1200 12.0 0.3 N 16 
1600 4.1 0. 7 N 2 1600 12.5 0.3 N 16 
2000 3.8 0.4 N 7 2000 14.0 0.5 N 14 

i'-lay 19 0000 3 . 7 0.7 N 12 ~lay 23 oono 8.0 N 14 
0400 4.2 0.6 N 18 Ll400 4 .0 N 11 
0800 4.3 0.6 N 18 0800 4.4 0 .6 N 11 
1200 4 .5 0.5 21 1200 13.0 0 .5 N 8 

~ 1600 4 . 4 0.6 N 1 1600 12 . 7 0.5 N 8 
CD 2000 3 .6 0.7 N 17 20 00 12 .5 0.5 N 7 

tvlay 20 0000 4.5 1.0 N 17 May 24 0000 4.3 0.7 N 7 
0400 5.0 0.8 N 13 0400 4.2 1.0 N 6 
0800 5.2 0.8 N 13 0800 5.3 0 .5 N 6 
1200 4.8 0 . / N 21 1200 4.2 0.8 N 2 
1600 13 .0 0.5 N 21 1600 4.6 0.5 N 2 
2000 12 .0 0.4 N 19 2000 4.0 0.8 N 4 

May 21 0000 14.0 0.4 N 19 ~la y 25 0000 4.8 1.<i N 4 
0400 14.0 0.5 N 16 0400 5. 1 1.0 N 6 
0800 14.0 N 16 0800 5.2 0.7 N 6 
1200 14.0 N 14 1200 5.0 0.7 N 10 
1600 14. 5 0.5 N 14 1600 47 0 .8 N 10 
2000 12 . 5 0.4 N 10 20 00 5 . 4 0.9 N 8 



TABLE 17 (Continued) 

Time of T tl u: Time of T l-! ('t. 

Date Start (sec) (ft) (degrees) Date Start ( s ec) (ft) (degrees) 

t-Iay 26 0000 5.6 1.2 N 8 May 30 0000 9.0 lJ. 3 S 20 

0400 6.6 0.8 N 6 0400 9.0 

08 00 5.0 0.9 N 6 0800 9.5 

1200 5.9 0.9 N 14 1200 9.5 

1600 5.4 0.8 N 14 1600 9.0 

2000 4.9 0.6 N 10 2000 9.8 

Ma y 27 0000 5.0 N 10 May 31 0000 9.0 

0400 6.0 N 6 0400 .... 7 
I . , 

0800 7.3 0.4 N 6 0800 9.0 

U1 
1200 5.6 0.8 N 2 1200 8.3 

0 1600 4.6 0.8 N 2 1600 9.U 

2000 4.7 0.7 S 5 2000 9.0 

May 28 0000 5.0 0. 7 S 5 Jun 1 0000 10.0 

0400 10.0 0.4 S 12 0400 9.5 

0800 8.7 S 12 0800 9.0 

1200 4.2 S 19 1200 9.0 

1600 5.0 0.7 S 19 1600 4.8 

2000 5.7 0.6 S 19 2000 9.5 

Hay 29 0000 4.8 Jun 2 0000 8.4 0.3 S 20 

0400 ,5.0 0400 8.8 0.3 S 20 

0800 3.8 0800 8.4 0.3 S 20 

1200 4.0 1200 8.3 0.3 S 20 

1600 8.7 0.3 S 20 1600 5.0 0.8 S 20 

2000 8.8 0.3 S 20 2000 7.6 0.4 S 20 



TABLE 17 (Cont inued) 

Time of T H a Time of T H 0: 

Date Start (sec) (ft) (degrees) Date Start (sec) (ft) (degrees) 

Jun :5 0000 6.7 0.5 S 14 June 8 0000 10.0 N 12 
0400 8.3 0.5 S 14 0400 9.5 N 12 
0800 6.7 S 14 0800 10.6 N 12 
1200 6.0 S 14 1200 5.0 N 12 
1600 5.5 0.8 S 14 1600 8.0 N 12 
2000 6.5 0.5 S 12 2000 8.3 N 13 

