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USTRACT 

C o a s t a l   s t r u c t u r e s   t h a t   i n t e r r u p t   t h e  
i o n g s h o r e   t r a n s p o r t   o f   s a n d   a l o n g   b e a c h e s   c a u s e  
e r o s i o n .  The e r o s i o n   " e v e n t "   t r a v e l s   d o w n c o a s t  
a s   a n   e r o s i o n  wave wi th   speeds   o f   abou t  2 km/yr 
( 1 . 2  m i / y i ) .   A l t e r n a t i v e l y ,   t h e   p l a c e m e n t   o f   l a r g e  
Q u a n t i t i e s   o f   d r e d g e   s p o i l  on the   beach ,   and   t he  
n a t u r a l   d e p o s i t i o n   o f   f l o o d   d e p o s i t s   f r o m   r i v e r s ,  
i n i t i a t e   a c c r e t i o n  waves t h a t   a l s o   t r a v e l  down- 
c o a s t .  The   p re sence   o f   e ros ion /acc re t ion   waves  
t r a v e l i n g  down t h e   c o a s t   c a u s e s   l o c a l   c y c l e s  o f  
e r o s i o n / a c c r e t i o n  on  downcoast  beaches.  

TEXT 

Oceanside !!arbor is b u i l t   o n   t h e   s a n d y   c o a s t  
o f   t h e   O c e a n s i d e   L i t t o r a l   C e l l .  It  i s  about  midway 
a l o n g   t h e   c e i l   w h i c h   e x t e n d s   f o r  90  km (56  m i l e s )  
from Dana P o i n t   t o   P o i n t  La J o l l a ,   C a l i f o r n i a .  On 
t h e   a v e r a g e .   t h e   n e t   l i t t o r a i   t r a n s p o r t  of  sand 
a ong t h e   c o a s t  i s  s o u t h e r l y   a t  a r a t e   o f  200,000 
~1 / y r  (260 ,000  yd / y r ) .  A d e s c r i p t i o n   o f   t h e   c e l l  
and i t s  s e d i a e n t   t r a n s p o r t   r a t e s  i s  g i v e n   i n  Xxuuan 
( t h i s   c o n f e r e n c e )   a n d  Inman and   J enk ins  (1983) .  

3 3 

The a n t e c e d e n t   h a r b o r   b e g a n   w i t h   c o n s t r u c t i o n  
o f   t he  Del :Iar  Eoat  Casin  and i t s  j e t t i e s   i n  1942. 
T h e r e   h a v e   b e e n   s i x   s i g n i f i c a c t   c o d i f i c a t i o n s   a n d  
e n l a r g e u e n t s   s i n c e   t h e n ,   l e a d i n g   t o   t h e   p r e s e n t  
h a r b o r ,   e s s e n t i a l l y   a s  shown i n   F i g u r e  1. The o r i -  
g i n a i   c o n s t r u c t i o n  and two o f   t h e   s i x   e n l a r g e m e n t s  
have  rlade  major  impacts on the  downcoast   beaches.  
The l a t t e r   a r e   t h e  1957/58 e x t e n s i o n   o f   t h e   n o r t h  
breakwater   and   the   d redging   of   the   ex tended   harbor  
i n  1962.  

The 1942 b r e a k w a t e r   i n t e r c e p t e d   s a n d ,   c a u s i n g  
a f i l l e t   b e a c h   t o   f o r m   u p c o a s t   w h i l e   t h e   j e t t y  
formed a r i p   c u r r e n t   t h a t   c a r r i e d   s a n d   s e a w a r d  

beyond   t he   su r f  zone. This   phase   o f   harbor   con-  
s t r u c t i o n   p r o d u c e d  3 downcoas t   e ros ion  wave t h a t  
had p roceede3   ove r  4 km downcoast  by 1950. T h i s  is 
shown i n   F i g u r e  2 by  the   compar isons  of  t h e  1934 
and 1950 s u r v e y s .  It i s  t o   b e   n o t e d   t h a t   t h e  

a c t u a l   e r o s i o n   f r o m   t h e   h a r b o r  is more e x t e n s i v e  
t h a n  shown i n   t h e   f i g u r e   b e c a u s e   l a r g e   v o l u m e s  of  
sand   were   supp l i ed   t o   t he   coas t   by   t he   b l a rch  1938 
f l o o d s  on the   Santa   Margar i ta   and   San   Luis   Eey  
R i v e r s .  

