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ABSTRACT 

Ba s ic princ ip les bear ing on the nature of beaches and processes that 
act to mod i f y them are considered in the I igh t of present coasta l deve lop ­
ment demands . A work ing hypothesis i s deve loped that appl ies the pri n­
cip l e of the conse r vat ion of mass to the mecha n ics of granula r- f luid 
media . Th is hypothesis appears to have genera l ap pl ication to sand t r a ns ­
port processes in the I ittoral zone . Additional research must be done to 
provide basic information in some critica l areas before appl ica ti on can 
be made with assurance . 

INTRODUCT ION 

Th e r e a r e i ncreas i ng deman ds on the shore l ines of the wor I d for 
recreation, shipp ing, indu st r y, and marine resources of various ki nd s . 
Unf ortunate ly, our un derstandi ng of t he coastal environment has not yet 
advanced to the po in t where today ' s prob lems ca n be ha nd led adequately . 
Therefor e, it is i mpe ra t i ve t ha t we deve I op t he mea ns to preserve the 
beac hes a nd ha r bors t hat we now have and tha t we develop pract ica l 
tec hni ques fo r c r eating new beaches a nd shore l ine faci I i t ies . Protective 
structures for new harbor entrances interrupt the longshore transport of 
san d, often requiring expensive mai ntena nce of the harbor and frequent ly 
ca usi ng de leter iou s ef f ects on the adjacent coasta l environm ent . The 
interception of san d supp ly at the source by fl ood contro l dams, and i t s 
loss to the beaches by depos it ion in deep wa ter, pr esent ser ious long ­
te rm prob lems to beach maintenance . We are in the curious posi t ion of 
de veloping and imp r ovi ng beach frontage withou t criteri a f o r predicting 
cha nges in t he beach or eva I ua t i ng the l ike I i hood of the beaches ' 
ex is tence in 10 or 20 years . 

Th e s upport of t he Coasta l Engi neering Research Cente r , U. S. Army Corps 
of En g ineers, a nd the Office of Naval Resea r ch has made this work 
possible . 

Contribution from the Scripps Inst itu t ion of Oceanography, Uni versity of 
Ca l i torni a, San Diego . 
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512 COASTAL ENGINEERING 

B e f o r e c o n s i d e r i n g p rob lems o f c o a s t a l d e s i g n and use manag^'^*^" '^^^ 
t h e e f f e c t s o f waves and w a v e - i n d u c e d c u r r e n t s on t h e t r a n s p o r t a + ' 
d i s t r i b u t i o n o f s e d i m e n t s in t h e n e a r s h o r e zone a r e s u m m a r i z e d . ' 
k i n d o f i n f o r m a t i o n , augmented by a d d i t i o n a l r e s e a r c h , must become 
i m p o r t a n t p a r t o f t h e b a s i s f o r d i s c u s s i o n s on c o a s t a l p r o b l e m s . 

The m a j o r emphasis i s d i r e c t e d t o w a r d s t h o s e p l a n n i n g o r i t e r i ^̂ Ĵ̂ ^ 
depend upon o r a r e l i k e l y t o be i n f l u e n c e d by waves , c u r r e n t s , gg 
t r a n s p o r t a t i o n o f s e d i m e n t s . From t h i s s t a n d p o i n t , t h e p o s s i b l e 
o f c o a s t a l s t r u c t u r e s and t h e i r d e s i g n , s u c c e s s f u l o p e r a t i o n , a n d ^ 
t e n a n c e can be c o n s i d e r e d b r o a d l y in t e r m s o f : a ) g e n e r a l p r i n C i P 
p e r t a i n i n g t o l i t t o r a l p r o c e s s e s , b ) t h e t y p e s o f beach and a d j ^ ' ' 
b a t h y m e t r y , c ) e x p o s u r e t o waves , and d ) t h e budge t o f l i t t o r a ' 
sed i m e n t s . 

NEARSHORE PROCESSES 

; nC i p I es 
However comp lex in d e t a i l , t h e r e a r e c e r t a i n f undamen ta l p i " k i n d s 

t h a t have g e n e r a l a p p l i c a t i o n t o t h e l i t t o r a l z o n e . A l t h o u g h t h i ® 
and amounts o f sed imen t t r a n s p o r t e d v a r y f r om p l a c e t o p l a c e a ' ' ^ ' ^ ^ j c a t i o n s . 
c o a s t , t h e t r a n s p o r t mechanisms appear t o be g e n e r a l in t h e i r ^ jn 
Energy i s t r a n s m i t t e d t o t h e c o a s t by waves where i t i s d i s s i p a ' ' ' ® g n j 
v a r i o u s ways , i n c l u d i n g r e f l e c t i o n , g e n e r a t i o n o f l o n g s h o r e cuff^^ ' 
t h e t r a n s p o r t a t i o n o f s e d i m e n t . 

t o 

R e c e n t l y , a w o r k i n g model f o r beach m e c h a n i c s , t h a t a p p e a r s t e s t e d 
e x p l a i n many o f t h e known f a c t s , has been f o r m u l a t e d and p a r t i s ' ^ ^ p g | . j _ 
( Inman and B a g n o l d , 1953; Inman and Bowen, 1 9 6 3 ) . A l t h o u g h m o r ® f i d e n c e , 
m e n t a t i o n i s n e c e s s a r y b e f o r e t h i s model can be a c c e p t e d w i t h ^ ^ g t a n d i ng 
i t s e r v e s he re as a w o r k i n g h y p o t h e s i s in an app roach t o t h e u n ' - ' ® 
o f l i t t o r a l p r o c e s s e s . 

. e n e r g y 
The model i s based on t h e p r i n c i p l e o f t h e c o n s e r v a t i o n O T ^ w a t e r 

a p p l i e d t o t h e mechan ics o f g r a n u l a r - f l u i d m e d i a . I f a s t r e a m ^ a c h i n e . 
t r a n s p o r t s s a n d , t h e s t r eam can be c o n s i d e r e d as a t r a n s p o r t i n g ^ i f 
The immersed w e i g h t o f t h e t r a n s p o r t e d sand i s t h e m a c h i n e ' s I & | oad 
i s o f i n t e r e s t t o c o n s i d e r t h e power r e q u i r e d t o t r a n s p o r t t h i s r- u n i t 
The immersed w e i g h t o f s o l i d s o f a b s o l u t e vo lume v t r a v e l i n g ^j^g 
a rea o f a sand bed i s Cpg-p)gv where and p a r e t h e d e n s i t y | f t h e 
s o l i d and f l u i d r e s p e c t i v e l y and g i s t h e a c c e l e r a t i o n o f g r a v r a t e , 
s o l i d s a r e t r a n s p o r t e d w i t h v e l o c i t y U, t h e n t h e dynamic t r a n s p * ^ ^ u n i t 
i . e . , t h e immersed w e i g h t t r a n s p o r t e d a c r o s s u n i t w i d t h o f bed 
t i m e becomes 

-3,1/ 
i = ( p 2 - p ) g v U (M^ 

( 1 ) 

and T 
j _ / The d i m e n s i o n s o f e q u a t i o n s a r e i n d i c a t e d by t h e symbo ls M, ^ a b s o l u t e 
w h i c h r e p r e s e n t mass, l e n g t h , and t i m e r e s p e c t i v e l y . In B r i t i S - f o r c e 
u n i t s M i s in pounds mass ( l b ) . In B r i t i s h g r a v i t a t i o n a l unlf S> 
(Iv|LT~2) i s in pounds f o r c e C l b ^ ) . 
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t 

bed 
t h e 

where vU i s t h e vo lume o f s o l i d s t r a n s p o r t e d in u n i t t i m e a c r o s s u " ' 
w i d t h o f b e d . 

I f t h e t o t a l power s u p p l i e d by t h e s t r e a m per u n i t a r e a o f 
i s o J , t h e n a p o r t i o n KoO o f t h i s power i s expended in t r a n s p o r t i n g 
s e d i m e n t , and t h e t r a n s p o r t r a t e i s g i v e n by 

i = K c O ( M T ' ^ ) 

The d i m e n s i o n l e s s f a c t o r K i s r e l a t e d t o t h e e f f i c i e n c y o f t h e t r s n ^ P " ' " ^ ' 2 ^ 
mechanism and can be e x p e c t e d t o d i f f e r f o r d i f f e r i n g modes o f t r s n ^ P 

In t h e s t e a d y f l o w c a s e , as in a s t r e a m o r f l u m e , c O i s e q u a l '^^^ 
s h e a r s t r e s s x , m u l t i p l i e d by some mean f l o w v e l o c i t y Ü. Under v^a^® ^ 
a c t i o n s e d i m e n t movement i s caused by t h e b a c k - a n d - f o r t h m o t i o n o f 
w a v e s , and t h e p o w e r c o i s p r o p o r t i o n a l t o T U ^ where û ^ i s t h e h o r i 2 ° 
component o f t h e o r b i t a l v e l o c i t y o f t h e waves . I f t h e o r b i t a l v e I ' 
i s s i n u s o i d a l , as much sand moves backwards as f o r w a r d s ; and t h e r © 
no n e t t r a n s p o r t even t h o u g h p o w e r c O i s e x p e n d e d . S i nce t h e sed i ' ' ^® ' ^ 
a l r e a d y s u p p o r t e d by t h e wave s t r e s s , T = C O / U ^ , no a d d i t i o n a l s + r s ^ s 
r e q u i r e d t o move i t . Thus i f a c u r r e n t ü , in any d i r e c t i o n e , i s ^ ^ ^ ^ 
imposed on t h e v/ave- i nduced b a c k - a n d - f o r t h movement o f s e d i m e n t , ^ 
t r a n s p o r t o f s e d i m e n t w i l l o c c u r in t h e d i r e c t i o n e . 