Jun 4 0000 4.6 S 12 June 9 0000 9.0 N 13 

0400 5.0 0.6 S 11 0400 10.7 N 14 

0800 8.2 0.4 S 11 0800 9.0 N 14 

1200 7.5 0.4 S 8 1200 7.0 N IS 
01 1600 3.3 S 8 1600 9.0 N 15 

2000 8.0 0.5 S 4 2000 9.0 N 11 

Jun 5 0000 10.0 0.4 S 4 cJune 10 0000 3.5 N 11 

0400 8.3 0.7 N 1 0400 8.0 N 7 

0800 8.0 N 1 0800 3, 3 l\ 7 

1200 8.7 0.4 N 1 1200 3.0 N 2 

1600 8.5 0.3 N 1 1600 3.4 N 2 

2000 9.5 0.3 N 1 2000 6.5 N 6 

Jun 7 0000 9.0 0.4 N 1 
0400 8.0 0.5 N 1 
0800 8.0 N 1 
1200 8.1 N 12 
1600 8.3 N 12 
2000 10.0 N 12 
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Dates 
1952 

Net Time 
(Days) 

TABLE 19 - WA E ENERGY AND LITTORAL DRIGT 
South Lake Worth Inlet (Watts, 1953) 

\~ave Energy 
Ft-lbs./ft . 
of \"ave Crest 
for Periods 
Indicated xl0 6 

Energy (ET) 
ft-lbs/day/ft 
of \,'ave 
Cre s t x 103 

~'laterial 

Pumped for 
Periods 
Indicated 
(Cu. Yds.) 

Computations Based on ~lonthly Data 

Mar 7 
to 31 24.23 25.26 1040 6600 

Apr 5 
to 30 25.17 19.67 780 5400 

May 1 
to 31 30.83 10.90 2;50 2360 

June 2 
to 11 9. 17 1. 70 185 526 

Nearshore 
Li ttora 1 
Drift (Q) 
(Cu. Yds. /Oa)'} 

272 

215 

76.5 

57 

Computations Based on Daily (0.3 to 4 days) Data 

Mar 7 
to 9 2.17 7.87 3620 1550 715 

16 to 
18 2 7.13 3560 657 328 

28 to 
30 2.17 3.94 18 20 874 402 

30 to 
31 0.5 2.25 4500 648 1296 

Apr 7 
to 8 1. 33 1. 48 1110 380 285 

16 to 
19 3.17 14.45 4560 1290 406 

Apr 30 
- Iviay 2 2 5.07 2535 686 343 

~1ay 12 
to 16 4.17 6.76 1620 1374 330 

27 to 
28 0.5 0.22 440 76 152 

28 to 
28 0.33 0.48 1440 76 228 

29 to 
30 0.5 0.20 400 114 228 

June 2 
to 3 1. 66 1. 40 840 228 137 
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TABLE 20 

WAVE DIRECTION f-RLQUENCIES 

6 ~Io rc h - 10 Jun:..: 1952 South Lake ~'orth Inlet (r:at t s. 1953) 

Period (sec) 0.0 3.0 ~.O 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 J4.0 IS.O 16.0 17.0 18.0 Totol Cumulati.ve 
2.9 3.9 4.9 5.9 G.9 7.9 b.9 9.9 10.9 11.9 12.9 13.9 14.9 15.9 J6.9 17.~ J8.9 Percent Percent 

Direction 
( :H i mllt h) 

0°_39 ' 
Ul 40 ' _59' 2 . 4 0.2 0.9 0.6 0.9 0.3 0.3 o , . &. J 6. I -to. . ~ 

60°. ;9° ~. 0 .7 ], 7 2.4 2 .6 5.3 1. 9 0 . <1 0 . 5 0 . 2 0.< 0. 2 0 . 2 0.2 1\1 .4 25.5 

8 0 °_9 9 " 2 • • 1 2.1 6.6 .j, 3 2 .4 3 . 3 Z. 9 ~ . ;! 2. J 0 .3 0.9 0.3 o " .1 0 .2 1 1 O . ~ 0.3 32 . 3 57 . 8 

lOO' -1 19 ' ~ . 4 2. 1 6.4 6.2 3.6 1. 1 3 . 1 3 . 6 1.6 0 .3 1. 6 0. :; 1.1 0.9 0 . , 35. 3 93.1 

120° _ 139 ' 2.J 0.9 0 .;' 0 . 3 0 . 2 I. () 0.2 o r . , 6. 9 100.0 

1400-1 ~9' 



Dates H. 'r.L . 