The n o r t h   b r e a k w a t e r   a t   O c e a n s i d e  was  extended 
2300 f t  t o  i t s  p r e s e n t   p o s i t i o n   i n  1957158. The 
c o n f i g u r a t i o n   o f   t h e   n o r t h   j e t t y   p r o d u c e s   h i g h  
t r a n s p o r t   r a t e s  a n d   s t r o n g   r i p   c u r r e n t s   f o r  waves 
approach ing   f rom  the   no r thwes t   a s  shovm i n   F i g u r e  
1. The c e n t r a l   p o r t i o n   o f   t h e   j e t t y   n e a r l y   p a r a l -  
l e l s   t h e   c r e s t s  of waves   f rom  the   no r thxes t ,   p ro -  
duc ing  a s t e e p   s l o p e   a n d   s t r o n g   c u r r e n t s .   T h i s  
r e l a t i o n   p r o d u c e s  a maximum t r a n s p o r t   o f   s a n d   a t  
t h i s   p o i n t   b e c a u s e   t h e   t r a n s p o r t   r a t e   i n c r e a s e s  
wi th   increas ing   s lope   (Whi te   and   Inman.  1 9 8 5 ) .  

The r i p   c u r r e n t   c a u s e s   s a n d   t o   b e   d e p o s i t e d  
o f f s h o r e   o f   t h e   s o u t h e r n   p o r t i o n   o f   t h e   n o r t h   j e t t y  
a n d   o u t   t o  d p t h s   i n   e x c e s s  o f  10 m e t e r s  (33  f t . ) .  
1,209,000 m (1 ,580 ,000  yd ) o f  sand  was  deposi ted 
b y   r i p   c u r r e n t   a c t i o 3   b e t w e e n  1942 and 1950. An 
a d d i t i o n a l  515,000 m (1 ,065 ,000  yd ) was d e p o s i t e d  
o f f shore   be tween  1950 and 1972 ( Inman  and  Jenkins ,  
1983) . 
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I n  1954  3 .1  m i l l i o n  m3 (4.0 m i l l i o n   y d 3 )  of  
sand  was  deposi ted on t h e   b e a c h   o u t s i d e   o f  Agua 
liedionda  Lagoon, 9 km ( 5 . 6  m i )  downcoast  from Oce- 
anside  IIarbor  (Shaw, 1 9 8 0 ) .  The  lagoon  was  dredged 
so t h a t  i t  c o u l d   b e   u s e d   a s  a s e t t l i n g   b a s i n   f o r  
t h e   c o o l i n g   w a t e r   i n t a k e  f o r  t h e   E n c i n i t a s  Power 
P l a n t .  

During 1962   2 .9  m i l l i o n  m3 ( 3 . 8  m i l l i o n  yd ) 
of  d r e d g e   s p o i l  was p l a c e d  on t h e   b e a c h e s   s o u t h   o f  
Oceans ide   Garbor .   Th i s   ma te r i a l  was f r o n   t h e  
dredging   of   Oceans ide   Smal l   Craf t   bas in ,   and   marked  
t h e   b e g i n n i n g   o f   p e r i o d i c   s a n d   n o u r i s h m e n t   f o r   t h e  
b e a c h e s   o f   s o u t h   O c e a n s i d e .   P r i o r   t o  1958 m a t e r i a l  
dredged  f rom  the  har l l ,? i   ) ;as   used  as   inland f i l l  
(InnIan  and  Jenkins. 1953) .  The l a r g e  amount  of 
m a t e r i a l   p l a c e d  on t h e   b e a c h   d u r i n g  1962 produced 
t h e   f i r s t   s i g n i f i c a n t   a c c r e t i o n  wave i n   t h e   h a r b o r s  
h e a r - f i e l d   s i n c e   t h e   h a r b o r  was b u i l t   i n  1942. A 
minor   f lood  on the   San   Lu i s  Rey R i v e r   i n   F e b r u a r y  
1969 s u p p l i e d   a b o u t  300,000 m3 o f   s a n d   t o   t h e   c o a s t  
(Brownl ie   and   Taylor ,  1981) .  

The  beaches  downcoast  from  the  Oceanside  Uar- 
bar h a v e   n o t   b e e n   m o n i t o r e d   s y s t e m a t i c a l l y .   S u r -  
veys   by   the  U.S.  ASmy Corps of Enginee r s   ex t ended  
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Figure 1. Formation of a r i p   c u r r e n t  and t h e   o f f s h o r e   d e p o s i t i o n  of sand  
caused by t h e  Oceans ide  Harbor  (from Inman and J e n k i n s ,  1983). 

