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EXECUTIVE SUMMARY 

1. INTRODUCTION 

Th i s  Report  summarizes t h e  r e s u l t s  of t h e  Coas t  of 
Cal i forn ia  Storm and T i d a l  Waves Study (CCSTWS) f o r  the San 
Diego Region. The Study was i n i t i a t e d  by t h e  U.S. Army Corps 
of Engineers  i n  1983 i n  o r d e r  t o  p roper ly  q u a n t i f y  t h e  
impor tant  i s s u e s  r e l a t e d  t o  n a t u r a l  and man-induced c o a s t a l  
p r o c e s s e s  within ~ a l i f o r n i a .  The i n i t i a l  implementation of t h e  
s t u d y  addressed  t h e  San Diego Region, an 85-mile long s t r e t c h  
of c o a s t  bounded by Dana Poin t  and t h e  U.S./Mexico Border  
(shown i n  F igure  1). This  comprehensive s tudy  provides  c o a s t a l  
d a t a  and information t o  a l l  i n t e r e s t e d  c i t i z e n s  s o  t h a t  
e f f e c t i v e  and a p p r o p r i a t e  dec i s ions  can be made r e g a r d i n g  
u t i l i z a t i o n  of t h e  Cal i forn ia  c o a s t a l  zone. 

The major ob jec t ives  of t h e  Coast of Cal i forn ia  S tudy  f o r  
t h e  San Diego Region can be simply s t a t e d ,  a s  follows: 

1) C o l l e c t  N e w  Data t o  ~ u a n t i f y  Sediment Sources,  Sinks,  
and Transpor t  C h a r a c t e r i s t i c s  

2) Review His to r i ca l  Data t o  ~ u a n t i f y  and I n t e r p r e t  P a s t  
Shore l ine  Changes; 

3) Perform Computer ~ o d e l l i n g  of Coastal  Processes;  

4) Provide Publ ic  Coordination and Data Management. 

The d e t a i l e d  r e s u l t s  of t h e  Coast of Cal i forn ia  S tudy of 
t h e  San Diego Region e x i s t  i n  numerous documents t h a t  have been 
g e n e r a t e d  by a v a r i e t y  of i n v e s t i g a t o r s  d u r i n g  the 1983-1990 
period. Th i s  information, t o t a l l i n g  4 1  t e c h n i c a l  r e p o r t s ,  
r e p r e s e n t s  t h e  t o t a l  scope  of t h e  t h e  s tudy  e f f o r t  and should 
be consul ted  by t h o s e  i n t e r e s t e d  i n v e s t i g a t o r s  who desire more 
complete d i scuss ions  sf t h e  t o p i c s  p resen ted  within t h i s  
Summary Report. A complete l i s t i n g  of t h e  r e p o r t s  prepared  
u n d e r  t h e  ausp ices  of t h e  CCSTWS e f f o r t  is ava i l ab le  in 
Appendix I. 

T h i s  Summary Report  is organized t o  provide  a ,  comprehensive 
unders t and ing  of t h e  p e r t i n e n t  f i n d i n g s  of t h e  CCSTWS e f f o r t  
within t h e  San Diego Region. The s u b j e c t  ma t t e r  is presen ted  
by major top ic ,  a s  i d e n t i f i e d  i n  Table 1. 

I n  addi t ion  t o  t h e  information found i n  t h e  main body of 
t h i s  Summary Report, an Appendix document is a t t ached  t o  t h i s  
r e p o r t  t o  p r e s e n t  u s e f u l  background information and da ta .  The 
Appendix document is organized by top ic ,  a s  indica ted  i n  Table 
1. 
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2. OCEANOGRAPHIC CONSIDERATIONS 

2.1 climatic Var ia t ion  

~ u r i n g  t h e  p a s t  two centuries,  t h e  climate i n  Southern 
Cal i forn ia  h a s '  been cha rac te r i zed  by decades  of r e l a t i v e l y  
s t ab le ,  mild weather  i n t e r r u p t e d  by s h o r t e r  p e r i o d s  of v a r i a b l e  
weather conta in ing  severe storms. The severe storm e v e n t s  
of ten,  b u t  n o t  always, co inc ide  with p e r i o d s  when t h e  E l  
Nino/Southern Osci l la t ion  alters t h e  climate i n  t h e  Pac i f i c  
Basin. 

The most recen t  per iod  of prolonged mild weather  occurred 
dur ing  t h e  t h r e e  decades  between t h e  mid-1940's and 
mid-1970's. S ince  t h a t  t i m e ,  w e  appear  t o  have en te red  a 
per iod of more v a r i a b l e  climate conta in ing  both mild w i n t e r s ,  
such as 1980-1981 and 1989-1990, and t h o s e  with extreme storms, 
such as 1979-1980, and 1982-1983. 

2.1.2 Storms 

Through wave d a t a  co l lec t ion  e f f o r t s  provided dur ing  the 
course  of t h e  recent Coast of Cal i forn ia  Study,  wave e v e n t s  
having va r ious  r e t u r n  p e r i o d s  have been p red ic ted  f o r  loca t ions  
within t h e  San Diego Region. Table 3 p r e s e n t s  t h e  expected 
wave condi t ions  under  v a r i o u s  storm i n t e n s i t i e s .  

Table 3 
Wave Heiaht  Est imates Within t h e  San Dieuo Resion 

Based on Wave Gauae Data 

Locat i o n  
S i a n i f i c a n t  Wave Neiuht ( f t )  

Mean 5 Y r  10 Yr 2 5  Yr 50 Y r  100 Y r  

Mission Bay, 630' 7.3 15.0 17.2 20.0 21.9 23.8 
Begg Rock, 361' 11.9 22.6 25.1 28.6 31.0 33.1 
S c r i p p s  P i e r ,  26' 4.9 9.3 10.5 12.1 13.2 14.3 
K i s s i a n  Bay, 33# 7.0 14.0 16.0 18.8 20.7 22.7  
Be1 M a r ,  35 '  6.2 13.0 14.5 16.5 18.0 19.4 
Oceanside, 3 0 ,  5.1 9.3 10.3 11.7 12.4 13.6 
San Clemente, 33' 5.1 11.0 1 2 . 3  14.3 15.8 17.0  

N o t e :  Water depth  a t  gauge s i te  is noted fol lowing loca t ion .  

Extreme storm e v e n t s  have caused ex tens ive  damage along t h e  
coast of t h e  San Diego Region dur ing  t h e  c u r r e n t  per iod of 
v a r i a b l e  climate. The most s i g n i f i c a n t  e v e n t s  i n  t h i s  regard  
are t h e  c l u s t e r  of e i g h t  s torms which occurred dur ing  the 
winter  of 1982-1983, and t h e  high i n t e n s i t y  storm of January  
17-18, 1988. The la t ter  produced t h e  l a r g e s t  waves e v e r  



measured i n  t h e  S o u t h e r n .  c a l i f o r n i a  ~ i g h t ,  with a deep-wae, 
s i g n i f i c a n t  h e i g h t  of 33.2 f t ,  and peak per iod  of 14-, 
seconds. 