K ^ c o (MT 
-3 ) (3) 

m 
K a b s o r b s t h e n u m e r i ' 

e q u a t i n g o O t o T u 

where t h e f a c t o r K a b s o r b s t h e n u m e r i c a l a p p r o x i m a t i o n r e s u l t i n g f 

m 

Thus t h e waves s u p p l y t h e power t o keep t h e sed imen t in m o t i o ' ^ ' ^ " ' ^ 
t h e c u r r e n t d e t e r m i n e s t h e m a g n i t u d e and d i r e c t i o n o f t h e t r a n s p o ^ " 
Th i s c o n c e p t w i l l be app I i ed t o t h e equ i I i b r i um p r o f i I e o f sand s I ^ ^ ^ ^ j 
and t o t h e l o n g s h o r e t r a n s p o r t o f s e d i m e n t s . E q u a t i o n ( 3 ) was ^ © ' ^ ' ^ ^ 1 

B a g n o l d ( 1 9 6 3 ) and p a r t i a l l y v e r i f i e d by e x p e r i m e n t s in a wave c h 
Inman and Bowen ( 1 9 6 3 ) . 

ENERGY PROFILE OF EQUILIBRIUM 

The b a c k - a n d - f o r t h m o t i o n o f waves in s h a l l o w w a t e r p r o d u c e s 
on t h e bo t t om t h a t p l a c e sand in m o t i o n . The i n t e r a c t i o n o f t h e 
s t r e s s e s w i t h t h e bo t t om a l s o i nduces a n e t boundary c u r r e n t ü f ' 
i n t h e d i r e c t i o n o f wave t r a v e l ( L o n g u e t - H i g g i n s , 1953 ) . The mo s 
mov ing l a y e r o f w a t e r i s nea r t h e b e d , and f o r waves t r a v e l i ng o 
h o r i z o n t a l b e d , t h e i n t e r a c t i o n o f wave s t r e s s e s and t h e b o u n d a r 
p r o d u c e s a n e t t r a n s p o r t o f sand in t h e d i r e c t i o n o f wave t r a v e l 

2 / Bagno ld ( 1 9 6 3 , p . 513) shows t h a t t h e e f f i c i ency S f o r bed I o a ^ ^ ^ ' ^ ^ ^ ^ ^ ^ ^ 
p o r t a t i o n i s Ktanip, where tancp i s t h e c o e f f i c i e n t o f i n t e r n a l f r ' - s t r e a m 
g r a n u l a r s h e a r and ranges f rom 0 . 3 t o 0 . 7 5 . I f t h e bed s l o p e s d < ^ ^ 
a t an a n g l e p, t h e e f f i c i e n c y i s = K ( t a n ( } ) - t a n P ) . 
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p r e d i c t e d by e q u a t i o n ( 3 ) . ^ / Thus , t h e w a v e - i n d u c e d t r a n s p o r t o f sand 
a c t s t o c o n t a i n sand a g a i n s t t h e s h o r e . 

The a c t i o n o f waves on an i n c l i n e d bed o f sand e v e n t u a l l y p roduces 
a p r o f i l e t h a t i s in e q u i l i b r i u m w i t h t h e e n e r g y d i s s i p a t i o n a s s o c i a t e d 
w i t h t h e o s c i l l a t o r y m o t i o n o f t h e w a v e s - o v e r t h e sand bo t t om I f an 
a r t i f i c i a l s l o p e exceeds t h e n a t u r a l e q u i l i b r i u m s l o p e , an o f f s h o r e t r a n s ­
p o r t o f sand w i l l r e s u l t f r om t h e g r a v i t y component o f t h e sand load 
u n t i l t h e s l o p e r e a c h e s a new e q u i l i b r i u m . C o n v e r s e l y , i f an a r t i f i c i a l 
s l o p e IS l e s s t h a n t h e n a t u r a l e q u i l i b r i u m s l o p e , a sho reward t r a n s p o r t 
o f sand w i l l r e s u l t and t h e beach s l o p e w i l l s t e e p e n . Thus , t h e e q u i I i b -
r i u m s l o p e is a t t a i n e d when t h e u p - s l o p e and d o w n - s l o p e t r a n s p o r t s a r e 
e q u a l . E q u a t i n g t h e up and down s l o p e t r a n s p o r t s g i v e s t h e f o l l o w i n g 
r e l a t i o n f o r t h e e q u i l i b r i u m s l o p e : ^ 

t a n p = t a n * | ~^ /A', 
T+c 

where p i s t h e s l o p e o f t h e bed , tancp is t h e c o e f f i c i e n t o f i n t e r n a l 
f r i c t i o n f o r g r a n u l a r s h e a r , and c i s a c o e f f i c i e n t depend ing upon t h e 
r a t i o o f t h e boundary c u r r e n t s t o t h e o r b i t a l v e l o c i t y o f t h e w a v e s . ! / 

S i n c e t h e e q u i l i b r i u m s l o p e s t e e p e n s w i t h i n c r e a s i n g ene rgy d i s s i p a ­
t i o n and w i t h i n c r e a s i n g speed o f t h e boundary c u r r e n t u , i t i s u s u a l l y 
g e n t l e in deeper w a t e r where wave d i s s i p a t i o n i s s l i g h t and c u r r e n t s a r e 
low, and s t e e p e r near t h e s u r f zone .where bo th d i s s i p a t i o n o f ene rgy and 
t h e c u r r e n t s a r e g r e a t e s t . T h i s dependance o f s l o p e on wave s t r e s s and 
boundary c u r r e n t s causes t h e s l i g h t s t e e p e n i n g o f s l o p e f o u n d j u s t o u t s i d e 
o f t h e s u r f zone in many beach p r o f i l e s ( F i g u r e I ) . 

E v a l u a t i o n o f t h e c o e f f i c i e n t s o f e q u a t i o n ( 4 ) s h o u l d p r o v i d e l i m i t s 
on p e r m i s s i b l e n e a r s h o r e bo t tom s l o p e s t h a t can be e x p e c t e d t o be s t a b l e 
unde r g i v e n c o n d i t i o n s o f wave a t t a c k . U n d e r s t a n d i n g o f p e r m i s s i b l e 
b o t t o m s l o p e s w o u l d p r o v i d e u s e f u l c r i t e r i a f o r d e c i d i n g f e a s i b i l i t y o f 
a r t i f i c i a l l y e x t e n d i n g an e x i s t i n g s h o r e l i n e in a seaward d i r e c t i o n . 

NEARSHORE CIRCULATION 

The w a t e r t r a n s p o r t e d o n t o t h e beach by b r e a k i n g waves p roduces a 
comp lex sys tem o f w a t e r c u r r e n t s n e a r s h o r e . T h i s n e a r s h o r e c i r c u l a t i o n 
o f w a t e r c o n s i s t s o f an onsho re t r a n s p o r t by t h e b r e a k i n g waves , a l a t e r a l 
t r a n s p o r t i n s i d e t h e b r e a k e r zone by l o n g s h o r e c u r r e n t s , and a seaward 

3 / Ivleasurements o f sand t r a n s p o r t r a t e s and power l o s s e s in a wave channe l 
gave v a l u e s o f K r a n g i n g between 0.1 and 0 . 3 ( Inman and Bowen, 1963 ) . 

1/ T h i s r e l a t i o n i s d e r i v e d f rom ene rgy c o n s i d e r a t i o n s by Inman and Bagno ld 
( 1 9 6 3 , p p . 5 3 0 - 5 3 3 ) . R e f e r e n c e t o f o o t n o t e 2 shows t h a t c i s a p p r o x i m a t e l y 
equa l t o t h e cube o f t h e r a t i o o f t h e maximum o f f s h o r e component o f o r b i t a l 
v e l o c i t y t o t h e maximum o n s h o r e compoent , (u _ x . / u _ ) ^ . 
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Figure 1. Equi l ibr ium energy prof i l e of a fine sand beach at La Jolla, California, showing the median sand size, 2 
the maximum seasonal change in the level of the sand associated with winter and summer waves, and the thiclmess 
of the modem l i t t o r a l sand over the wave-cut terrace (after Inman and Bagnold, 1963). 
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2. schematic diagram oi tl.e nearstoe circulation systei 
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r e t u r n o f t h e f l o w t h r o u g h t h e s u r f zone by r i p c u r r e n t s ( F i g u r e 2 ) - ^ ^ 
seaward m o t i o n in t h e r i p c u r r e n t s e x t e n d s beyond t h e b r e a k e r zone T ° 
d i s t a n c e a b o u t equa l t o t h e w i d t h o f t h e s u r f zone . For e x a m p l e , f i P 
c u r r e n t s g e n e r a t e d by waves t h a t b reak 1000 f e e t o f f s h o r e can be expe 
t o c a r r y sand in s u s p e n s i o n f o r a d i s t a n c e o f a b o u t 2000 f e e t o f f s h o r e . 

There have been numerous s t u d i e s r e l a t i n g l o n g s h o r e c u r r e n t v e l o c i t y 
t o t h e wave and beach c h a r a c t e r i s i t i c s ( e . g . Putnam, Munk, and T r a y l o r , 
1949; Inman and Q u i n n , 1952; B r u u n , 1963; G a l v i n and E a g l e s o n , 1 9 6 5 ) -
However , none o f t h e s e have c o n s i d e r e d t h e e f f e c t o f r i p c u r r e n t s on 
budge t o f w a t e r in t h e s u r f z o n e . I f t h e l o n g s h o r e c u r r e n t i s c o n f i n e 
t o t h e s u r f z o n e , t h e d i s c h a r g e o f w a t e r i n t o t h e s u r f zone w o u l d o a u s e ^ 
t h e l o n g s h o r e c u r r e n t t o c o n t i n u e t o i n c r e a s e i n d e f i n i t e l y w i t h d i s 
a l o n g t h e beach i f i t were n o t f o r t h e e x i s t e n c e o f o u t w a r d f l o w i n g ^^P 
c u r r e n t s . These c o n s i d e r a t i o n s o f t h e c o n s e r v a t i o n o f mass in t h e ^ . ^ ^ | 
zone led Inman and Bagno ld ( 1 9 5 3 ) t o f o r m u l a t e t h e f o l l o w i n g t h e o r e i 
e x p r e s s i o n f o r t h e mean v e l o c i t y o f l o n g s h o r e c u r r e n t 

a. = k t a n B sino( cosoc ( L T " ' ) 
^ T b b 

where j2 i s t h e s e p a r a t i o n d i s t a n c e between r i p c u r r e n t s , T t h e waV© p e r i o , 
o< [j t h e b r e a k e r a n g l e , and p i s t h e s l o p e o f t h e beach f a c e , k 

f a c t o r depend ing upon t h e t y p e o f b r e a k i n g wave and t h e o r e t i c a l l y w o u ^ 
have a c o n s t a n t v a l u e o f 2 . 0 f o r s o l i t a r y waves . U n f o r t u n a t e l y , 
few s t u d i e s where t h e r i p s p a c i n g j? has been e v a l u a t e d . The few f |® ^^^^ 
l a b o r a t o r y measurements a v a i l a b l e i n d i c a t e t h a t on t h e a v e r a g e , 2 f i o n s 
t o f o u r t i m e s g r e a t e r t h a n t h e w i d t h o f t h e s u r f zone . These o b s © r ' ^ ^ l o ^ ^ 
i n d i c a t e t h a t t h e above r e l a t i v e l y s i m p l e e x p r e s s i o n i s in r e a s o n s o y g 
ag reemen t w i t h measured v a l u e s o f t h e l o n g s h o r e c u r r e n t . 