1952 
~Id~ S _ 0 __ 0 

3 ·7 
3· 21 
4· b .38 l. 3 1 
4 - " . 34 1. 18 
4- 2 
..... 5 0 :;6 I. 2S 
5 - 3 0 .3 1 I. IS 
, - I 0.32 LIE> 
~ -2 2 O .. ~4 I. 41 
a - 0 0.29 1.1 
loan 0033 

3- 7 
J · n 
4-10 
4- 21 
4- l 

S- S 0.50 1. 17 
5-8 0 . 4 8 I. 29 
5·IS 0.5 3 1. .2 2 

- 22 0 .45 I. 23 

6-1 U 0,5 0 I. 25 

Samplo ~~:....!. 

~~d S 
0 0 

3-7 0.33 1. 36 
j -2 1 0.52 1. SO 
4-22 0.47 I. 81 
4 -29 0.40 l. 38 
·5 0.47 I. 4 
- 1 S 0. S4 1. 0 

S· 22 0. 50 1 . 78 
0- 10 0.65 1. 48 

3 - 7 0.00 I. - 9 
3- 2 1 0.60 I. a 
-16 O. oL l. 62 

4 -21 0.68 I. 4 5 
4 - 29 0.76 l.61 

-5 o.n. I. 66 
5 -15 0 . 75 I. 44 
5- 21 0 .77 l. 46 
6-10 0.89 1. 4 3 

~~J ,-
0 0 

21 0 . 4 1. 5 Z 
-16 0 . !! 7 1. 50 

4-22 l. 0 7 1. 29 
5-15 1. 08 1. 3 5 
5- 22 0 . 04 1. 48 
o· to 0.46 l. 2~ 

H. T .L. - High fide Line 

50 - Sorting Coet fj'i"n t 

I"A BL~ 21 $.\.' SA.'I?l.t :\NI'\l YSES 

South L k h'orth J n It't • 
Fl o r i da (\'ill tt s. 19 3) 

.I. T. L. i.. .T.L . 3 - f t. Wate r DeDth 
~Id o (iiii)"" So ~Id o~ S Ido(nnJ S 

0 0 --- --
. 5 Ii ~ c ' North of Inle t 

0 .37 1. 14 
0. - 1 1 . 18 
o . ~ i 1. 2 

0.48 I. 44 0. 54 1.41 
0. 57 1.45 0.45 1.69 
0 . 34 1.25 0 .64 I. SL 0.42 I. 41 
0. 32 1. 17 0 .58 I. 4S 0.34 I. 30 
0 . 3 11 I. 19 0.3 ~ I . 8 0.63 I. 33 
0 . 3 7 1 . ~ 3 0 . 33 I. 0 
0. 30 1. 29 . 53 1. 5 5 0 . 33 1. 29 
'0':39 O . 4 ~ 0.45 ,\verage 0.41 mm. 

1 , 000 feet South of I n l e t 

0.G8 I. 23 
0.80 1.29 
0 . 57 1.44 
0.4 3 1. 23 
o ~ 
" I " U. 47 1. 31 ~ . 90 I. 24 

0. 0 1 I. 28 0 . 6 3 I. 09 0.77 I. 34 
0 .52 1. :i s 0 .74 I. 2S 0.86 I. 16 
0.40 I. 14 1}_48 1. 36 8 .54 I. 3e 
0.58 I. 23 0 .86 1 .18 I. 01 I. 12 

O.IIb 1. 32 1. 02 1. 15 8 .92 1. 29 

Sam!,lc :\0 . 2 SIlIlEle ~:(). . ~ Saml'le ;\0. 4 Sam!,l e No. 5 

:·Id S •. d 5 ~Id S ~Id 5 
CI ~ 0 0 0 0 0 0 

Inner Bar 

U.50 l. 30 0 .4. I. 6 '1 0. 58 I. 4 3 0.70 l. 36 
0. 50 1.57 0 .4 £ 1 . 35 0.44 l. 47 0 . 5 3 I. 39 
0. 9 I. 38 I. 03 i. 2 1 0.76 I. 5 I 0 .7 0 I. 33 
0 .41 1 . 4 ~ O . 5 ~ I . 3S 0.50 1. 36 0 . 50 1 . 24 
0 .90 1. 36 0 . 78 1. 33 0 . 92 l. 33 0 . 52 l. 34 

Ocean !la r 

0.82 l. 41 0.04 I. 43 
0.84 I. 46 0 . 68 l. 3S 0.69 I. 41 0.76 I. 73 
0.06 l. ; 4 0.81 I. 45 0.76 l. 4 7 0.82 l. 42 
0 . 8 I. 6 0.77 1 . 40 0.93 1. 37 0 . 94 1.33 