The d i f f e r i n g  consequences of t h e  1982-1983 and 1988 s t o r r  
i l l u s t r a t e  t h a t  both t h e  i n t e n s i t y  and t o t a l  energy of suc  
e v e n t s  a r e  of importance i n  determining t h e i r  e f f e c t  on th 
coast.  The 1988 storm w a s  of extremely high i n t e n s i t y  
r e s u l t i n g  in damage t o  c o a s t a l  s t r u c t u r e s .  Its t o t a l  energy 
was l imi ted  by its r e l a t i v e l y  s h o r t  dura t ion ,  however, with t h e  
consequence t h a t  c o a s t a l  e ros ion  w a s  restricted t o  t h e  upper 
(berm-bar) p o r t i o n s  of t h e  beach p ro f i l e s .  Although s h o r e l i n e  
eros ion  averaged approximately 100 f t  a t  many loca t ions  between 
oceans ide  Harbor and t h e  Mexico Border, t h e  beaches  had 
genera l ly  recovered by November 1989. 

By c o n t r a s t ,  t h e  c l u s t e r  s torms of 1982-1983 were 
charac te r i zed  by a lower i n t e n s i t y  b u t  a s i g n i f i c a n t l y  h i g h e r  
t o t a l  energy. Erosion extended t o  water  d e p t h s  i n  excess  of 50 
f t .  While t h e  beaches i n  t h e  southern  por t ion  of t h e  San Diego 
Region subsequent ly  recovered, t h e  deeper  por t ions  of t h e  
p r o f i l e s  i n  t h e  v i c i n i t y  of Camp Pendleton and Oceanside have 
never  been r e s t o r e d  t o  t h e i r  pre-storm leve l s ,  It t h e r e f o r e  
appears  that s torms with high l e v e l s  of t o t a l  energy can cause  
long-term, i r r e v e r s i b l e  e ros ion  t o  t h e  s h o r e  zone of t h e  
region. 

2.1.3 Sea Level R i s e  

During t h e  p a s t  cen tu ry ,  mean sea  l e v e l  h a s  r i s e n  by 
approximately 0.7 f t  i n  t h e  San Diego Region. Projected rates 
of rise f o r  t h e  f u t u r e  va ry  widely, b u t  it is recommended that 
an i n c r e a s e  of a t  l e a s t  0.2 f t  be  a n t i c i p a t e d  f o r  t h e  n e x t  25 
years .  The implicat ions of t h i s  i n c r e a s e  inc lude  h igher  l e v e l s  
of wave run-up on beaches and c o a s t a l  s t r u c t u r e s ,  a g r e a t e r  
p o t e n t i a l  f o r  c o a s t a l  f looding, and a tendency toward retreat 
of t h e  e x i s t i n g  shore l ines ,  

2.2 SEDIMENT CONSIDERATIONS 

2.2.1 Sediment Sources 

P r i o r  t o  t h e  middle of t h i s  century ,  r i v e r s ,  s t r e a m s  and 
lagoons served a s  s i g n i f i c a n t  sources  of sand f o r  t h e  beaches 
of t h e  San Diego Region. Dams have d r a s t i c a l l y  reduced t h i s  
y ie ld  a t  t h e  p r e s e n t  t i m e .  Urbanization, . however, h a s  
acce le ra ted  t h e  erosion of c o a s t a l  b luf f lands ,  and  h a s  
inc reased  t h e  r a t e  of sedimentation i n  lagoons. The a l l u v i a  in 
lagoons and r i v e r  channels  r e p r e s e n t  p o t e n t i a l  sediment sources  
t h a t  can be used t o  o f f s e t  t h e  e f f e c t s  of dam cons t ruc t ion .  



2.2 Offshore Sediment Losses 

Based upon t h e  evidence provided  by h i s t o r i c a l  beach 
profiles, storms and . c l u s t e r  s torms with high t o t a l  e n e r g i e s  
appear  t o  d r i v e  downwelling c u r r e n t s  t h a t  c a r r y  sand away from 
t h e  nea r shore  a r e a  and d e p o s i t  it on t h e  s h e l v e s  of t h e  San 
Diego Region. I n  t h e  oceans ide  C e l l ,  where t h e  s l o p e  of t h e  
she l f  is s teep ,  t h e  mater ia l  is permanently l o s t  from t h e  
shorezone. I n  t h e  Mission Bay and S i l v e r  S t r a n d  C e l l s ,  where 
t h e  s h e l f  is f l a t t e r ,  t h e  sand is probably r e t u r n e d  t o  t h e  
beach areas a t  a g radua l  r a t e  by wave ac t ion .  

The most s i g n i f i c a n t  implicat ion of t h e  o f f shore  l o s s e s  i n  
t h e  Oceanside C e l l  is t h a t  a r e l a t i v e l y  hea l thy  sand beach can 
be reduced t o  rock and cobbles  d u r i n g  one s e v e r e  winter. I n  
consequence, it is c r i t i c a l  t o  c o n s i d e r  episodic ,  high-energy 
e v e n t s  as w e l l  a s  the much l o n g e r  p e r i o d s  of m i l d  weather i n  
evalua t ing  t h e  s t a b i l i t y  of beaches i n  t h e  San Diego Region. 

2.2.3 Seasonal  Versus Long-Term Beach Changes 

Seasonal  f l u c t u a t i o n s  i n  t h e  s h o r e l i n e  pos i t ion  r e s u l t i n g  
from changes i n  t h e  inc iden t  wave condi t ions  a r e  of large 
magnitude i n  t h e  San Diego Region. Such changes are t y p i c a l l y  
on t h e  o r d e r  of 100 f t  f o r  t h e  Mean Higher ~ i g h  Water 
shore l ine ,  b u t  can exceed 300 ft i n  loca l ized  areas. Long-term 
changes i n  t h e  shore l ine  pos i t ion  t e n d  t o  be r e l a t i v e l y  
gradual ,  and can b e  obscured by t h e  seasonal  v a r i a t i o n s  u n l e s s  
d e t a i l e d  beach p r o f i l e  d a t a  a r e  avai lable .  

The shore l ine  change r a t e s  ( feet /year)  f o r  the Oceanside, 
Mission Bay, and S i l v e r  S t rand  L i t t o r a l  C e l l s  have been 
determined f o r  t h r e e  t i m e  periods:  1940-1960, 1960-1980, and 
1980-1989. Th i s  d a t a  is presented  g raph ica l ly  i n  F igures  2, 3, 
and 4. Th i s  d a t a  is descr ibed  i n  d e t a i l  i n  Chapter 3 of t h i s  
report. 

3. APPLICATION O F  NUMERICAL MODELS TO SHORE PROCESSES 

3.1 Shore l ine  Models 

Two t y p e s  of numerical models were used d u r i n g  the course  
of t h i s  s t u d y  t o  s imulate  beach changes  i n  t h e  t h r e e  l i t t o r a l  
cells of t h e  San Diego Region, as follows: 

1) A genera l ized  model for a s s e s s i n g  s h o r e l i n e  changes 
(GENESIS  - GENEralized model f o r  a m u l a t i n g  Shore l ine  
change) which s imulates  t h e  long-term evolut ion of 
beach plan shape and provides  a framework f o r  
longshore  sediment computations; and 



Figure 2 
Shoreline Change Rates 
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F i g u r e  3 
Shoreline Change Rates 
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Figure 4 
Shore l ine  Change Rates 
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2) A s i t e - s p e c i f i c  model (SBEACH - Storm-induced BEAch 
CHange) developed a t  t h e  U.S. ~rmy Corps of Engineers  - 
Coastal  Engineering Research Center  (CERC) f o r  
a s s e s s i n g  t h e  impact of s to rms  on a g iven  beach 
p ro f i l e .  