The p o s i t i o n o f r i p c u r r e n t s a l o n g a beach and t h e s p a c i n g ^^^ '^ '^^ '^^ 
r i p c u r r e n t s have s i g n i f i c a n t i m p l i c a t i o n s in r e c r e a t i o n a l p l a n n i r > g 
beach m a i n t e n a n c e . S i n c e t h e l o n g s h o r e c u r r e n t f e e d s t h e r i p c u r v e n ^ , 
t h e v e l o c i t y o f l o n g s h o r e c u r r e n t s t e n d s t o be l e a s t j u s t down c o s s o 
r i p c u r r e n t s . The p o s i t i o n s o f r i p c u r r e n t s a r e m i g r a t o r y a l o n g ^ ^ ^ ^ ^ j ^ 
s t r a i g h t beaches w i t h p a r a l l e l o f f s h o r e b o t t o m c o n t o u r s . H o w e v e r ^ 
p o s i t i o n t e n d s t o become s t a b i l i z e d by s l i g h t i r r e g u l a r i t i e s i n b O ° ^ 
t o p o g r a p h y ; and t h e i r a p p r o x i m a t e p o s i t i o n can be p r e d i c t e d a l o n g ^ ° ^ 
b e a c h e s . To be e f f e c t i v e , t h e d e s i g n and s p a c i n g o f g r o i n s r e q u i ' ^ ^ ^ ^ 
know ledge o f t h e s p a c i n g between r i p c u r r e n t s ( F i g u r e 5 ) . 

LONGSHORE TRANSPORTATION OF SEDIMENTS 

a n y S i n c e t h e waves s u p p l y t h e ene rgy t o s e t t h e sand in m o t i o n , 
n e t c u r r e n t w i l l p roduce a t r a n s p o r t o f sand in t h e d i r e c t i o n o f _ ' * ' , ^ , r -f^^ 
c u r r e n t ( e q u a t i o n 3 ) . Thus , in e f f e c t , t h e wave s t r e s s e s " d e - w e ' ^ ^̂ ^̂ ^ 
s e d i m e n t l o a d , p l a c i n g i t i n a c o n d i t i o n where any c u r r e n t , no m s 
weak, i s c o m p e t e n t t o move t h e l oad in t h e d i r e c t i o n o f t h e currer 

T h e r e f o r e , t h e t r a n s p o r t o f sand s h o u l d be p r o p o r t i o n a l t o t h e p r" uc ^ 
o f t h e amount o f wave ene rgy d i s s i p a t e d and t h e v e l o c i t y o f t h e c 
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Figure 3. Relation between the dynamic longshore transport rate I J, and the longshore 
component of wave power per unit length of beach Pj(calculations by D. F. McGeary). 



Figure 4 . Schematic representation of l i t t o r a l sedimentation cells along the southern 
California coast. Each cell contains a complete sedimentation cycle: Sand is brought 
to the coast by streams, carr ied along the coast by waves and currents, and lost 
into deep submarine basins through submarine canyons. 
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i 

I 

Figure 5. Aer ia l photograph of shoreline at Santa Monica Bay, California, showing 
groins designed to permit rerouting of Highway Route 60 around the landslide at 
Pacif ic Palisades. Alignment of sand beach trapped between the groins indicates 
l i t t o r a l transport of sand is towards the viewer. 
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For t h e s p e c i a l case o f t h e l o n g s h o r e t r a n s p o r t o f sand in t h e s u r f zone , 
t h e b r e a k i n g wave s u p p l i e s t h e power f o r p l a c i n g sand in m o t i o n , as w e l l 
as t h e l o n g s h o r e c u r r e n t t h a t c a r r i e s t h e sand l o a d . 

A t h e o r e t i c a l model f o r t h e l o n g s h o r e t r a n s p o r t o f sand was d e v e l o p e d 
f o l l o w i n g t h e r e a s o n i n g l e a d i n g t o e q u a t i o n s C I ) , ( 2 ) , and C3) . In t h e 
case o f l o n g s h o r e t r a n s p o r t , t h e t o t a l r a t h e r t h a n t h e u n i t w i d t h t r a n s ­
p o r t i s d e s i r e d , and t h e e x p r e s s i o n f o r t h e dynamic l o n g s h o r e t r a n s p o r t 
r a t e becomes 

Ijj = ( P g - p ) g a | S ( M L T ' 3 ) ( 6 ) 

where ( p 2 - p ) g i s t h e c o n v e r s i o n f a c t o r f o r immersed w e i g h t as in e q u a t i o n 
( I ) , a | i s t h e c o r r e c t i o n f o r p o r e - s p a c e and may be t a k e n as 0 . 5 a p p r o x i ­
m a t e l y , and S i s t h e b u l k vo lume of sand t r a n s p o r t e d in u n i t t i m e . Ig 
has u n i t s o f immersed w e i g h t per u n i t t i m e , o r power per u n i t l e n g t h . The 
l o n g s h o r e t r a n s p o r t model ( Inman and B a g n o l d , 1953, p. 4 5 4 ) i n d i c a t e s t h a t 
t h e l o n g s h o r e t r a n s p o r t o f sand i s p r o p o r t i o n a l t o t h e l o n g s h o r e component 
o f wave power , per u n i t l e n g t h o f beach 1̂  

I j = Kl^ ( M L T " ^ ) ( 7 ) 

The few f i e l d c a l c u l a t i o n s p r e s e n t l y a v a i l a b l e ( W a t t s , 1953; C a l d w e l l , 
1955; Moore and C o l e , 1 9 6 2 ) , t o g e t h e r w i t h t h e l a b o r a t o r y da ta ( e . g . 
Savage, 1962 ) , i n d i c a t e t h a t t h e l o n g s h o r e t r a n s p o r t o f sand i s d i r e c t l y 
p r o p o r t i o n a l t o t h e l o n g s h o r e component o f wave power , as i n d i c a t e d by 
e q u a t i o n ( 7 ) . The known da ta a r e p l o t t e d in F i g u r e 3 , and f i t t h e 
r e l a t i o n 

l£ = 0 .25 ( 7 a ) 

The dynamic l o n g s h o r e t r a n s p o r t r a t e was c a l c u l a t e d f rom e q u a t i o n ( 5 ) and 
i s e x p r e s s e d as immersed w e i g h t t r a n s p o r t e d per u n i t t i m e ( I b ^ / s e c ) . The 
l o n g s h o r e component o f wave power was computed f o r t h e b r e a k e r zone and 
i s e x p r e s s e d in power p e r u n i t l e n g t h o f beach ( f t . I b ^ / f t . s e c ) . The 
e q u a t i o n s f o r wave power a r e u s u a l l y w r i t t e n f o r t h e r o o t - m e a n - s q u a r e 
wave h e i g h t , wh i ch i s t h e wave pa rame te r most commonly measured in t h e 
l a b o r a t o r y . However , t h e power c o m p u t a t i o n f o r t h e f i e l d da ta a p p e a r s t o 
be based on s i g n i f i c a n t wave h e i g h t and t h u s may be t o o h i g h by a f a c t o r 
o f 2 . On t h e o t h e r h a n d , t h e p r a c t i c e o f r e p r e s e n t i n g t h e e n t i r e power 
s p e c t r u m in t e r m s o f a s i n g l e s i g n i f i c a n t wave may r e s u l t in t h e o m i s s i o n 
o f i m p o r t a n t e n e r g y c o n t r i b u t i o n s f rom waves o f d i f f e r e n t f r e q u e n c y , 
c a u s i n g t h e c o m p u t a t i o n s t o be t o o low. A r i g o r o u s e v a l u a t i o n o f t h i s 
r e l a t i o n i s e s s e n t i a l t o beach p l a n n i n g . I t wou ld p e r m i t t h e e v a l u a t i o n 
o f l o n g s h o r e t r a n s p o r t p o t e n t i a l d i r e c t l y f rom t h e budge t o f wave e n e r g y 
f o r e x i s t i n g beaches , as w e l l as f o r c o n t e m p l a t e d new beaches . M e a n w h i l e , 
e s t i m a t i o n s o f l o n g s h o r e t r a n s p o r t r a t e s based on e q u a t i o n (7a) appear t o 
g i v e v a l u e s t h a t a r e a p p r o x i m a t e l y in agreement w i t h t r a n s p o r r r a t e s 
d e t e r m i n e d by s i l t a t i o n r a t e s in h a r b o r s ( e . g . Bowen and Inman, 1 9 6 5 ) . 
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A t p r e s e n t t h e vo lume o f l o n g s h o r e s e d i m e n t t r a n s p o r t a l o n g o c e a n i c 
c o a s t s i s e s t i m a t e d f r o m o b s e r v e d r a t e s o f e r o s i o n o r a c c r e t i o n , most 
commonly in t h e v i c i n i t y o f c o a s t a l e n g i n e e r i n g s t r u c t u r e s such as g r o i n s 
and j e t t i e s . Such o b s e r v a t i o n s i n d i c a t e t h a t t h e t r a n s p o r t r a t e s a l o n g 
mos t ocean beaches range f rom a b o u t 5 0 , 0 0 0 t o 1 ,000 ,000 c u b i c y a r d s o f 
sand pe r y e a r . The a v e r a g e t r a n s p o r t i s a b o u t 2 0 0 , 0 0 0 c u b i c y a r d s per 
y e a r . The s o u r c e s and s i n k s f o r t h e s e l a r g e amounts o f sand a r e d i s c u s s e d 
i n t h e f o l l o w i n g s e c t i o n . 