. 70 l. 32 0. 7S l.oO 0.80 1. 65 0 .74 I. 48 
0.86 l. 46 0. 78 1. 57 0.70 I. 5 0 0 . 89 l. 42 

Deten t ion B3si n 

~1. · r.L . - ~:e3n ' I ' i~c ti ne L. l. L. - La,,' Tide Line ;.Id
o

· I'oeaian d i ameter (mIT.) 
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Deepwater 
Direction 
from North 
(Degrees) 

160-180 

230-250 

250-260 

260-270 

270-280 

280-290 

290-300 

300-310 

310-320 

Total 

TABLE 22 

HAVE CLH1A. NEAR AHAHEI M BAY, CALI FORNIA 

(From Caldwell, 1956) 

Wave Period (Seconds) 

Calm 7~ -lol-2 

Percent Occurrence* 

6 

o 1 1 o 

o o o o 

o o 3 o 

o 2 2 1 

o 3 7 6 

o 3 10 12 

o o 7 9 

o o 7 5 

o o o 1 

6 o 9 37 34 

o 

o 

o 

1 

7 

6 

o 

o 

o 

Total 

6 

2 

o 

3 

6 

23 

31 

16 

12 

1 

100 

* Developed by hindcasts of waves originating north of latitude 20° north 
for period March 30, 1948 to March 29, 1949. 
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TABLE 23 

COfvl PARISON OF WAVE DATA NEAR ANAHEIM BAY, CALI FORNIA 
OBTAINED BY VARIOUS ~'IETHODS 

(From Caldwell, 1956 ) 
Shallow-Water Waves 
(20-foot depth near 

Deeplvdter h'aves Huntington Beach Pier) 

Direction Period Height Direction Period Height 
(deg) (sec) (ft) (deg) (sec) (ft) 

10/30/48 

Photo l)ata 165* 13.5* 180 13.5 
(Southern 

S\ve ll ) 
\\'ave Gage 13.7 3.6 
Hindcast 290 :t10 14.6 2.7 225*"1.- 14.6 1.4** 

11/23/48 

Photo Data 286* 14.5* 223~ 14.5 

Hindcast 290 no 16.0 2 .0 220** 16.0 1.0* -" 

1/ 31 /49 

Photo Data 273* 12.5-13.5* 223-235 12.5-13.5 
Wave Gag e 14.5 0.5 
Hindcast 280 :tIO 17.2 3.1 220** 17.2 1.5k * 

3/8/ 49 

Photo Data 288 * 17.0-18.0* 219-232 17-18 
Wave Gage 15.5 2.0 
Hindcast 280 ±10 17.0 ±1 3.0-3.5 220** 17.0 1.5 -1-8** 

4/ 4/ 49 

Photo Data 275 ;" 11.5-12.5;'- 227-223 11.5-12.5 
172* 15.0* 189 15.0, 
(Southern 

S\'\'e 11) 
Wave Gage 13.0 1.1 
Hindcast 280 :t10 17.2 3.1 220** 17.2 1.5* * 

* Developed from reverse orthogona1s 
** Developed through refraction diagrams 
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TABLE 21. 

\ '0 UMES OF EROSION MO ACCRETIO/\ IN AI>AH 1M _ UPY AREA BETWtE.\ SURYEYS 

Distance 
Range 
~;UI'ber 

FTom Range 
R- O Int e rva l 

o 

900 

1,400 

1,900 

2,1.00 

2,900 

3,1.00 

oAA 3,900 

61. I. ,1. 00 

6B 1.,900 

5,400 

7M 5,900 

7;.. 6,1.00 

7B 6,900 

7,1.00 

8A 7,900 

88 8,1.00 

Be 8.900 

9,1.00 

9A 9 ,900 

9B 10 ,1. 00 

9C 10,900 

10 11,4 00 

900 

SOO 

soo 

500 

500 

soo 

:;00 

500 

500 

SOO 

500 

500 

500 

500 

SOO 

soo 

500 

500 

500 

500 

500 

500 

flAT 29 -Jun 
Ch ange in Vol. 

(cu. yds.) 