Although t h e s e  models p rov ide  u s e f u l  t o o l s  f o r  
unders tanding  and p r e d i c t i n g  t h e  e f f e c t s  of n a t u r a l  e v e n t s  o r  
man-induced modif icat ions on t h e  coas t ,  c o a s t a l  modelling 
accuracy is of t en  l imited by an  imperfec t  unders tanding  of 
wave-current-sediment-s t ructure i n t e r a c t i o n s ,  t h e  q u a l i t y  of 
i n p u t  d a t a  t h a t  is c u r r e n t l y  avai lab le ,  and t h e  need for 
v e r i f i c a t i o n  us ing  f i e l d  and l a b o r a t o r y  d a t a  t h a t  can b e  
d i f f i c u l t  and expensive t o  obtain.  

3.2 Sediment Transpor t  Model 

A computational model was developed by t h e  Coast of 
Cal i forn ia  Study Team, within t h e  Los Angeles D i s t r i c t  of t h e  
U.S. Army Corps of Engineers,  f o r  es t imat ing  t h e  r a t e  of 
sediment t r a n s p o r t  under  t h e  ac t ion  of non-breaking waves and 
small  s t e a d y - s t a t e  c u r r e n t s .  I n p u t  v a r i a b l e s  inc lude  t h e  wave 
h e i g h t  and period,  c u r r e n t  speed and d i rec t ion ,  and sediment 
s ize .  The model is s u i t a b l e  f o r  app l i ca t ion  t o  a range  of 
engineer ing  and planning s tud ies ,  such  as t h e  p red ic t ion  of 
bottom mate r i a l  movement, t h e  es t imat ion  of sedimentat ion 
r a t e s ,  and t h e  est imation of sediment  l o s s  r a t e s  from dredge  
d i s p o s a l  sites. 

4. STATE O F  THE O C E A N S I D E  LITTORAL CELL 

The p r e s e n t  s t a t e  of t h e  Oceanside L i t t o r a l  C e l l  h a s  been 
s i g n i f i c a n t l y  inf luenced by two fac to r s :  1) wave climate; 
and 2) human in tervent ion .  With rega rd  t o  t h e  former, t h e  
c o a s t  h i s t o r i c a l l y  h a s  experienced pe r iods  of r e l a t i v e l y  
abundant  sand supply r e s u l t i n g  from t h e  sand i n j e c t i o n s  
a s soc ia ted  with r i v e r  floods. Th i s  ma te r i a l  has been c a r r i e d  
t o  t h e  downcoast beaches d u r i n g  p e r i o d s  of mild wave 
condit ions.  When episodic  storm e v e n t s  of high t o t a l  energy 
occur,  however, t h e  beaches can be denuded by downwelling of 
sand on to  t h e  s t e e p  she l f .  The downwelled mate r i a l  appear s  t o  
have  been l o s t  from t h e  shorezone, l ead ing  t o  an eros ion  c y c l e  
on t h e  beaches. 

With r e g a r d  t o  human in te rven t ion ,  t h e  e f f e c t s  have been 
both b e n e f i c i a l  and detr imental .  Urbanization h a s  r e s u l t e d  in 
dam cons t ruc t ion ,  the reby  reducing  t h e  supply  of r iver -borne  
sediment t o  t h e  coast ,  b u t  h a s  a l s o  increased  t h e  y ie ld  of 
sediment from bluff lands.  The cons t ruc t ion  of Oceanside Harbor 
has i n t e r r u p t e d  t h e  passage of l i t t o r a l  mater ial ,  c o n t r i b u t i n g  



t o  t h e  eros ion  which h a s  occurred  on t h e  down c o a s t  b e a c h e s .  
Conversely,  t h i s  t r e n d  toward eros ion  h a s  been p a r t i a l l y  off set 
by l a r g e  q u a n t i t i e s  of a r t i f i c i a l  nourishment. S i g n i f i c a n t  
sources  of such  nourishment mater ia l  have inc luded O c e a n s i d e  
Harbor, Agua Hedionda Lagoon, and t h e  San Onofre Nuclear 
Generat ing S t a t i o n  site. 

It is an t i c ipa ted  t h a t  t h e  condi t ion of t h e  beaches i n  t h e  
f u t u r e  w i l l  be governed by cyc les  of acc re t ion  and e r o s i o n  
s i m i l a r  t o  t h o s e  of t h e  p a s t  50 years ,  b u t  with a c c e l e r a t e d  
t r e n d s  toward eros ion  because of t h e  following c o n d i t i o n s :  
1) t h e  reduct ion  in  r iver -borne  sediment due  t 'o impoundment by 
dams, 2) t h e  in f luence  of oceans ide  Harbor, and 3) t h e  
i n c r e a s e  i n  t h e  rate of s e a  l e v e l  rise. 

The most critical c o a s t a l  reach in terms of s u s c e p t i b i l i t y  
t o  f u t u r e  erosion is t h e  1 2 - m i l e  s t r e t c h  of beach s o u t h  of 
Oceanside Harbor. Between 1980 and 1989, t h e  Mean Higher  High 
Water (MHHW) s h o r e l i n e  immediately sou th  of t h e  h a r b o r  
r e t r e a t e d  a t  a r a t e  of approximately 40 f t /y r .  The rate of 
r e t r e a t  decreased with inc reas ing  d i s t a n c e  t o  t h e  s o u t h ,  
averaging  approximately 5 f t / y r  a t  Agua Hedionda and 1 f t / y e a r  
a t  Encini tas .  Fac to r s  c o n t r i b u t i n g  t o  t h i s  e r o s i o n a l  t r e n d  
appear  t o  b e  t h e  c l u s t e r  s torms of 1982-1983, and t h e  r e d u c e d  
rate a t  which a r t i f i c i a l  nourishment ma te r i a l  h a s  been 
suppl ied.  The provis ion  of increased  q u a n t i t i e s  of nour i shment  
ma te r i a l  w i l l  be of c r i t i c a l  importance i n  s t a b i l i z i n g  t h e s e  
downcoast beaches. 

A second c o a s t a l  reach  of concern is t h e  San Clemente a rea ,  
which experienced s h o r e l i n e  recess ion  a t  a r a t e  of about 5 
f t / y r  between 1980 and 1989. Because t h e  beach r e c e i v e d  
a r t i f i c i a l  nourishment i n  t h e  pas t ,  add i t iona l  nour ishment  may 
be  requ i red  t o  coun te rac t  t h e  eros ional  t r e n d  i n  t h e  f u t u r e .  