SOURCE AND BUDGET OF NEARSHORE SEDIMENTS 

A p p l i c a t i o n o f t h e p r i n c i p l e o f c o n s e r v a t i o n o f mass t o t h e s e d i m e n t s 
in t h e l i t t o r a l zone has p r o v e d t o be a v e r y u s e f u l t o o l in e v a l u a t i n g 
t h e r e l a t i v e i m p o r t a n c e o f t h e v a r i o u s p o s s i b l e s o u r c e s o f s e d i m e n t and 
a g e n t s o f t r a n s p o r t . The p r o c e d u r e , somet imes r e f e r r e d t o as t h e budge t 
o f s e d i m e n t s , c o n s i s t s o f a s s e s s i n g t h e s e d i m e n t a r y c o n t r i b u t i o n s ( c r e d i t s ) 
and l o s s e s ( d e b i t s ) and e q u a t i n g t h e s e t o t h e n e t g a i n o r l o s s ( p o s i t i v e 
o r n e g a t i v e b a l a n c e ) o f s e d i m e n t s i n a g i v e n " l i t t o r a l c e l l " . A " l i t t o r a l 
c e l l " I s d e f i n e d as a c o a s t a l segment t h a t n e i t h e r r e c e i v e s s e d i m e n t f r o m , 
no r c o n t r i b u t e s sed imen t t o a d j a c e n t c e l l s by l o n g s h o r e t r a n s p o r t . The 
s u r p r i s i n g l y l a r g e amounts o f l i t t o r a l s e d i m e n t t r a p p e d by c o a s t a l 
e n g i n e e r i n g s t r u c t u r e s , such as h a r b o r s , g r o i n s , e t c . , have l ed t o o u r 
p r e s e n t i n s i g h t i n t o t h e h i g h r a t e s o f l i t t o r a l t r a n s p o r t by waves and 
c u r r e n t s . 

A l o n g t h e C a l i f o r n i a c o a s t t h e p r i n c i p a l s o u r c e s o f beach and 
n e a r s h o r e s e d i m e n t s have been t h e r i v e r s w h i c h b r o u g h t l a r g e q u a n t i t i e s o f 
sand d i r e c t l y t o t h e o c e a n ; t h e sea c l i f f s o f u n c o n s o l i d a t e d m a t e r i a l , 
w h i c h a r e e roded by waves; and m a t e r i a l o f b iogenous o r i g i n ( s h e l l f r a g ­
men ts and s k e l e t o n s o f sma l l m a r i n e a n i m a l s ) . O c c a s i o n a l l y , s e d i m e n t 
may be s u p p l i e d by e r o s i o n o f u n c o n s o l i d a t e d d e p o s i t s i n o f f s h o r e s h a l l o w 
w a t e r . For e x a m p l e , beach s e d i m e n t s on t h e c o a s t s o f Hoi l a n d a r e d e r i v e d 
i n p a r t f r om t h e s h a l l o w w a t e r s o f t h e N o r t h Sea. G e n e r a l l y , w e s t c o a s t 
c o n t i n e n t a l s h e l v e s a r e t o o s t e e p f o r o f f s h o r e d e p o s i t s t o be o f i m p o r t ­
a n c e , a l t h o u g h t h e s h e l v e s o f f t h e e a s t c o a s t o f t h e U n i t e d S t a t e s may 
c o n t r i b u t e some sand t o t h e b e a c h e s . Windblown sand may be a s o u r c e o f 
beach s e d i m e n t , a l t h o u g h w inds a r e u s u a l l y more e f f e c t i v e in r e m o v i n g 
sand f r o m beaches t h a n in s u p p l y i n g i t . 

S t reams and r i v e r s a r e t h e most i m p o r t a n t s o u r c e o f sand f o r beaches 
in t e m p e r a t e l a t i t u d e s . S u r p r i s i n g l y , t h e c o n t r i b u t i o n o f sand by s t r e a m s 
in a r i d c o u n t i e s i s a l s o q u i t e h i g h . T h i s i s because w e a t h e r i n g i n a r i d 
c l i m a t e s p roduces s a n d - s i z e m a t e r i a l and low r a i n f a l l s u p p o r t s a min imum 
c o v e r o f v e g e t a t i o n . The o c c a s i o n a l f l a s h f l o o d s in a r i d c l i m a t e s may 
t r a n s p o r t l a r g e vo lumes o f s a n d . D u r i n g t h e f l o o d o f 1938 t h e Los A n g e l e s 
R i v e r i s e s t i m a t e d t o have d e p o s i t e d a b o u t 5 , 5 0 0 , 0 0 0 c u b i c y a r d s o f 
s e d i m e n t i n o u t e r Los A n g e l e s H a r b o r ( T r o x e l l , 1942, p. 3 8 0 ) . The same 
f l o o d p roduced a d e p o s i t o f a b o u t 1 0 , 0 0 0 , 0 0 0 c u b i c y a r d s in t h e d e l t a o f 
t h e Santa C l a r a R i v e r s o u t h o f V e n t u r a . 
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C l i f f e r o s i o n p r o b a b l y does n o t a c c o u n t f o r more t h a n a b o u t I t o 30 
pe r c e n t o f t h e m a t e r i a l on most b e a c h e s . Wave e r o s i o n o f r o c k y c o a s t s 
i s u s u a l l y s l o w , even where t h e r o c k s a r e r e l a t i v e l y s o f t s h a l e s . On t h e 
o t h e r h a n d , r e t r e a t s g r e a t e r t h a n one y a r d a r e n o t uncommon in u n c o n s o l i ­
d a t e d sea c l i f f s . H i s t o r i c a l r e c o r d s show t h a t some c l i f f s o f u n c o n s o l i ­
d a t e d m a t e r i a l a t Cape Cod have r e t r e a t e d as much as 1000 f e e t in t h e 
l a s t 100 y e a r s ( S h e p a r d , 1963, p. 1 7 5 ) . On t h e o t h e r hand, Shepard and 
Inman ( 1 9 5 1 ) , i n a s t u d y a l o n g t h e c o a s t n o r t h o f La J o l l a , C a l i f o r n i a , 
d e t e r m i n e d t h a t t h e c o n t r i b u t i o n f rom c l i f f e r o s i o n was o n l y a b o u t 2 pe r 
c e n t . 

D u r i n g r e c e n t y e a r s , sand d redged f r o m new h a r b o r s has c o n s t i t u t e d a 
m a j o r p o r t i o n o f t h e t o t a l l i t t o r a l d r i f t o f sand in some a r e a s . Between 
1939 and 1945, d r e d g i n g f r o m t h e San D iego Bay c o n t r i b u t e d 2 8 , 0 0 0 , 0 0 0 
c u b i c y a r d s o f sand t o t h e beach a l o n g t h e S i l v e r S t r a n d . 

The l i t t o r a l sand i s t r a n s p o r t e d a l o n g t h e c o a s t u n t i l i t r e a c h e s a 
" s i n k " o f some k i n d . In t h e sense o f t h e budge t o f l i t t o r a l s a n d , a 
s i n k i s any mechanism t h a t t a k e s sand f r o m t h e l o n g s h o r e t r a n s p o r t r e g i m e . 
A l o n g t h e C a l i f o r n i a c o a s t l i n e t h e r e a r e two p r i n c i p a l s i n k s : l o s s f r o m 
t h e beach by w i n d t r a n s p o r t i n l a n d and l osses i n t o t h e heads o f s u b m a r i n e 
canyons t h a t t r a v e r s e t h e s h e l f . I t i s e s t i m a t e d t h a t w i n d t r a n s p o r t s 
o v e r 2 0 0 , 0 0 0 c u b i c y a r d s o f sand p e r y e a r i n l a n d a l o n g t h e 3 5 - m i l e c o a s t ­
l i n e f r o m Pismo Beach t o P o i n t A r g u e l l o , C a l i f o r n i a , and o v e r one m i l l i o n 
c u b i c y a r d s p e r y e a r i n l a n d a l o n g t h e c o a s t o f V i z c a i n o Bay, B a j a 
C a l i f o r n i a , M e x i c o . The t r a n s p o r t r a t e o f t h e sand was shown t o be 
r e l a t e d t o t h e w i n d power by a r e l a t i o n o f t h e f o rm o f e q u a t i o n ( 2 ) ( Inman 
e t a l , i n p r e s s ) . The l o s s down submar i ne canyons i s d e s c r i b e d i n t h e 
f o l l o w i n g s e c t i o n . 

BUDGET ALONG THE PRECIPITOUS COASTLINE OF SOUTHERN CALIFORNIA 

S t u d i e s show t h a t t h e s o u t h e r n C a l i f o r n i a c o a s t a l r e g i o n can be 
d i v i d e d i n t o s e v e r a l d i s c r e e t s e d i m e n t a t i o n c e l l s , each c o n t a i n i n g a 
c o m p l e t e c y c l e o f l i t t o r a l t r a n s p o r t a t i o n and s e d i m e n t a t i o n ( F i g u r e 4 ) . 
The p r i n c i p a l s o u r c e s o f s e d i m e n t f o r each l i t t o r a l c e l l were t h e r i v e r s 
w h i c h p e r i o d i c a l l y s u p p l i e d l a r g e q u a n t i t i e s o f sandy m a t e r i a l t o t h e 
c o a s t . The sand i s t r a n s p o r t e d a l o n g t h e c o a s t by i n t e r m i t t e n t wave 
a c t i o n u n t i l t h e l i t t o r a l r i v e r o f sand i s i n t e r c e p t e d by a s u b m a r i n e 
c a n y o n , wh i ch d i v e r t s and c h a n n e l s t h e f l o w o f sand i n t o a d j a c e n t s u b ­
m a r i n e b a s i n s and d e p r e s s i o n s . 