downcoast   about  11 61t (7 m i )  i n  1950 ( e . g .   F i g u r e  
2). and  about  7 kn (3-1/2 m i )  i n  1972 ( Innan  and 
J e n k i n s .  1983). Eeaches a t  Del Xar 29 kn (1s eii) 
downcoast  from  the  harbor  were  monitored  from 1974 
t h r o u g h  1983 ( l ia ldor f  and F l i c k ,  1053). The beach  
a t   T o r r e y   P i n e s ,  34 kn ( 2 0  m i )  downcoast was noni-  
t o r e d   e a c h   w i n t e r   f r o m  1960 t o  1973, !>e ta i led   and  
f r e r u e n t   b e a c h   s u r v e y s   w e r e   c a d e   a t  a d i f f e r e n t  
l o c a t i o n  on Tor rey   P ines   beach   fo r  a perioc!  of two 
yea r s   f rom  june  1972 t o  iIay 1974 (Kordstrom  and 
Inman 1975). The t i n e   s p a n   o f   t h e  1972174 surveys  
w a s   i n s u f f i c i e n t   t o   a i d   i n   d e t e r m i n i n g   t h e   a r r i v a l  
o f   e r o s i o n   o r   a c c r e t i o n   w a v e s ,   b u t   d i d   e s t a b l i s h  
tha t   t he   annua l   on -o f f shore   c ros s - shore   s easona l  
m i g r a t i o n   o f  sand averaged  92 n per  m o f  beach 
l e n g t h .  
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Thus   t he re   appea r   t o   have   been  two e r o s i o n a l  
e v e n t s   a t   O c e a n s i d e   I i a r b o r ;  i t s  a n t e c e d e n t  con- 

s t r u c t i o n   i n  1942 a n d   e x t e n s i o n   o f   t h e   n o r t h   b r e a k -  
w a t e r   i n  1957. The 1942 e v e n t  shows  up c l e a r l y   a s  
a " n e a r   f i e l d "   e v e n t   i n   F i g u r e  2. Downcoast mon- 
i t o r i n g   a t   T o r r e y   P i n e s   C e a c h  shows e r o s i o n   b e g i n -  
n i n g   i n  1971 and  becoming  extrene by 1973. It  
v;ould a p p e a r   t h a t   t h e  1942 e r o s i o n a l   e v e n t  was n o t  
o b s e r v e d   t h a t   f a r   d o v m c o a s t .   P o s s i b l y  it 
a t t e n u a t e d  and   d i spe r sed   be fo re   r each ing   Tor rey  
Pines  Geach. 

IIowever, t h e  1957 b r e a k w a t e r   e x t e n s i o n   a p p e a r s  
a s  a downcoas t   e ros ion  wave a t   T o r r e y  Pines Ceach 
b e g i n n i n g   i n  1971. T h i s   g i v e s  a s p e e d   f o r   t h e   e r o -  
s i o n  wave o f  2.4 km/yr (1.5 milyr).  

There  were two a c c r e t i o n a r y   e v e n t s  o f  s i g n i f i -  
cance   near   Oceans ide   I Ia rbor .   The   depos i t ion  on t h e  
b e a c h e s   a t  Agna Eedionda  Lagoon  in 1954 and  the 
dredging   of   the   Oceans ide   Karbor   bas in  in 1962. 
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F i g u r e  2 .  N e a r f i e l d   c y c l e s  of  e r o s i o n  and a c c r e t i o n   a t   O c e a n s i d e ,   C a l i f o r n i a .  
E r o s i o n ,   c a u s e d   b y   c o n s t r u c t i o n   o f   a n t e c e d e n t   h a r b o r   i n   1 9 4 2 ,  is  
superimposed  on t he  a c c r e t i o n  wave  from t h e   1 9 3 8   f l o o d   o n  the  
Santa   Margar i ta   and   San   Luis  Rey R ive r s   (Da ta   f rom USACE LAD, 1 9 5 5 ) .  

' T J ~  ~ ~ c ~ c ~ ; o l l a r j  W L V U  i roc l  t ~ : e  1 9 5 4   d e p o s i t i o n   a t  
:.,us ..cdlo11d~ a y y e a x s  t o  ~ m v e  reacixed  Torrey  Pines  
;:cat., oatbeel:  1960  and  1963. 'i'111s g i v e s  a speed 
i o -  t i le  23 ..r.i dlstaoce between thar.1 o f  betv:een 2 .1  
L U  1.0 -...~/yr ( 1 . 7   t o  2.5  m i l y r ) .  

I t  a2peax-s t h a t  t ~ i e  I962 a c c r e t i o n  wave nad 
reacl :ed Ju! :.a; wken tlje surveys   began   in   1974.  
i l l i s  &'vas a spccci f o r  trle 2 6  kr.1 s e p a r a t i n g   t h e s e  
p o i n t s  of 2 2 . 2  k ~ / y r  (11.3 m i / y r ) .  These  observa-  
t:o;ls i n d i c a t e  t h t   a c c r e t i o d e r o s i o n  waves range  

,. . 

i n  s p e e d  from 2 . 2  t o  4 k d y r   ( 1 . 3  t o  2 
t h e y  t cave i   downcoas t  fi-om t h e  v 
Oceans ide .  
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