The budget  of sediment f o r  t h e  Oceanside L i t t o r a l  Cell h a s  
been developed f o r  t h r e e  d i s t i n c t  t i m e  per iods:  1900- 1940 
( n a t u r a l  condi t ions) ,  1960- 1979 (unif a r m  mild wave c l i m a t e  and 
c o a s t a l  development), and 1983-1990 (va r i ab le  wave c l i m a t e ) .  
The sediment budgets  f o r  t h e s e  t i m e  pe r iods  a r e  shown in F i g u r e  
5. Table  3 is presen ted  t o  explain t h e  no ta t ion  used i n  t h e  
sediment  budget  presenta t ion .  

5. THE STATE O F  THE M I S S I O ~  BAY LITTORAL CELL 

Histor ica l ly ,  t h e  predominant source  of sediment for t h e  
Mission Bay L i t t o r a l  C e l l  h a s  been t h e  San Diego River. Dam 
cons t ruc t ion  dur ing  t h i s  c e n t u r y  h a s  reduced t h e  r i v e r  y i e l d  by 
abou t  7 5 % ,  however, r e s u l t i n g  i n  increased  r a t e s  of cliff and 
b lu f f l and  erosion t o  o f f s e t  t h e  l o s s  of r i v e r  sediment. 

Between 1980 and 1989, t h e  shore l ines  i n  t h e  Mission Bay 
C e l l  evidenced moderate accre t ion .  It is a n t i c i p a t e d  t h a t  t h e  
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Table 3 
Symbols Used i n  Budqet of Sediment Analyses  

Variables 

q = volume transport rate of sandy material, m3/m-~r (yd3/yd-yr) 

Z = qf = height of the shoreline flux-surface (m) an g volume- 
equivalent factor for shoreline change, m3/m (yd /yd) 

Q = q f * $  = total sand transport rate into or out of cell, rn3,lyr 
(yd /yr) 

1 = length of control cell 

General subscripts 

I = flux into cell (+) 

2 = flux out of cell (-) 

a = artificial nourishment, bypassing, dredging, etc. (+I-) 

b = blufflands erosion (+); includes seacliff, gullies, coastal 
terrace, slumps, etc. as distinct from rivers 

= shoreline flux-volume into control cell (+) by shoreline erosion, 
or deposition of material out of cell ( - )  by shoreline accretion, 
in accordance with movement of shoreline flux-surface, aX/at-Z-l = 

Q/ 

I' = inlet material, i-e., carried in or out by inlet flow (+/-) 

1 = longshore transport of sand in and near the surfzone, versus n 

n =. nearshore transport along the coast, outside the surfzone 

o = on/offshore transport at the base of the shorerise (+/-) 

ow= overwash ( - )  

r = river yield to the coast (+)  

s = lost into submarine canyons (-)  

w = windblown sand (-)  

parbor Effects Subscripts 

ab = artificial Id = longshore deflected to deep water (-)  
bypassing (+) 

it = longshore trapped in harbor (-)  
a = bypass material 

retrapped (-)  nd = nearshore deflected to deep water (-) 

x i i i  



beaches w i l l  remain r e l a t i v e l y  stable d u r i n g  p e r i o d s  of mild 
wave climate,  b u t  will exper ience  e ros ion  over  t h e  long  t e r m  
d u e  t o  t h e  combined effects of severe s torms of h i g h  t o t a l  
energy,  and t h e  reduct ion  i n  t h e  supp ly  of sediment  form t h e  
San Diego River. To maintain a s t a b l e  shore l ine ,  a r t i f i c i a l  
nourishment w i l l  probably be requ i red  a t  an ave rage  rate of 
about  130,000 c u b i c  y a r d s  annually.  

The sediment budget  f o r  t h e  Mission Bay L i t t o r a l  C e l l  h a s  
been developed f o r  two t i m e  per iods:  1960-1978 (uniform m i l d  
wave cl imate) ,  and 1983-1990 ( v a r i a b l e  wave climate). A 
schematic  summary of t h e  sediment budge t  a n a l y s i s  is shown i n  
F igure  6. 

6. THE STATE O F  THE SILVER STRAND LITTORAL CELL 

The S i l v e r  S t rand  L i t t o r a l  C e l l  is one of t h e  few cells i n  
Southern Cal i forn ia  which exper iences  a s i g n i f i c a n t  n o r t h e r l y  
t r a n s p o r t  of sand. Under n a t u r a l  condi t ions ,  t h e  p r i n c i p a l  
s o u r c e  of sediment was t h e  Tijuana River,  which d ischarged 
mater ia l  a t  t h e  coas t  j u s t  n o r t h  of t h e  U.S.-Mexico Border. 
Bi furca t ion  of t h e  sediment t r a n s p o r t  p a t h  a t  t h e  r i v e r  d e l t a  
nourished t h e  beaches i n  Mexico t o  t h e  south,  and t h o s e  of t h e  
S i l v e r  S t rand  t o  t h e  north.  

Dam cons t ruc t ion  h a s  eliminated t h e  Ti juana River  as a 
s i g n i f i c a n t  source  of sediment f o r  t h e  cell, n e c e s s i t a t i n g  
massive i n j e c t i o n s  of a r t i f i c i a l  nourishment t o  maintain t h e  
beaches n o r t h  of the remnant de l ta .  Between 1946  and 1985, t h e  
rate of nourishment exceeded 800,000 cub ic  y a r d s  per  year. It 
is c l e a r  t h a t  cont inued nourishment w i l l  be t o  maintain t h e  
beaches i n  t h e  fu tu re .  For tunate ly ,  l a r g e  q u a n t i t i e s  of 
s u i t a b l e  nourishment mater ia l  a r e  ava i l ab le  i n  d e p o s i t s  a t  
Zuniga Shoal  and i n  deeper  w a t e r  o f f  t h e  e n t r a n c e  t o  San Diego 
Bay. 

The most critical a r e a  of t h e  S i l v e r  S t r a n d  C e l l  i n  t e r m s  
of present-day eros ian  is t h e  four-mile s t r e t c h  between t h e  
Mexican Border and Imperial  Beach. Between 1980 and 1989, t h e  
MHHW s h o r e l i n e  r e t r e a t e d  a t  an ave rage  rate of a b o u t  5 f t / y r .  
Th i s  e ros iona l  t r e n d  is a d i r e c t  r e s u l t  of t h e  cu r t a i lmen t  of 
sediment i n p u t  from t h e  Tijuana River, and is p r o g r e s s i n g  both  
n o r t h  towards  Coronado and sou th  i n t o  Mexico. 