A t y p i c a l l i t t o r a l c e l l b e g i n s w i t h a s t r e t c h o f r o c k y c o a s t w h e r e 
t h e s u p p l y o f sand i s l i m i t e d ( F i g u r e 4 ) . In a down c o a s t d i r e c t i o n , 
d e t e r m i n e d by t h e p r e v a i l i n g waves , t h e beaches g r a d u a l l y become w i d e r and 
t h e c o a s t l i n e s t r a i g h t e n s where t h e s t r e a m s s u p p l y a s u f f i c i e n t amoun t o f 
s a n d . Submar ine canyons t e r m i n a t e t h e l i t t o r a l c e l l by c a p t u r i n g t h e 
s u p p l y o f s a n d , t h u s c a u s i n g t h e n e x t l i t t o r a l c e l l t o b e g i n w i t h a r o c k y 
c o a s t d e v o i d o f beaches , e t c . Four c e l l s can be d e f i n e d f o r s o u t h e r n 
C a l i f o r n i a ( Inman and C h a m b e r l a i n , 1 9 5 9 ) . 
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A d e t a i l e d s t u d y was made o f t h e San Pedro c e l l and Newpor t Submar ine 
Canyon . P r i o r t o t h e b u i l d i n g o f f l o o d c o n t r o l dams, sand was b r o u g h t t o 
t h e c o a s t by t h e m a j o r r i v e r s , t h e Los A n g e l e s , San G a b r i e l , and t h e Santa 
Ana , and t h e n t r a n s p o r t e d a l o n g t h e c o a s t t o t h e s o u t h and e a s t by wave 
a c t i o n and w a v e - g e n e r a t e d c u r r e n t s . The b u l k o f t h e l i t t o r a l l oad was 
d e p o s i t e d in Newpor t Submar ine Canyon, wh ich appea rs t o f u n c t i o n as a 
c o n d u i t t h r o u g h wh ich t h e sand i s t r a n s p o r t e d i n t o deeper w a t e r . On ly 
m i n o r amounts o f m a t e r i a l a r e t r a n s p o r t e d t o t h e s o u t h e a s t a r o u n d t h e 
heads o f Newpor t Submar ine Canyon and o n t o Newpor t S p i t . C a l c u l a t i o n s o f 
l o n g s h o r e t r a n s p o r t u s i n g e q u a t i o n ( 7 a ) g i v e a n e t s o u t h e r l y t r a n s p o r t o f 
3 0 0 , 0 0 0 c u b i c y a r d s / y e a r a t Sunse t Beach in Newpor t l i t t o r a l c e l l . T h i s 
i s in good ag reemen t w i t h e s t i m a t e s o f t h e Corps o f E n g i n e e r s based on 
t h e r a t e s o f e r o s i o n o f sand p l a c e d in t h e a rea ( H e r r o n and H a r r i s , 1 9 5 2 ) . 

TYPES OF BEACH AND COASTLINE 

The a l i g n m e n t o f t h e land m a r g i n ; s t r u c t u r a l e l e m e n t s , such as 
h e a d l a n d s ; and t h e m e t e o r o l o g i c a l and wave e n v i r o n m e n t a r e a l l r e f l e c t e d 
in c h a r a c t e r i s t i c beach and s h o r e l i n e geomet ry and d y n a m i c s . These e f f e c t s 
a r e w e l l d e m o n s t r a t e d a l o n g t h e s h o r e l i n e o f C a l i f o r n i a . 

The d i f f e r e n c e s in wave c l i m a t e between n o r t h e r n and s o u t h e r n 
C a l i f o r n i a a r e p a r t i c u l a r l y w e l l shown in t h e c h a r a c t e r o f t h e beaches 
and c o n t i n e n t a l s h e l v e s . To t h e n o r t h o f P o i n t C o n c e p t i o n , h i g h b r e a k e r s 
p r o d u c e w ide s u r f zones and r e l a t i v e l y g e n t l e beach s l o p e s compared t o 
s o u t h e r n C a l i f o r n i a . E x c e p t i o n a l n o r t h e r n a r e a s where waves a r e g e n e r a l l y 
low a r e r e s t r i c t e d t o i s o l a t e d embayments such as Drakes Bay, San F r a n c i s c o 
Bay , and Ha I fmoon Bay. In c o n t r a s t , t h e s o u t h e r n beaches a r e s t e e p and 
r e l a t i v e l y n a r r o w . O f f s h o r e i s l a n d s a t t e n u a t e s w e l l and l o c a l seas a r e 
se ldom h igh , s i n c e i n t e n s e w i n d s a r e uncommon. 

The p o s i t i o n o f head lands has an i m p o r t a n t e f f e c t on b e a c h e s . 
C o a s t a l a r e a s w i t h l i m i t e d s e d i m e n t s u p p l y o r w i t h c l o s e l y spaced h e a d ­
l a n d s have o n l y sma l l p o c k e t b e a c h e s . Where t h e head lands a r e f a r a p a r t 
and sand s u p p l y a d e q u a t e , t h e beaches a r e w ide and l o n g . As e x a m p l e s , 
t h e t h r e e h e a d l a n d s o f r e s i s t a n t r o c k . P o i n t S a l , P u r i s i m a P o i n t , and 
P o i n t A r g u e l l o , a c t as l a r g e , n a t u r a l g r o i n s i n t e r r u p t i n g t h e l o n g s h o r e 
t r a n s p o r t o f sand and c a u s i n g l o n g , s t r a i g h t beaches t h a t t r e n d p e r p e n ­
d i c u l a r t o t h e p r e v a i l i n g waves wh ich come f rom t h e wes t n o r t h w e s t . The 
e f f e c t o f t h i s beach a l i g n m e n t i s t o r educe t h e r a t i o between t h e n e t 
l o n g s h o r e wave power and t h e t o t a l l o n g s h o r e wave power , and hence t o 
r e d u c e t h e l o n g s h o r e t r a n s p o r t o f s e d i m e n t . The h e a d l a n d s a l s o channe l 
w e s t e r l y w inds o v e r t h e r e l a t i v e l y w ide beaches c a u s i n g l a r g e amounts o f 
sand t o be b lown i n l a n d and l o s t f r om t h e beach a r e a . 

UTILIZATION OF BEACH AND INSHORE WATERS 

To t h e a v e r a g e c i t i z e n beach and i n s h o r e w a t e r s a r e p l a y g r o u n d a r e a s 
o r s i m p l y p l e a s a n t p l a c e s t o go t o e n j o y t h e b e a u t i e s o f an u n s p o i l e d 
n a t u r a l e n v i r o n m e n t . To t h e bus inessman o r m i l i t a r y man o t h e r uses a r e 
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of g r e a t e r i m p o r t a n c e and i n t e r e s t . A l l uses a r e en l ianced i f t h e a r e a s 
can be g i v e n a degree o f s t a b i l i t y and permanence and be k e p t f r e e o f 
man-made p o l l u t i o n o f a l l k i n d s . 

Common r e c r e a t i o n a l uses i n c l u d e sw imming , s u r f i n g , sun b a t h i n g , 
p i c n i c i n g , t i d e p o o l i n g , s h e l l h u n t i n g , b o a t i n g , w a t e r s k i i n g , f i s h i n g , 
c l a m m i n g , e t c . W h i l e t h e r e q u i r e m e n t s f o r r e c r e a t i o n a l uses o f beaches 
a r e n o t a l l c o m p a t i b l e , a e s t h e t i c s in t e rms o f p i c t u r e s q u e n e s s , c l e a n l i ­
n e s s , absence o f o v e r c r o w d i n g , absence o f w a t e r and a i r p o l l u t i o n a r e a l l 
i m p o r t a n t , bu t h a r d t o d e f i n e , c o n c e p t s in r e c r e a t i o n a l p l a n n i n g f o r 
b e a c h e s . I t i s a p p a r e n t t h a t a c l e a n , sandy beach near a wooded h e a d l a n d 
has f a r g r e a t e r appea l t h a n a "Coney I s l a n d " t y p e . In v i ew o f t h e p o p u l a ­
t i o n p r e s s u r e s on m a r i n e r e c r e a t i o n , s e r i o u s c o n s i d e r a t i o n s h o u l d be g i v e n 
t o t h e f o r m a t i o n o f new s h o r e l i n e s f o r r e c r e a t i o n a l pu rposes i n h e a v i l y 
p o p u l a t e d a r e a s . In s o u t h e r n C a l i f o r n i a and H a w a i i , new s h o r e l i n e s s h o u l d 
I n c l u d e p r o v i s i o n s f o r s u r f i n g and sw imming ; w h i l e in n o r t h e r n C a l i f o r n i a , 
Oregon , W a s h i n g t o n , and t h e New Eng land s t a t e s , t h e emphas is s h o u l d be on 
a c c e s s f o r w a l k i n g , c l a m m i n g , and p i c n i c i n g , wh i ch a r e more l i k e l y u s e s . 

Commercia l uses i n c l u d e h a r b o r s , s h i p p i n g , and h ighway 's ; i n d u s t r i a l 
uses i n c l u d e f i s h i n g , m i n i n g , and was te di s p o s a 1 ; w h i l e m i I i t a r y uses 
i n c l u d e p r a c t i c e a r e a s f o r a m p h i b i o u s l a n d i n g s , sea p l a n e l a n d i n g s , e t c . 
These uses a l l have q u i t e d i f f e r e n t r e q u i r e m e n t s f r o m r e c r e a t i o n a l u s e s , 
and p r o p e r p l a n n i n g s h o u l d r e s u l t in s e p a r a t i o n i n s o f a r as p o s s i b l e . 

CONFLICTS OF INTEREST AND COMPATIBILITY OF USE 

The many k i n d s o f use o f s h o r e l i n e r e q u i r e c a r e f u l a n a l y s i s i f we 
a r e t o u t i l i z e o u r s h o r e l i n e s e f f i c i e n t l y . Even w i t h i n t h e c a t e g o r y o f 
r e c r e a t i o n , i t i s c l e a r t h a t sw imming , b o a t i n g , and f i s h i n g a r e n o t a l w a y s 
c o m p a t i b l e in t h e same w a t e r s . In g e n e r a l , r e c r e a t i o n a l , c o m m e r c i a l , and 
i n d u s t r i a l uses t e n d t o be i n c o m p a t i b l e u n l e s s c a r e f u l l y p l a n n e d . P l a n ­
n i n g s h o u l d d e f i n e a r e a s t h a t can be p o s t e d so t h a t a c t i v i t i e s such as 
w a t e r s k i i n g , b o a t r a c i n g , e t c . , a re k e p t o u t o f s h i p p i n g l a n e s ; and 
t h e s e , in t u r n , s h o u l d be r e s t r i c t e d f rom swimming a r e a s . U n t i l r e c e n t l y 
t h e r e has been l i t t l e c o n f l i c t between commerc ia l and s p o r t f i s h i n g ; 
howeve r , w i t h t h e i n c r e a s e d use o f i n s h o r e w a t e r s , i t w i l l become n e c e s s a r y 
t o s e p a r a t e t h e s e k i n d s o f a c t i v i t i e s as w e l l . 