65 Oays 

- 8,700 

-13,000 

-10,200 

- 7,1. 00 

+ 2,800 

+ 2 ,800 

+1 2 , 900 

+13 ,000 

+11, 100 

+11,100 

- 2 , 800 

- 2 , 800 

- 1.2,900 

- 12 , 900 

-1 2 , 900 

-12,900 

- 8,300 

- 8,300 

- 8,300 

- 8 , 400 

accretion to beach ; eTosion of boch) 

C -u lati vc 
Chan):e in Vol . 

(cu. yds.) 

- a, 700 

-21,700 

- 31, 900 

- 39,300 

-36,500 

-33,700 

- 20,800 

- 7, 800 

+ J, 300 

+14,1.00 

+11,600 

+ 8,800 

- I. ,JOO 

- ]7 .000 

- :;9,900 

-51. ,100 

- 09 ,1.00 

- 67,700 

-76,100 

Jun 1- . up 6 
Chan Be I n \ '01 . 

(cu. rd •. ) 
66 Oay 

+ 9 ,800 

+ " 5,600 

-H,IOO 

- 10 , 200 

- 3,700 

- 3, iOO 

+ 8 , 300 

+ 8,400 

+1 7 , 600 

+17 • 600 

+ 6,500 

+ 6, 500 

+ 6,500 

+ b ,I. 00 

+ b,500 

+ 6,500 

+10, 700 

+15,700 

+15,800 

+1:;,800 

58 

CUJ1ltJlotivc 
Ch ange in Vo l. 

(cu. yds.) 

+ 9,800 

+15 ,1.00 

+ 4,:;00 

- 5,900 

- 9,600 

-13, JOO 

- 5 , 000 

+ 3,400 

+21,000 

+1.5 , i OO 

+51 ,600 

+58,100 

+b4 , 500 

+71,000 

+77 , 500 

+93 . 200 

+108,900 

+121.,70 0 

+140, 500 

Aug 6-tiov 9 
Cha ge in Vol. 

(cu. yd, 

95 Days 

- 11.,800 

-18,500 

+ 8,300 

+1) , 600 

+ 900 

+ 6,500 

+Il , OOO 

+ 1. 900 

.. 1 , 900 

+ !, ,600 

- 4,600 

+ 900 

00 

00 

00 

00 

-11 ,1 00 

- Il,IOO 

-11,100 

-11,200 

Curulat ivc 
Change In \' 

(cu. I'd,. ) 

-II. ,80e 

-33 ,3 00 

- 25,000 

- 7 ,1.00 

- 6 ,500 

00 

+11,000 

+12,900 

+11.,8 00 

+19 , 1.00 

+11.,800 

+15 ,700 

+1 5,700 

+1 5 , 700 

+15, 700 

+ 1. ,600 

- 6 , 500 

- 17,600 

-28 , 800 



TABLE 24 

(Cen t i nued) 

Dis tance ~ov 9-Jan 2S Cumulative Ja n 2S-Apr 8 Cumu lative Apr S-Aug J 9 CUlr.u lati ve 
Range From Ron~,e Change in Vol . Change in Vol. Ch.n~e in Vol. Change in \'01. Change in Vol. Change in Vo 1. 
~wnber n-o (nt('yv:lI (cu . ~ds. ) (cu. ~ds. ) (cu. ~d s . ) (eU. rds . ) (cu. rds . ) (c u . rds . ) 