F igure  7 p r e s e n t s  t h e  sediment budget  for t h e  S i l v e r  S t rand  
L i t t o r a l  C e l l  f o r  t h r e e  t i m e  per iods:  1905-1936 ( n a t u r a l  
condi t ions) ,  1950-1978 (uniform mild wave climate), and 
1983-1990 ( v a r i a b l e  wave climate).  
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7 .  PREDICTION O F  FUTURE EXTREME EVENTS 

The f requency and s e v e r i t y  of f u t u r e  extreme c l i m a t i c  
e v e n t s  i n  t h e  San Diego Region w i l l  depend upon a number  of 
f a c t o r s  which a r e  poorly understood,  a t  p r e s e n t ,  i n c l u d i n g  
c l imat ic  c y c l e s  i n  Southern Cal i fornia ,  t h e  occurrence  of E l  
Nino/Southern Osci l la t ion  events ,  and t h e  rate of sea level 
rise. Based upon t h e  assumption t h a t  the cl imate  i n  t h e  f u t u r e  
w i l l  resemble t h a t  which h a s  prevai led  dur ing  t h e  p a s t  c e n t u r y ,  
it is l i k e l y  t h a t  t h e  c o a s t l i n e  of t h e  San Diego Region will 
exper ience  at l e a s t  one series of c l u s t e r  s torms d u r i n g  the 
n e x t  50 y e a r s  comparable t o  t h a t  of 1982-83, and t h a t  f l o o d i n g  
of low-lying c o a s t a l  a r e a s  w i l l  exceed that assoc ia ted  w i t h  t h e  
1982-1983 storm season. 

x v i i  
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CHAPTER 1 

INTRODUCTION 

1.1 STUDY OBJECTIVES AND AUTHORIZATION 

Much of cal ifornia 's  1,100-mile coas t l ine  is h igh ly  
dynamic. Severe coas ta l  storms, a s  w e l l  a s  man's e x p l o i t a t i v e  
uses  of coas ta l  resources, can effect ively  degrade b i l l i o n s  of 
do l l a r s  of coas ta l  proper ty  and t h e  i r rep lacab le  r e c r e a t i o n a l  
resources  t h a t  t h e  coas ta l  zone provides. To proper ly  q u a n t i f y  
t h e  important i s sues  re la ted  t o  na tura l  and man-induced c o a s t a l  
processes within California,  t h e  Coast of California Storm and 
Tidal Waves Study (CCSTWS) was in i t i a t ed  i n  1983, Th i s  
comprehensive s tudy provides coas ta l  da t a  and information t o  
engineers,  planners,  decision-makers, and t h e  publ ic  a t - l a r g e  
so  t h a t  b e t t e r  and more informed decis ions  can be made 
regarding u t i l i za t ion  of t h e  California coas ta l  zone. 

The foundation of t h i s  multi-year, mul t i -d isc ipl inary  
Federally-supported invest igat ion is based i n  Section 2 08 of 
t h e  Flood Control A c t  of 1965 (P.L. 89-298) and allows, unde r  
t h e  di rect ion of t h e  Chief of ~ n g i n e e r s ,  su rveys  t o  be made f o r  
flood cont ro l  and re la ted  purposes including coas ta l  f looding 
aggravated by o r  due t o  wind and t i d a l  ef fects .  Addit ionally,  
the House Energy and Water Development Appropriations Committee 
in its B i l l ,  Report No. 97-177, 97th Congress, 1st Session,  
July  1 4 ,  1981, added funds  f o r  t h e  Coast of Cal i fornia  Storm 
and Tidal  Waves Study, d i rec t ing  t h e  Corps of Engineers  t o  
focus its i n i t i a l  e f f o r t  on t h e  coas ta l  zone from Dana Po in t  t o  
t h e  U.S.-Mexico Border. The above referenced r epo r t ,  
speci f ica l ly  author izes  t h i s  s tudy,  a s  follows: 

The Committee recognizes t h e  severe  c l i f f  and 
shore  erosion condit ions t h a t  e x i s t  along t h e  
coas t  of southern California from Dana Point t o  
t h e  Mexican Border. It is a l so  aware of an 
apparent  lack i n  ex i s t ing  sand suppl ies  f o r  
na tu ra l  longshore t r a n s p o r t  and deposi t ion on t h e  
areas8 beaches. The Committee has heard 
testimony t h a t  t h e s e  adverse condit ions a r e  
causing severe  economic lo s se s  and soc ia l  
problems in  t h e  numerous coas ta l  communities 
located in  t h e  area. Therefore, t h e  Committee 
has  added funds f o r  t h e  Coast of California Storm 
and Tidal  Waves - Study t o  undertake a 
comprehensive s tudy i n  this important coas t a l  
a r ea  with a view t o  developing t h e  bas i s  f o r  an 



act ion  program t o  reduce  and, where poss ib le ,  t o  
p reven t  t h e  harmful e f f e c t s  of s h o r e l i n e  
erosion. The Corps is d i r e c t e d  t o  p l a c e  t h e  
emphasis of t h e  s t u d y  on t h e  r each  of s h o r e l i n e  
t o  e n s u r e  multi-  j u r i s d i c t i o n a l  suppor t ,  t e c h n i c a l  
s t a t e -o f - the -a r t  coverage, and coopera t ive  
e f f  or t -sharing.  The Corps is d i r e c t e d  to 
accomplish t h e  s tudy,  t a k i n g  i n t o  account  such  
information and a s s i s t a n c e  a s  may be a v a i l a b l e  
from S t a t e ,  and l o c a l  governments,  o rgan iza t ions ,  
and i n s t i t u t i o n s  and o t h e r  non-Federal  sources .  

I 

The i n t e n t  of t h e  Coast o f ,  Cal i forn ia  Storm and Tidal  Waves 
Study (CCSTWS) is comprehensive: it is t o  cover  t h e  e n t i r e  
c o a s t l i n e  of Cal i fornia ,  and it is t o  s t u d y  a l l  phenomena t h a t  
i n i t i a t e  and/or  propagate  c o a s t a l  change. A s  t h e  i n i t i a l  
geographica l  focus  of t h e  s tudy ,  t h e  Sanl Diego Region was 
selected f o r  inves t iga t ion  d u r i n g  t h e  1983-1989 t i m e  period. 
It is t h i s  first phase  of t h e  Study t h a t  w i l l  be summarized i n  
t h i s  document. 

1.2 STUDY LOCATION 

The a r e a  of t h e  s t u d y  descr ibed  he re in ,  termed t h e  San Diego 
Region, encompasses t h e  85-mile long c o a s t l i n e  bounded b y  Dana 
Poin t  and t h e  U.S.-Mexico Border. A loca t ion  map of the s tudy  
a r e a  is shown i n  F igure  1-1. 

To accura te ly  d i s p l a y  t h e  San Diego Region a t  a large sca le ,  
maps of t h e  a r e a  a r e  presented  i n  Appendix B of t h i s  repor t .  
Th i s  set of t e n  maps accura te ly  r e p r e s e n t  t h e  l o c a t i o n s  of t h e  
57 beach p r o f i l e s  t h a t  were surveyed pe r iod ica l ly  th roughou t  
t h e  course  of t h e  Study,  t h e  d a t a  f o r  which is p r e s e n t e d  and 
analyzed in Chapter  3. 

The c o a s t a l  zone of t h i s  region  is undergoing  rapid  
development, with dense  r e s i d e n t i a l  and commercial a c t i v i t y  
occupying backshore  and b luf f  t o p  areas. Seventeen m i l e s  of 
t h e  n o r t h e r n  por t ion  of t h e  s t u d y  a r e a  is comprised of  Camp 
Pendleton Mil i ta ry  Reservation, where t h e  c o a s t a l  environment 
is l a r g e l y  p rese rved  i n  its n a t u r a l  state. 