H a r b o r s and beach r e c r e a t i o n - R e l a t i v e l y deep w a t e r n e a r s h o r e i s 
d e s i r a b l e f o r h a r b o r s , w h i l e t h e c o n v e r s e i s t r u e f o r beaches . H a r b o r 
e n t r a n c e s c o n s t r u c t e d t h r o u g h beaches i n t e r r u p t t h e l o n g s h o r e t r a n s p o r t 
o f s a n d . P rope r d e s i g n o f b r e a k w a t e r and sand b y - p a s s i n g can m i n i m i z e 
c o n f l i c t and c r e a t e p r o t e c t e d w a t e r s f o r bo th r e c r e a t i o n and s h i p p i n g . 
The d r e d g i n g o f l i t t o r a l sands t h a t f r e q u e n t l y accompan ies t h e c o n s t r u c ­
t i o n o f new h a r b o r s and t h e e n l a r g e m e n t o f e x i s t i n g h a r b o r s p r o v i d e s a 
s i g n i f i c a n t p o r t i o n o f t h e sand on s o u t h e r n C a l i f o r n i a b e a c h e s . I t may be 
p o s s i b l e in some cases t o s c h e d u l e d r e d g i n g a t i n t e r v a l s o v e r l ong p e r i o d s 
o f t i m e t o c o i n c i d e w i t h demand f o r beach s a n d . 
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The p r e s e n t t r e n d in s h i p p i n g t o w a r d l a r g e d e e p - d r a f t v e s s e l s 
s u g g e s t s t h a t some i n d u s t r i a l h a r b o r s s h o u l d u t i l i z e o f f s h o r e i s l a n d s and 
deep a n c h o r a g e s r a t h e r t h a n d r e d g i n g i n l a n d h a r b o r a r e a s . 

H i qhways - There t e n d s t o be a c o n c e n t r a t i o n o f p o p u l a t i o n in c e n t e r s 
d i s t r i b u t e d a l o n g c o a s t a l a r e a s . L o g i c a l l y t h e r e i s a demand f o r roads 
c o n n e c t i n g t h e s e c e n t e r s o f p o p u l a t i o n , as w e l l as f o r p r o v i d i n g a c c e s s 
t o beach a r e a s . 

In most i n s t a n c e s use o f beach f r o n t a g e f o r r i g h t s - o f - w a y s h o u l d 
be d i s c o u r a g e d . In cases where l a n d a l i g n m e n t s o f n e a r - b e a c h h ighways 
w o u l d be i n o r d i n a t e l y e x p e n s i v e because o f d i f f i c u l t t e r r a i n o r h i g h -
p r i c e d r e a l e s t a t e , o v e r - a l l economy may r e s u l t i f t h e c o n s t r u c t i o n i s on 
o f f s h o r e m o l e s , t h e c o s t s o f w h i c h can be s h a r e d w i t h h a r b o r and r e c r e a ­
t i o n a l d e v e l o p m e n t (see U. S, Corps o f E n g i n e e r s , 1 9 5 3 ) . 

PRESERVATION OF EXISTING BEACHES 
AND DEVELOPMENT OF NEW SHORELINES 

Many o f t h e b a s i c f a c t o r s a p p l i c a b l e t o t h e p r e s e r v a t i o n o f e x i s t i n g 
beaches a r e a l s o f u n d a m e n t a l t o t h e deve lopmen t o f new b e a c h e s . These 
a r e : a ) s u f f i c i e n t l y g e n t l e o f f s h o r e s l o p e s t o e s t a b l i s h e q u i l i b r i u m 
e n e r g y p r o f i l e ( e q u a t i o n 4 ) , b ) a d e q u a t e s u p p l y o f s a n d , and c ) t h e 
c o r o l l a r y f a c t o r o f r e l a t i v e l y low l o n g s h o r e t r a n s p o r t o f sand ( e q u a t i o n 
7 ) . These c o n t r a s t w i t h i n d u s t r i a l and commerc ia l s h o r e l i n e f a c i l i t i e s , 
such as h a r b o r s , where s t e e p o f f s h o r e s l o p e s and deep w a t e r s n e a r s h o r e 
a r e d e s i r a b l e f e a t u r e s . 

BEACH PRESERVATION 

S i n c e e x i s t i n g beach a r e a s have g e n t l e o f f s h o r e s l o p e s , t h e i r 
p r e s e r v a t i o n u s u a l l y c e n t e r s a r o u n d measures t h a t p r o v i d e c o n t i n u i n g 
s o u r c e s o f sand a n d / o r d e c r e a s i n g r a t e s o f l o n g s h o r e t r a n s p o r t . To some 
e x t e n t t h e s e i n v o l v e w i d e n i n g and c h a n g i n g t h e a l i g n m e n t o f beaches and 
t h u s t h e c r e a t i o n o f new b e a c h e s . 

Methods o f p r o v i d i n g sand s o u r c e s - There a r e a number o f me thods 
t h a t p r o m i s e t o p r o v i d e c o n t i n u i n g s o u r c e s o f sand f o r b e a c h e s . T h e r e a r e 
s e v e r a l p o s s i b i l i t i e s o f u t i l i z i n g o t h e r un tapped n a t u r a l r e s o u r c e s o f 
s a n d , such as t h e l a y e r o f sand t h a t in p l a c e s c o v e r s t h e c o n t i n e n t a l 
s h e l v e s (Taney , 1955) and sand b lown i n l a n d and s t o r e d in c o a s t a l d u n e s . 
T h e r e i s a l s o t h e p o s s i b i l i t y o f d r e d g i n g sand t h a t has been t r a p p e d 
b e h i n d dams, as w e l l as t h e p r o c e d u r e a l r e a d y m e n t i o n e d o f d r e d g i n g sand 
f r o m h a r b o r s . 

Hov;ever u s e f u l as immed ia te r e m e d i e s , a l l o f t h e s e s o u r c e s w i l l 
e v e n t u a l l y be consumed. I t seems w i s e t o c o n s i d e r measures t h a t w i l l 
p r e v e n t t h e l o s s o f sand t h a t i s a l r e a d y on t h e beach b e f o r e i t i s l o s t 
i n s u b m a r i n e c a n y o n s . For e x a m p l e , sand c o u l d be t r a p p e d a r t i f i c i a l l y 
j u s t b e f o r e e n t e r i n g t h e s u b m a r i n e canyon head and r e p l a c e d on an up 
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c o a s t beach by h y d r a u l i c pump ing . Such a p r o c e d u r e has been s u g g e s t e d 
f o r sand t h a t i s l o s t down Newpor t Submar ine Canyon ( H e r r o n and H a r r i s , 
1 9 6 2 ) . In some cases i t may be f e a s i b l e t o dam t h e na r row i n s h o r e poi— 
t i o n s o f some submar ine canyons and t h u s p r e v e n t sand l o s s e s . 

A comprehens i ve s t u d y s h o u l d be c o n d u c t e d o f o u r n a t u r a l sand 
r e s o u r c e s i n c l u d i n g t h e p r e - m o d e r n d e p o s i t s o f sand t h a t o c c u r on t h e 
c o n t i n e n t a l s h e l f . I t i s p o s s i b l e t h a t a combined o p e r a t i o n i n v o l v i n g 
t h e m i n i n g o f o f f s h o r e sands f o r t h e i r m i n e r a l v a l u e , t h e n p l a c i n g t h e 
s p o i l s on t h e b e a c h , wou ld be e c o n o m i c a l l y f e a s i b l e . The s t u d y o f t h e 
mechanism o f sand movement down s u b m a r i n e canyons and methods o f i n t e r ­
c e p t i n g t h i s t r a n s p o r t s h o u l d r e c e i v e h i g h p r i o r i t y . 

Methods o f d e c r e a s i n g t h e l o n g s h o r e t r a n s p o r t r a t e s o f sand - The 
r a t e o f l o n g s h o r e t r a n s p o r t o f sand i s d i r e c t l y p r o p o r t i o n a l t o t h e 
l o n g s h o r e component o f t h e wave ene rgy d i s s i p a t e d in t h e s u r f z o n e . 
T h e r e f o r e , any measures t h a t : a ) dec rease t h e a n g l e t h a t t h e b r e a k i n g 
waves make w i t h t h e beach ( b r e a k e r a n g l e ) , o r b ) dec rease t h e wave 
e n e r g y , w i l l dec rease t h e l o n g s h o r e t r a n s p o r t o f s a n d . 

G r o i n s have p r o v e d t o be t h e most common e n g i n e e r i n g s t r u c t u r e t h a t 
p r o d u c e s a dec rease in t h e b r e a k e r a n g l e ( F i g u r e 5 ) . G r o i n s c o n s i s t o f 
w a l l s o f rock r u b b l e o r s h e e t p i l i n g t h a t e x t e n d seaward f r o m t h e u p p e r 
b e a c h , u s u a l l y t o a p o i n t some d i s t a n c e seaward o f t h e b r e a k i n g w a v e s . 
G r o i n s t e m p o r a r i l y i n t e r r u p t t h e l o n g s h o r e t r a n s p o r t o f s a n d ; and i f 
p r o p e r l y d e s i g n e d , p e r m i t t h e t r e n d o f t h e beach f i l l e t between g r o i n s t o 
become a l i g n e d p e r p e n d i c u l a r t o t h e b r e a k i n g waves , t h u s d e c r e a s i n g t h e 
b r e a k e r a n g l e a n d , c o n s e q u e n t l y , t h e l o n g s h o r e t r a n s p o r t o f s a n d . 