77 Day s 73 Days 123 Days 

900 
900 

500 
1,400 

500 -) 2 ,BOO -32,BOO -41,200 -41,200 +42,600 +42,600 
1,900 

500 -33,300 -66 ,1 00 -2B,800 -70,100 + 9,300 +51,900 
2,400 

500 -25,900 -92,000 -47,200 -117,300 - 2,800 +49,100 
2,900 

500 -25,900 -117,900 - 4,700 -122 ,000 -43,400 + 5,700 
3,400 

500 - 7,400 -125,300 -11,100 -133,100 -23 ,200 -17 ,500 
bM 3,900 

500 00 -125,)00 00 -133,100 -22,200 -)9,700 

6A 4,400 I 
sao - J, 700 -1 2'~,OOO lOa -U4 ,OOO -12,000 -51,700 

68 4,900 
500 + 7,400 -121,600 - 1,900 -1J5,900 -10,200 -61,900 

5,400 
500 +12,000 -109 ,600 -1 5 ,700 -151,600 + 8,400 -5),500 

7M 5,900 
500 + 6,600 -1OJ,OOO - 8, ;00 -1 60, 100 + 4,600 -48,900 

7A 6,400 
500 + 6,500 -96,500 + 5,600 -154, sao - 5,600 -54,500 

7h 6,900 
500 + 4,600 -91, 900 + 4, bOO -149,900 - 5 ,500 -60,000 

7,400 
500 + 4,600 -B7 ,)00 + ),700 -146,200 - 7,400 -67,400 

SA 7,900 
sao + 9,)00 -78,000 + 7,400 -138,BOO -1 2 ,000 -79,400 

8B 8 ,400 
500 + 3,100 -74, )00 - 1,200 -140,000 + 7,400 -72 ,000 

8e 8,900 
sao + 3,700 -70,'>00 + 6,700 -D) ,JOO + 2,800 -69,200 

9 ,400 
sao +13,900 -5 6,700 + ) ,700 -129,600 -ll,tOO -80,300 

9 ... 9,900 
500 + 7 ,400 -49, )00 +12,000 -117,600 -24 ,100 -104 ,400 

98 10,400 
500 + J, 700 -45,600 - ) ,800 -1l1,400 2,700 -107 , 100 

9C 10,900 
50(, - 1,900 -47,SOO - 1,800 -I; 3,200 + 2,700 -104,400 

10 11,400 
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TABLE 25 

5lJl.~ RY OF \'OLlJ1.IE CHANG ES 
(from C " ld~'e J J , 195b) 

Volume changes in Cubic yards. 
(. = acc reti on; = er05ion) 

Survey Ranges 2 t o 6A r{'lnges 2 to 7A f!~nges 2 to 1 
Interval Method of Presentation (~,OOO f eet ) (5,000 feet) (10,000 feet ) 

(cu. yds.) (cu. yd s . ) (cu. yds.) 

3/29 to Change betwcen surveys (1) -31,700 +14,40 ') -76,100 
6/1/1948 Aver age change per day 518 , 211 - 1,170 
165 Days) Cumula t i "c change (:2) -33,70U +14,400 - 76 ,1 00 

Change in sector (3) -33,700 (4 ) +48,100 (5) -90,500 (6 ) 

6/1 to Change between surveys (1) -13.300 +36,600 +140 .500 
8/ 6/1 948 Average change per day 2(;2 .;. 585 + 2, UO 
(66 li2yS) CUJw lat ive change (2 ) -47,000 +53,001) + 64,400 

Change in sector (3) -~ 1,000 (4) +100,000 ( 5) + 11,400 (6) 

8 / 6 to Change bet,,'cen surveys (1) () +19,400 - 28 ,800 
11 / 9/1948 Average change per day 0 + 205 30) 
(95 Days) Cumulative change (2) -47,000 +"12 ,400 +35,600 

Change in sector 0) -47,000 (4) +119,400 (5) -36,800 (6) 

11 / 9/ 48 to Change between sur-veys ( 1) -125,300 -103, 000 -47,500 
1/25/1949 AV eJ":.ge changc per day l,b30 1. 340 618 
(77 Days) Cuculat ive change (2) -~72,300 - 30 600 -11,900 

Ch .. nge in s~ctor (3) -172,300 (4 ) +141,7 0'<') (~) +18,700 (6) 

1/2S to Change between surveys (I) -13 3, 100 -160,100 -123,200 
4/8/1949 Average change per day 1, 820 2,200 1,680 
(73 Days) Cumulative change (2) - 305,4 00 -190,700 -135,100 

Change in sector (3 ) - 305,4 00 (4) +114 .700 ( 5) + 55,600 (6) 

4/ 8 to Change between surveys [I) - 39,7UO - 48,900 -104,400 
8/19/1949 Average change per day 323 398 845 
(123 Days) Cumulative change (2) -345,100 -239,600 -239 ,5 00 

Change in sector (3) -J45,100 (4) +105,500 ( 5) + 100 (6) 

(I) Volume change between range 2 and stated ran~e between indicated s\lrveys 
(2) Cumulative change uetween rar.ge 2 and st~ted r ang e from "9 March I g48 to indicated terminal su rvey 
(3) Cumulative change in Sectors indicated in footnot es (4), (5). and (6:1. 
(4) Cumulative changes in Sector 2 - 6A 
(5) Cumulative changes in Sec tor 6A - '7A 
(6 ) Cumulative changes in Sector 7A - 10 
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m 