Within t h e  s t u d y  a r e a  nor th  of Torrey Pines,  f r a g i l e  c o a s t a l  
e s t u a r i e s  and lagoons a r e  i n t e r s p e r s e d  along t h e  shore.  These 
f e a t u r e s  inc lude  Buena V i s t a ,  Agua Hedionda, Bat iqui tos ,  San 
Elijo,  and Los Penasqui tos  Lagoons, as w e l l  a s  San Diegui to and 
Soledad Marshes. 

Submarine canyons e x i s t  o f f shore  and, p a r t i c u l a r l y  a t  La 
Jo l l a ,  play an important  r o l e  i n  c a p t u r i n g  beach sediments  
moving along t h e  coast .  Severa l  ha rbors ,  inc lud ing  Oceanside, 
Mission Bay, and San Diego, provide  impor tant  r e c r e a t i o n a l  and 
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commercial benef i t s  t o  t h e  area. These harbors  a l so ,  t o  
varying degrees, influence t h e  movement of coas ta l  sediments  
along t h e  shore of t h e  study area. 

Important r i v e r s  of t h e  San Diego Region include San Juan 
and San Mateo Creeks, and t h e  Santa Margarita, San Lu i s  Rey, 
San Diego, and Tijuana Rivers. These r i v e r  systems serve a s  
sources  of beach sediments t o  t h e  coas ta l  environment. 

Beach erosion and b luf f ,  i n s t a b i l i t y  plague por t ions  of t h e  
San Diego Region. Conversely, ce r t a in  segments of t h e  s tudy  
reach have exhibi ted s t ab l e  or  accre t ing  shorel ine  pos i t i ons  
over long periods of t i m e .  Human in te r fe rence  i n  t h e  n a t u r a l  
coas t a l  processes of t h e  region include t h e  cons t ruc t ion  of 
sediment-impounding dams and rese rvo i r s ,  t h e  cons t ruc t ion  of 
major and minor coas ta l  and harbor  protect ion s t r u c t u r e s ,  
harbor  dredging, beach renourishment, and t o  limited degrees ,  
sand mining and sand removal from t h e  beach zone. A de ta i l ed  
chronology of even ts  related . t o  a c t i v i t i e s  within t h e  c o a s t a l  
zone of t h e  San Diego Region dur ing t h e  1825-1985 t i m e  period 
is contained in  Appendix A of t h i s  report. The focus  of t h i s  
s tudy  is t o  document t h e  impacts of t h e s e  man-induced as w e l l  
a s  na tu ra l  coas ta l  events  t o  allow a more complete 
understanding df t h e  dynamics of t h e  coas ta l  and nearshore  
zones within t h e  study area. 

1.3 T E C H N I C A L  APPROACH 

The object ives of t h e  California Storm and Tidal  Waves 
Study (CCSTWS) emphasize coas ta l  da t a  collection. I n  addi t ion,  
knowledge gained by previous inves t iga tors  in a l l  a r e a s  r e l a t ed  
to t h i s  s tudy a r e  t o  be included i n  determining da ta  col lec t ion 
s t r a t e g y  and t h e  analys is  of the collected information. 

For t h e  8.5-mile long coas ta l  reach bordered by Dana Point 
and t h e  Mexican Border, t h e  following object ives  were adopted 
i n  t h e  i n i t i a l  Plan of t h e  Study: 

OBJECTIVE I 
Collect New Data t o  Ouantifv Sediment Sources. Sinks. and 

Transport  Charac te r i s t i cs  

Data collect ion t a s k s  re la ted  t o  t h i s  s tudy ob jec t ive  
a r e  summarized below. 

Wave Data Collection 
Aerial Photography 
Beach and Shoreface Prof i l es  
Sediment Sampling, Beach and Offshore 
Geomorphology Study 
River Sediment Discharge 

a Bluff - Derived Sediment 



O B J E C T I V E  I 
(continued) 

a Submarine Canyon Sedimentation 
a Longshore Sediment Transpor t  
a Shore-Normal Sediment Transpor t  - Seaward of t h e  Beach 

- Landward of t h e  Beach 
Wind (Aeolian) Transpor t  
Wave Overwash Transpor t  
Sand Impoundment a t  Harbors, Bays, Lagoons 

O B J E C T I V E  I1 
His to r i ca l  Data Review to Quant i fy  and I n t e m r e t  

P a s t  Shore l ine  Chanqes 

I s s u e s  s t u d i e d  i n  o r d e r  t o  achieve  t h i s  s t u d y  o b j e c t i v e  are 
l i s t e d  below. 

a His to r i ca l  Shore l ine  Changes 
a Shorel ine,  Bluff,  and Ravine Changes 
a His to r i c  Wave and Wind Climate 

His to r i c  P r e c i p i t a t i o n  and River  Discharge 
a His to r i c  Sea Water Levels 

His to r i c  Land U s e  and Human In f luence  at t h e  
Coast 

O B J E C T I V E  I11 
Computer Modellins of Coastal  P rocesses  

Th i s  study ob jec t ive  was designed to e s t a b l i s h  and  test 
t echn iques  t h a t  allow p r e d i c t i o n s  of s h o r e l i n e  r e s p o n s e  t o  
n a t u r a l  f o r c e s  and human a c t i v i t y  on a l o c a l  and r e g i o n a l  
bas is .  I n  o r d e r  t o  achieve  t h i s  goal, t h e  following t a s k s  were 
performed. 

a Shore l ine  Change Predic t ion  Using a Sediment  
Budget Analysis  
Fu tu re  Shore l ine  Change Pred ic t ions  Using 
His to r i c  Data 

a Shore l ine  Response Pred ic t ions  Using 
State-of- the-Art  Analy t ica l  Modelling Techniques  

OBJECTIVE I V  
Pub l i c  Coordination and Data Manasement 

Publ ic  Involvement Through Pub l i c  Meetings,  
Dis t r ibut ion  of Technical  Reports ,  N e w s l e t t e r  
Summaries, and Annual Repor ts  



1.4 PUBLICATIONS 

This  r e p o r t  is in tended t o  summarize t h e  f i n d i n g s  of a  
l a r g e  body of information t h a t  h a s  been genera ted  by  numerous 
i n v e s t i g a t o r s  in s u p p o r t  of t h e  Coast  of Ca l i fo rn ia  Storm and 
Tidal  Waves Study (CCSTWS). A s  a r e s u l t ,  more d e t a i l e d  d a t a  
f o r  t h e  v a r i o u s  t o p i c s  d i scussed  within t h i s  volume are 
contained i n  t h e  t e c h n i c a l  r e p o r t s ,  t o t a l l i n g  4 1  i n  number, 
t h a t  w e r e  prepared  under  t h e  a u s p i c e s  of t h e  s tudy.  These 
r e p o r t s  encompass t h e  t o t a l  scope of t h e  t e c h n i c a l  e f f o r t s  t h a t  
have been undertaken,  as w e l l  as p e r i o d i c  sulnmaries of t h e  
s t u d y  e f f o r t s  such as t h o s e  p resen ted  i n  t h e  Annual Reports.  
The e n t i r e  list of publ ished documents t h a t  have  been genera ted  
a s  products  of t h i s  s tudy  a r e  inc luded i n  Appendix I of t h i s  
repor t .  Reference t o  t h e s e  documents is encouraged t o  t h o s e  
pe r sons  d e s i r i n g  more complete d i s c u s s i o n s  of t h e  t o p i c s  
presented  herein.  