Any s t r u c t u r e t h a t d i s s i p a t e s wave ene rgy b e f o r e t h e waves r e a c h t h e 
beach w i l l r e s u l t i n a d e c r e a s e d t r a n s p o r t o f sand a l o n g t h e b e a c h . T h e r e 
a r e a v a r i e t y o f s t r u c t u r e s t h a t d i s s i p a t e wave ene rgy b e f o r e t h e waves 
reach t h e b e a c h . These i n c l u d e c u r t a i n s o f a i r b u b b l e s , submerged r e e f s 
and d i k e s , and d e t a c h e d b r e a k w a t e r s . A d e t a c h e d b r e a k w a t e r i s one l o c a t e d 
some d i s t a n c e o f f s h o r e and a l i g n e d p a r a l l e l t o t h e s h o r e . The t y p e 
examples a r e t h e W i n t h r o p Beach, M a s s a c h u s e t t s , B r e a k w a t e r c o n s t r u c t e d i n 
1931-33 and t h e Santa M o n i c a , C a l i f o r n i a , B r e a k w a t e r wh i ch was b u i l t i n 
1933-34 f o r a s m a l l b o a t h a r b o r . 

A d e t a c h e d b r e a k w a t e r d i s s i p a t e s wave ene rgy by c a u s i n g waves t o 
b reak a l o n g i t s e n t i r e l e n g t h . Thus , t h e r e i s an absence o f wave e n e r g y 
o r a "wave shadow" d i r e c t l y b e h i n d t h e b r e a k w a t e r . D i f f r a c t i o n o f waves 
t o e i t h e r s i d e o f t h e b r e a k w a t e r and t h e v a r i a b i l i t y in t h e d i r e c t i o n o f 
a p p r o a c h o f t h e i n c i d e n t waves g r a d u a l l y e l i m i n a t e s t h e shadow zone i n a 
down-wave d i r e c t i o n . I f t h e s t r u c t u r e i s s u f f i c i e n t l y d i s t a n t f r o m t h e 
s h o r e , t h e wave shadow does n o t f a l l upon t h e s h o r e ; and t h e r e i s 
r e l a t i v e l y l i t t l e e f f e c t a t t h e s h o r e l i n e . I f t h e s t r u c t u r e i s c l o s e t o 
t h e s h o r e , t h e wave shadow f a l l s d i r e c t l y on t h e s h o r e and causes t h e sand 
t o a c c r e t e b e h i n d t h e b r e a k w a t e r ( F i g u r e 6 ) . E x p e r i e n c e a l o n g t h e 
s o u t h e r n C a l i f o r n i a c o a s t i n d i c a t e s t h a t p ronounced a c c r e t i o n does n o t 
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Figure 6. Aer ia l photograph of a brealovater at Venice, Santa Monica Bay, California. 
Wave shadow i n lee of brealcwater has caused a tombolo to f o r m joining brealcwater 
to the beach. 
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o c c u r i f -fhe s t r u c t u r e i s s i t u a t e d o f f s h o r e a d i s t a n c e equa l t o o r g r e a t e r 
t h a n 3 t o 5 t i m e s t h e l e n g t h o f t h e d e t a c h e d b r e a k v / a t e r . An examp le o f 
t h e a c c r e t i o n b e h i n d a d e t a c h e d b r e a k w a t e r i s shown by c o m p a r i s o n o f 
s u r v e y s in t h e v i c i n i t y o f t h e V e n i c e P i e r B r e a k w a t e r ( F i g u r e 7 ) . T h i s 
b r e a k w a t e r i s 600 f e e t long and was c o n s t r u c t e d in 1905 t o p r o t e c t t h e 
V e n i c e Amusement P i e r . The b r e a k w a t e r was o r i g i n a l l y a b o u t 1000 f e e t 
seaward o f t h e mean lower low w a t e r l i n e . A l t h o u g h i t r e m a i n e d " d e t a c h e d " , 
t h e e f f e c t o f wave shadow and t h e p i l i n g s o f t h e V e n i c e P i e r caused t h e 
beach t o b u i l d a b o u t 300 f e e t seaward as shown by t h e 1935 s u r v e y ( F i g u r e 
7 ) . In 1948, d e p o s i t i o n o f 1 4 , 0 0 0 , 0 0 0 c u b i c y a r d s o f d redged sand caused 
t h e beach t o b u i l d seaward so t h a t i t s g e n e r a l a l i g n m e n t n o r t h and s o u t h 
o f t h e b r e a k w a t e r was a b o u t 900 f e e t f r om t h e b r e a k w a t e r . The r e s u l t i n g 
wave shadow caused t h e a d d i t i o n a l a c c r e t i o n b e h i n d t h e b r e a k w a t e r u n t i l 
t h e s h o r e l i n e j o i n e d t h e b r e a k w a t e r , f o r m i n g an a r t i f i c i a l t o m b o l o w i t h 
t h e b r e a k w a t e r a t i t s apex as shown by t h e 1953 s u r v e y . The V e n i c e P i e r 
has s i n c e been removed , b u t t h e a r t i f i c i a l t o m b o l o f o rmed by t h e 
d e t a c h e d b r e a k w a t e r e x i s t s t o d a y . 

INLET STABILITT 

The s i z e o f t h e e n t r a n c e c h a n n e l s i n t o t i d a l l agoons t h a t b o r d e r 
sandy s h o r e l i n e s i s r e l a t e d t o t h e vo lume o f t h e t i d a l p r i s m o f t h e 
l a g o o n . The s i t u a t i o n seems a n a l o g o u s t o t h a t f o r r i v e r s , where t h e 
s e c t i o n a l a r e a i s r e l a t e d t o t h e s t r e a m d i s c h a r g e . In t h e t i d a l i n l e t 
t h e r e a p p e a r s t o be a b a l a n c e between t h e s c o u r i n g a c t i o n s o f t h e t i d a l 
c u r r e n t s , t h a t t e n d t o keep t h e c h a n n e l s o p e n , and t h e l o n g s h o r e t r a n s ­
p o r t o f beach s a n d , t h a t t e n d s t o c l o s e t h e m . An e n t r a n c e c h a n n e l t h a t 
m a i n t a i n s a c o n s t a n t c r o s s - s e c t i o n a l a r e a , w h i l e c r o s s i n g a sandy b e a c h , 
has a t t a i n e d an e q u i l i b r i u m w i t h t h e t i d a l f l o w and i s somet imes r e f e r r e d 
t o as a s c o u r ing c h a n n e l . E q u i l i b r i u m does n o t imp Iy a s t a b i I i t y o f 
channe l l o c a t i o n , b u t on I y a c o n s t a n c y in t h e r e l a t i o n between t i d a l f l o w 
and channe l c r o s s - s e c t i o n . I t has been o b s e r v e d t h a t e n t r a n c e c h a n n e l s 
m i g r a t e in t h e d i r e c t i o n o f t h e dom inan t l o n g s h o r e t r a n s p o r t , u n l e s s t h e 
c h a n n e l s a r e s t a b l i z e d n a t u r a l l y by h e a d l a n d s o r a r t i f i c i a l l y by j e t t i e s . 

O ' B r i e n ( 1 9 3 1 ) , u s i n g 16 h a r b o r s known t o have c h a n n e l s t h a t a p p r o x i ­
mate s c o u r i n g c o n d i t i o n s , showed t h a t t h e c r o s s - s e c t i o n a l a r e a o f t h e 
e n t r a n c e (be low mean sea l e v e l ) was p r o p o r t i o n a l t o t h e vo lume o f t h e 
t i d a l p r i s m r a i s e d t o t h e 0 . 8 5 power . The t i d a l p r i s m was t a k e n as t h e 
a r e a o f t h e t i d a l lagoon o r bay m u l t i p l i e d by t h e d i u r n a l r a n g e o f t i d e 
f o r P a c i f i c c o a s t h a r b o r s and by t h e mean range f o r A t l a n t i c c o a s t h a r b o r s . 
O ' B r i e n ' s d a t a r anged f rom San F r a n c i s c o Bay w i t h a t i d a l p r i s m o f 
8.1 x lO 'O f t ^ t o Newpor t Bay w i t h a p r i s m o f 2 . 0 x 10^ f t ^ . More 
r e c e n t l y , t h e e q u i l i b r i u m r e l a t i o n f o r a much s m a l l e r h a r b o r , t h e b o a t 
b a s i n a t Camp P e n d l e t o n near O c e a n s i d e , C a l i f o r n i a , was m e a s u r e d . The 
Camp P e n d l e t o n b o a t b a s i n was s u r v e y e d in 1956 f o l l o w i n g a l o n g p e r i o d 
w i t h o u t p r e v e n t a t i v e m a i n t e n a n c e d u r i n g w h i c h t h e channe l e n t r a n c e was 
p e r m i t t e d t o a t t a i n a c o n d i t i o n o f e q u i l i b r i u m w i t h t h e t i d a l f l o w . 
S i m i l a r measurements were o b t a i n e d f o r M i s s i o n Bay e n t r a n c e f o u r y e a r s 
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Figure 7. Comparative surveys of Venice Pier Brealcwater showing ^- '^^ j^gg^bounty , 
of a detached brealcwater on the adjacent beach. Surveys by Los 
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a f t e r t h e c o m p l e t i o n o f c o n s t r u c t i o n o f new j e t t i e s b o r d e r i n g t t i e e n t r a n c e 
channe l and p r i o r t o t h e commencement o f m a i n t e n a n c e d r e d g i n g . — ' 

The new da ta i s in s u r p r i s i n g l y good agreement w i t h O ' B r i e n ' s 
o r i g i n a l da ta ( F i g u r e 8 ) . T h i s s u g g e s t s t h a t t h e r e l a t i o n f o r sma l l t i d a l 
p r i s m s can be r e p r e s e n t e d w i t h s u f f i c i e n t a c c u r a c y by 

A = 4 . I X 1 0 - 4 T " - ^ * ^ ( L ^ + L^) ( 8 ) 

where A i s t h e minimum c r o s s - s e c t i o n a rea in squa re f e e t o f e n t r a n c e 
channe l measured be low mean sea l e v e l and T i s t h e vo lume in c u b i c f e e t 
o f t h e t i d a l p r i s m between t h e d i u r n a l range o f t i d e s . I t i s i n t e r e s t i n g 
t o n o t e t h e a n a l o g y t o s t r e a m s , where t h e s e c t i o n a l a r e a o f t h e s t r e a m 
v a r i e s as a power o f t h e d i s c h a r g e . From t h e o r e t i c a l c o n s i d e r a t i o n s 
Langbe in ( M y r i c k and L e o p o l d , 1 9 5 3 , pp . 1 5 - 1 7 ) shows t h a t t h e s e c t i o n a l 
a rea o f a s t r e a m s h o u l d v a r y as t h e 0 . 9 5 power o f t h e d i s c h a r g e . T h i s 
v a l u e i s in good ag reement w i t h f i e l d measurements in r i v e r s and s m a l l 
t i d a l c r e e k s ( R e d f i e l d , 1 9 5 5 ) . 