Date of Interval 
Survey in Oars 

3/29/48 

65 

6/1/48 

66 

8/6/48 

95 

11/9/48 

77 

1/25/49 

73 

4/8/49 

123 

8/19/49 

TAB LE :6 

SlJ?'.1J'.LI\RY OF WAVE ENE RGY A 0 SA. 0 ~10VEH NT 
Average north angl e ~ 9° sin0 cos0 = 0.154 
Average south angle ~ 21° sin0 cos0 = 0.334 

(Energy expressed in million foot-pounds) 
(from Caldwell, 1956) 

Net along-
Total energy per ft.of Total alongshore energy shore ener gy 
crest at l2-foot deEth Eer foot of beach per foot 

from North from South from North from South of beach 

2610 0 402 0 402N 

3844 5295 592 1765 1173S 

5572 1889 859 630 229N 

7901 780 1220 260 960N 

6336 595 975 199 776N 

3926 2522 604 844 204S 

Avg. daily 
alongshore 
energy per 
foot of beach 

6.2N 

17.8S 

2.4N 

12.5N 

10.6N 

1. 7S 

* Figures on sand movement are taken from Table 26. A plus (+) indicates a movement north past 
Range 10 into the study area. A minus sign (-) indicates a movement south past Range 10. 

Sand move-
ment past 
Range 10* 
(cu. yds. 
per Day) 

-1170 

+2130 

- 303 

- 618 

-1680 

- 845 



Range 

3 

4 

5 

6 - 6A 

7 - 7A 

8 

9 

10 

11 

12 - 24 

3 - 7A 
8 - 11 

*** 

TABLE 27 

SUMMARY OF BEACH SAND AN 1)'SIS, i\~Al-lE1M STUDY AREA 
(from Caldwell, 1956) 

Average median grain size in mm. of all 
Beach Samples* taken near the time of the 

March 1948 Survey August 1949 Survey 

0.47 (7)** 0.35 (15) 

0.43 (7) 0.31 (14 ) 

0.53 (6) 0.34 (12) 

0. 51 (4) 0.48 (3 ) 

0.44 (8) 0.60 (2) 

0.33 (4) 0.60 (1) 

0.29 (4 ) 0.39 (1) 

0.26 (4 ) 0.30 (2) 

0.31 (3) 0.34 (1) 

0.20 (3) 0.33 (12) 

Summary from above compilation: 

0.48 
0.30 

0.36 
0.39 

* Beach samples are those taken from the surface of the beach bet~een 
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 diameter. 

*** Ranges 11 (sic) through 24 are spaced at 3,000-foot intervals along 
the beach. 
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TABLE 28 

KO~1AR ' S FIE DATA 

Energy Ea 
Immersed 

I Q Volume \':eight 
transport Q Flux PQ. ft-1bs / ft-day transport I .e. 1bs / day 

Study rate yd 3/ day erg / cm sec (Comput ed ) dynes / sec (Computed ) 
Number Date cm3/ sec (ComEuted ) (x 105) (x 104 ) (x 105) ex 104) 

1 EMB* 4 ~lay 66 4490 508 43 83 .5 45.1 87.5 

2 5 May 66 8350 948 104 202.0 84.4 164.0 

3 11 Oct 66 2560 290 30 58.0 25.7 49.7 

4 13 Oct 66 981 107 15 29.0 9.9 19.2 

5 22 1--1ay 67 1450 164 20 39.0 14.6 28.3 
(1) 6 22 May 67 4260 481 38 74.0 42.8 83.0 Vol 

/ 23 tvlay 67 604 68 6 12.0 6. 1 11.8 

8 23 ~lay 67 881 100 18 35.0 8.9 17.2 

9 28 Jan 68 292 33 6 12.0 2.9 5.6 

10 11 ~lay 68 2060 232 18 35.0 20.8 40.4 

11 SSB** 14 Nov 67 1270 144 15 29.0 12.8 24.8 

12 22 Nov 67 30100 3400 380 740.0 302.0 585.0 

13 4 Sep 68 4680 530 91 177.0 47.1 9l.0 

14 5 Sep 68 3760 425 41 79.0 37.9 73.5 

* E1 Moreno,Beach, ~lexico 

** Silver Strand Beach, California, USA 



A P PEN D I X B 

Fi gures 1A through 10 
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................ ... ,.. 

Figure I-A. Saville's Test Setup (1950) 

Figure I-B. Shay and Johnson's Test Setup (1951) 
for ag = 30 degrees or greater 
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Layout of Shore Proces ses Tes t Basin, BEB 
(from Savage, 1962) 
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