The U.S. Army Corps of Engineers ,  Los Angeles D i s t r i c t  
maintains an a r c h i v e  of t h e  e n t i r e  l i b r a r y  of CCSTWS documents 
i d e n t i f i e d  i n  t h e  References sec t ion  of t h i s  r epor t .  Copies of 
t h e s e  reports have a l s o  been d i s t r i b u t e d  t o  u n i v e r s i t y  
libraries i n  t h e  San Diego Region, i n t e r e s t e d  and involved 
s t a t e  agencies,  and o t h e r  l o c a l  and r e g i o n a l  e n t i t i e s  
i d e n t i f i e d  by t h e  San Diego Association of Governments 
(SANDAG). A list of loca t ions  t h a t  r e t a i n  cop ies  of the e n t i r e  
l i b r a r y  of CCSTWS documents can be obta ined  by  con tac t ing  t h e  
following : 

U.S. Army Corps of Engineers  
Los Angeles D i s t r i c t  

Coastal  Resources Branch 
Planning Division 

300 N. Los Angeles S t r e e t  
Los Angeles, Cal i forn ia  90012 

Telephone: (213) 894-4511 

1,s REPORT ORGANIZATION 

This  r e p o r t  summarizes a l l  p e r t i n e n t  f i n d i n g s  of t h e  
Coast of c a l i f o r n i a  Storm and T ida l  Waves Study undertaken 
within t h e  San Diego Region by t h e  U.S. Army Corps of 
Engineers,  Los Angeles D i s t r i c t ,  d u r i n g  t h e  per iod  1983-1989. 
A s  such, t h e  r e p o r t  d e s c r i b e s  t h e  p r e s e n t  " s t a t e  of t h e  coast"  
f o r  t h i s  southernmost s t r e t c h  of Cal i forn ia  coas t l ine .  

To accommodate t h e  requi rements  of t h e  s t u d y  objec t ives ,  
t h i s  r e p o r t  h a s  been developed by a number of a u t h o r s  u t i l i z i n g  
t h e  t e c h n i c a l  r e p o r t s  genera ted  dur ing  t h e  course  of t h e  
s tudy.  T h e  c h a p t e r s  and a u t h o r s  are l i s t e d  i n  Table 1-1. 



1.6 PROJECT MANAGEMENT 

T h i s  r e p o r t  summarizes t h e  f i n d i n g s  of t h e  Coas t  of 
Ca l i fo rn ia  Storm and Tidal  Waves Study (CCSTWS), San Diego 
Region; a comprehensive c o a s t a l  s t u d y  sponsored by t h e  U.S. 
Army Corps  of Engineers,  Los Angeles D i s t r i c t ,  d u r i n g  t h e  
per iod  1983-1990. The CCSTWS Pro jec t  Manager w a s  D r .  Latif 
Kadib, Chief, North Coast Sect ion,  Coastal  Resources Branch of 
t h e  Los Angeles D i s t r i c t .  Overal l  d i r e c t i o n  of t h i s  r e p o r t  
p r e p a r a t i o n  within t h e  Los Angeles District w a s  accomplished by 
Colonel Char les  Thomas, Commander and D i s t r i c t  Engineer, Mr. 
Robert  S. Joe,  Chief of t h e  Planning Division, and M r .  S t e v e n  
Fine, Chief,  Coastal  Resources Branch. Review of t h e  r e p o r t  
d u r i n g  s e v e r a l  prel iminary phases  of its prepara t ion  was 
provided by M r .  A r t  Shak, Chief, Coastal  Design Sect ion,  Los 
Angeles D i s t r i c t ;  Messrs. George Domurat and Hugh Converse  of 
t h e  Corpst  South Paci f ic  Division, San Francisco; and M r .  B N C ~  
Ebersol,  Coastal  Engineering Research Center ,  Vicksburg,  
Mississ ippi .  

Impor tant  t e c h n i c a l  c o n t r i b u t i o n s  t o  t h e  p r e p a r a t i o n  of 
t h i s  r e p o r t  inc lude  t h o s e  provided by D r .  Kadib, M r .  J o s e p h  
Ryan and M r .  Ernes to  Tabarez of t h e  Coastal  Planning Branch,  
Los Angeles D i s t r i c t .  
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CHAPTER 2 

GEOLOGIC SETTING 

2.1 INTRODUCTION. 

2.1.1 objectives. 

This chapter summarizes the geology and sedimentology of the 
coastal region.both onshore and offshore of San Diego county, see 
figure 2-1. The objectives are: 

Describe the geomorphology, geology and neotectonics of the 
San Diego region. 

Describe the sediments based on samples collected from the 
coastal cliffs, rivers, littoral zone, and nearshore shelf. 

Identify potential sources for littoral zone sediments. 

Summarize available data on the effects that oceanographic 
"wintern and "summerw seasons have on the source terrains. 

a ~escribe the significant effects that man has had on the 
source terrains. 

2.1.2 Littoral Cells. 

This chapter uses the "littoral cellv concept to describe the 
geologic and sedimentological data for the San Diego region. A 
littoral cell is defined as a segment of coastline that does not 
receive or transport littoral sediment from or to another cell in 
either the '*upcoast** or ~ldowncoastw direction; however, within the 
cell, a complete cycle of sedimentation exists that includes 
erosion of highland terrains, fluvial transport to the shoreline 
and littoral transport along the shoreline. Once sediment is 
entrained in the littoral transport system it is usually lost to 
that system by cross shore transport offshore or by channeling of 
the sediment into a deep basin via a submarine canyon. Because of 
the presence of barriers to littoral zone sediment transport along 
the California coastline, Inman and Frautschy (1966) , Inman and 
Brush (1973), and the Department of Navigation and Ocean 
Development (1977) have designated three littoral cells within the 
present study area, see figure 2-1. Those three cells are, from 
north to south, the Oceanside Cell, Mission Bay Cell and the Silver 
Strand Cell. 



Figure 2-1. The Littoral Cells w i t h i n  the San Diego Region. 



2.2 REGIONAL GEOMORPHOLOGY, GEOLOGY, AND NEOTECTONICS. 

2.2.1 Geomorphology. 

All three of the cells are in the Santa Ana block, see figure 
2-2. The Santa Ana block is a large block of the earth's crust 
that has been uplifted and tilted to the west between the Newport- 
~ngelwood-Rose Canyon-South Coast faults and the Elsinore fault 
zone on the east (Jahns, 1954). The northern end of the block is 
bounded by the Los Angeles Basin; the southern end is delineated 
by an unnamed fault system in the northern part of Baja California. 
A narrow sliver of the block is under the ocean; most of the block 
is onshore. 