CREATION OF NEW BEACHES AND SHORELINES 

The r e c l a m a t i o n o f l and f rom t h e sea has been a p r o b l e m o f c o n s i d e r a b l e 
i n t e r e s t f o r c e n t u r i e s . The Dutch w i t h t h e i r m a j o r l and r e c l a m a t i o n 
p r o j e c t s ( p o l d e r s ) a r e t h e o u t s t a n d i n g examples o f a c c o m p l i s h m e n t in t h i s 
f i e l d . U n f o r t u n a t e l y , t h e use o f d i k e s t o w i t h h o l d t h e sea i s o n l y 
e c o n o m i c a l f o r l a r g e a r e a s o f s h a l l o w w a t e r a n d , h e n c e , does n o t g e n e r a l l y 
a p p l y t o C a l i f o r n i a , w i t h t h e p o s s i b l e e x c e p t i o n o f p o r t i o n s o f San 
F r a n c i s c o Bay. On t h e o t h e r hand , i t may a p p l y t o t h e U. S . G u l f c o a s t . 

A p r o c e d u r e f o r c r e a t i n g new l a n d , by e a r t h f i l l b e h i n d s o l i d o f f ­
s h o r e b u l k h e a d s , has r e c e i v e d e x t e n s i v e a p p l i c a t i o n a l o n g t h e I n l a n d Sea 
o f J a p a n . T h e r e , e n t i r e m o u n t a i n s have been removed t o f i l l t h e a r e a 
b e h i n d t h e b u l k h e a d s . T h i s p r o c e d u r e i s a t t r a c t i v e f o r i n d u s t r i a l 
d e v e l o p m e n t , as i t p r o v i d e s f l a t l and f o r b u i l d i n g s and p e r m i t s d e e p - d r a f t 
s h i p s t o l oad n e a r f a c t o r i e s . T h i s p r o c e d u r e s h o u l d a p p l y t o many 
i n d u s t r i a l p o r t i o n s o f t h e w o r l d . 

However , d i k e s and b u l k h e a d s do n o t u s u a l l y i n c r e a s e t h e l e n g t h o f 
s h o r e l i n e o r p r o v i d e f o r e x t e n s i v e a r e a s o f q u i e t w a t e r . C o n s t r u c t i o n o f 
o f f s h o r e i s l a n d s has p r o m i s i n g p o s s i b i l i t i e s a l o n g t h e C a l i f o r n i a c o a s t . 
I s l a n d s w o u l d p r o v i d e new l a n d , new s h o r e l i n e , and p r o t e c t e d w a t e r s i n 
t h e i r l e e . 

5^/ Va lues o f e n t r a n c e channe l a rea and t i d a l p r i s m vo lume f o r t h e Camp 
P e n d l e t o n b o a t b a s i n ( F e b r u a r y 1 9 5 5 ) and M i s s i o n Bay (March 1 9 5 4 ) a r e 
r e s p e c t i v e l y : A = 4 5 4 f t ^ , T = I . 1 4 x 1 0 ' ' f t ^ ; and A = I . 0 4 x lo'^, 

T = 4 . 5 6 X 1 0 ^ f t ^ . The e n t r a n c e channe l a rea i s t h e minimum c r o s s -
s e c t i o n a l a rea below mean sea l e v e l . The t i d a l p r i s m i s t h e vo lume 
between t h e d i u r n a l range o f t h e t i d e s . The Camp P e n d l e t o n b o a t b a s i n 
has s i n c e been m o d i f i e d and combined w i t h a l a r g e r f a c i l i t y . 
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Figure 8. Relation between the minimum cross-sectional area of the entrance 
chamiel A and the volume of the t idal p r i s m T. The chaimel entrance section 
is measured below mean sea level . 
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C o a s t l i n e s f i a v i n g g e n t l e o f f s h o r e s l o p e s c o u l d be e x t e n d e d seaward 
and s t a b i l i z e d by t h e c o n s t r u c t i o n o f a s e r i e s o f d e t a c h e d b r e a k w a t e r s 
wh ich l a t e r become a t t a c h e d ( F i g u r e 6 ) . When a t t a c h e d t o t h e s h o r e l i n e , 
t h e b r e a k w a t e r s w o u l d f o r m a s e r i e s o f head lands w i t h c o n c e n t r i c embay­
ments o f beach sand between t h e m . T h i s p r o c e d u r e has n o t been a t t e m p t e d 
on a l a r g e s c a l e , b u t m e r i t s f u r t h e r c o n s i d e r a t i o n . 

The c r e a t i o n o f new l and by b u i l d i n g l a r g e a r t i f i c i a l s p i t s a t t a c h e d 
t o t h e u p - d r i f t end o f head lands has a t t r a c t i v e p o s s i b i l i t i e s . An 
a r t i f i c i a l s p i t has been p roposed f o r Santa Mon ica Bay (U . S. Corps o f 
E n g i n e e r s , 1963; Dunham, 1965 ) . The p roposed s p i t wou ld be c o n n e c t e d t o 
a h e a d l a n d in Santa Mon ica Bay and e x t e n d t o t h e s o u t h p a r a l l e l i n g t h e 
p r e s e n t s h o r e l i n e f o r a b o u t 4 m i l e s . I t s p r i n c i p a l a d v a n t a g e s a r e t h a t 
i t wou ld add a p p r o x i m a t e l y 8 m i l e s o f new s h o r e l i n e and w o u l d p r o v i d e a 
l a r g e s h e l t e r e d a r e a f o r swimming and b o a t i n g . The p r i n c i p a l d i s a d v a n t a g e s 
a r e c o n c e r n e d w i t h t h e p rob lems o f m a i n t a i n i n g a beach on t h e seaward s i d e 
o f t h e a r t i f i c i a l s p i t . The ma in tenance o f beaches on t h e seaward p o r ­
t i o n s o f new land i s o f m a j o r conce rn and s h o u l d r e c e i v e a d d i t i o n a l s t u d y . 
A p o s s i b l e s o l u t i o n i s d i s c u s s e d in t h e f o l l o w i n g s e c t i o n . 

Perched beach - The p r i n c i p l e o f t h e e q u i l i b r i u m ene rgy p r o f i l e 
( F i g u r e I ; e q u a t i o n 4 ) i m p l i e s t h a t a beach c a n n o t be m a i n t a i n e d w i t h a 
s l o p e s t e e p e r t h a n t h e e q u i l i b r i u m s l o p e . Thus , t h e m a i n t e n a n c e o f a 
sandy beach on new land e x t e n d i n g seaward beyond t h e n a t u r a l s h o r e l i n e 
i s d i f f i c u l t because o f t h e n e c e s s a r y i n c r e a s e in s l o p e . I t has been 
s u g g e s t e d t h a t an a r t i f i c i a l beach c o u l d be m a i n t a i n e d i f i t was 
c o n s t r u c t e d w i t h e q u i l i b r i u m s l o p e s nea r t h e b r e a k e r zone , b u t " p e r c h e d 
o n " o r s u p p o r t e d a t i t s seaward end by a s o l i d submerged d i k e t h a t e x t e n d s 
some d i s t a n c e above t h e n a t u r a l sea f l o o r . 

The p e r c h e d beach c o n c e p t i s a new one t o c o a s t a l c o n s t r u c t i o n and 
r e s u l t s f r o m o b s e r v a t i o n s o f s i m i l a r n a t u r a l g e o l o g i c s i t u a t i o n s in a 
few a r e a s . F i g u r e 9 shows t h e e q u i l i b r i u m energy p r o f i l e o f a n a t u r a l 
p e r c h e d beach a t A lgodones in t h e G u l f o f C a l i f o r n i a . The beach i s 
p e r c h e d b e h i n d a s e d i m e n t a r y r ock o u t c r o p t h a t p a r a l I e l s t h e beach f o r 
i t s e n t i r e l e n g t h . The rock o u t c r o p i s a b o u t 9 f e e t be low,mean sea l e v e l , 
and t h e waves in t h i s l o c a l i t y a r e commonly a b o u t 3 f e e t h i g h . The 
p e r c h e d beach c o n c e p t has been s u g g e s t e d f o r use on t h e seaward f a c e o f 
t h e p r o p o s e d San ta Mon ica Causeway (U . S. Corps o f E n g i n e e r s , 1963; 
Dunham, 1 9 6 5 ) . Model s t u d i e s ( S a v i l l e , 1963; K a d i b , 1962) a n d t h e 
n a t u r a l beach a t A lgodones showed t h a t a deep s c o u r f o rms in t h e lee o f 
t h e submerged d i k e , w h i l e s e d i m e n t i s d e p o s i t e d on t h e seaward s i d e o f t h e 
d i k e . These e f f e c t s t e n d t o reduce t h e e f f e c t i v e n e s s o f t h e d i k e in 
r e t a i n i n g a pe rched beach . W iden ing t h e submerged d i k e may i n c r e a s e i t s 
e f f e c t i v e n e s s . 

W h i l e c e r t a i n f e a t u r e s o f t h e c o n c e p t a r e a t t r a c t i v e , i t must be 
r e c o g n i z e d t h a t i t i s u n t r i e d in p r o t o t y p e and t h a t i t s b e h a v i o r in model 
t e s t s may o r may n o t p r e d i c t i t s f u l l s c a l e b e h a v i o r . F u r t h e r model 



, ^ A V\\ .V \l«aA(NW<, \\\ \\ve Cull ol Caliioma. "Beac\i is peTched b e W 

the deviation P^^J^^' lis - 1 4 5 ) . 
J. sed. Pet., vol . 22, pp. 
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s t u d i e s s l i o u l d be d e s i g n e d t o d e t e r m i n e t h e opt imum d e p t h and w i d t h o f 
t h e submerged d i k e . 
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