Onshore Geomorpholos~ 

The major onshore geomorphic features of the block consist of 
narrow sandy beaches along the present shoreline, a coastal plain 
that ranges in width from about 1 to 5 miles, along with coastal 
foothills and rugged mountains that are located along the block's 
eastern flank. The coastal plain which slopes gently seaward from 
the foothills and mountains, is broken by streams and ancient beach 
ridges. The streams have downcut as much as 40 to 100 feet into 
the plain whereas the beach ridges, which are located from San 
Onofre to the Mexican border, can be 40 to 50 feet in height. The 
coastal mountains range in height from about 1,500 to 2,500 feet 
above mean sea level. 

Offshore Geomor~holoav 

The offshore shelf from Dana Point to the Mexican border, which 
extends seaward to a depth of approximately 300 feet MLLW (mean 
lower low water), varies in width from 2 to 3 miles along the 
Oceanside cell to almost 10 miles at Imperial beach. Based on the 
position of the 50-fathom depth line (NO- Chart 18740, October, 
1977) the major offshore geomorphic features consist of a narrow 
submarine shelf, that extends from Dana Point to La Jolla, and a 
relatively wide submarine shelf which extends from La Jolla to 
Imperial Beach. The shelf has a gradient that ranges from 0,4 
percent to 2.8 percent, in water depths of 40 to 60 feet MLLW. 
Two major geomorphic features that exist along the San Diego region 
shelf are Carlsbad and La Jolla submarine canyons. Both submarine 
canyon systems have down cut as much as several hundred feet into 
the shelf during the last ice age 19,000 years ago (Crowell, 1950) 
when sea level was as much as 300 feet lower than it is today. 
Darigo and Osborne (1986) identified 13 ancient river channels that 
exist in the subsurface of the San Diego County shelf. Eleven of 
those river channels are buried, however, two of those channels, 
Carlsbad and La Jolla submarine canyons, are still exposed in the 
off shore shelf. Long linear ridge-like features have been 
identified on the shelf. 





2.2.2 Plate Tectonics. 

The tectonic activity of the ~alifosnia region is a result of 
movement between two large plates that make up part of the earth's 
crust, the North American and Pacific plates, see figure 2-3. 
Geologists refer to the study of the movement of mobil 'plates as 
plate tectonics. Recent geologic evidence, including earthquakes 
and deformation, indicates that the San Andreas fault is the 
boundary between those two plates and the relative movement is 
shifting Los Angeles, on the Pacific plate, toward San Francisco, 
on the North American plate at a rate of approximately 2 inches 
per year. Both the origin and the uplift of the Santa Ana block, 
which is part of the Pacific plate, is due to deformation 
associated with strike slip movement between the plates which 
started at least 75 million years ago in the Cretaceous or earlier 
periods. 

2.2.3 Regional Neotectonics. 

The study area from Dana Point to the Mexican border lies in the 
Peninsular Range province, which extends from the Pacific Ocean 
eastward to the Colorado Desert and Gulf of California, northward 
to the Transverse Ranges and southward into B a j a  California. The 
Peninsular Range province trends northwest-southeast and consists 
of parallel chains of northwest oriented mountains separated from 
one another by elongated fault-bounded valleys. These faults are 
related to the San Andreas and are part of the local tectonic 
regime. Vertical displacement along these faults has produced 
topographic relief of thousands of feet between adjoining mountains 
and valleys. Figure 2-4A outlines the structural blocks that make 
up the peninsular Range province. Recent precise surveys by the 
USGS indicate that uplift is episodic. The last vertical movement, 
which reflects the recent tectonics of the area is broadly 
bracketed between 1897 and 1932; however, most of the deformation 
occurred between 1906 and 1914 and involved regional uplift to the 
northeast of 1.3 feet of the Santa Ana block (Wood and Elliot, 
1979), see figure 2-4B. This episode of uplift was clearly defined 
because further uplift is not evident when the 1928 and 1968 
surveys are compared. Chapter 4 discusses non-tectonic changes in 
sea level along the shoreline. 

2.2.4 Geology. 

The coastal foothills and mountains consist of Mesozoic age 
metamorphic and granitic-like crystalline llbasementll rocks. The 
coastal plain consists of a westward thickening wedge of Mesozoic 
and Tertiary age conglomerates, sandstones, and shales which are 
capped by Quaternary non-marine sediments. Most of these rocks 
are exposed in the coastal cliffs. The major offshore geologic 
features that make up the nearshore shelf consist of a relatively 
thin layer of Holocene sediments and submarine exposures of 
Cenozoic and older ~esozoic shales, sandstones, and conglomerates. 
See plates 1 through 7 ,  CCSTW report 84-4, for detailed geologic 
maps of the San Diego coastline and see plate 8, sheets 1 and 2, 





Limits of study area : 
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Figure 2-4A. Neotectonics of the Southern California Region. 
Major Faults. 

Limits of study area : 77- 
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Figure 2-4B. Neotectonics of the Southern California Region, 
uplift. Contours based on data from 1934 to 1969. 



for regional geologic sections and lithology. 

Onshore Geolocfy 

The Cretaceous rocks consist of the Point Lorna and Cabrillo 
formations. The Point Loma formation, which consists of yellow, 
fine-grained marine sandstone and interbedded olive-gray marine 
clay shale, represents an ancient submarine fan. The Cabrillo 
formation consists of marine sandstone and crossbedded 
conglomerate. The ~ertiary rocks south of Carlsbad are made up of 
Eocene age formations while the rocks north of Carlsbad are ~iocene 
in age. Those Miocene rocks include the San Onofre breccia, the 
Capistrano and the Monterey formations. The San Onofre breccia is 
composed of a marine, poorly sorted, well indurated sandstone and 
conglomerate. Both the Capistrano and Monterey formations are 
ancient outer shelf and deep water mudstones and claystones. The 
terraces landward of the shoreline are covered by soils, which are, 
generally thin, and consist of poorly sorted aggregates of silt, 
sand, pebbles, and cobbles. These overlay sedimentary rocks of 
PLeistocene, Pliocene and Eocene age. Igneous and metamorphic 
rocks make up the mountains all of which were formed during the 
Cretaceous. During the Cretaceous as many as 26 separate types of 
granitic rock intruded into mainly Jurassic age pyroclastic rocks. 
The pyroclastic rocks were metamorphosed into low grade greenschist 
facies rocks by the intruding granitic rocks, see plates 7 and 8, 
CCSTWS 84 -4 .  

Offshore Geoloav 

Unconsolidated gravel, coarse to fine sand, silt and clay 
deposits make up the Holocene sediments. Most of the nearshore 
shelf surface consists of fine grained sands, which range in 
thickness from less than 1 foot to approximately 15 feet, and 
extend seaward to about the 60-foot depth. In and near the mouths 
of sane of the major rivers, there are deposits of coarse sand and 
gravels. For example, the 2-square mile submarine delta of the 
Tijuana river consists primarily of gravels. The shales, 
sandstones, and conglomerates of Tertiary and Cretaceous age, see 
plate 1, extend over relatively large sections of the nearshore 
shelf where Holocene littoral sands are less than 3 feet thick, see 
plate 2. 

Oceanside Littoral Cell Nearshore Shelf 

Darigo and Osborne (1986) , Fischer (and others, 1982) , Slater 
(1987) along with Welday and Williams (1975) have provided 
information on the lithology, age, thickness, and distribution of 
the sediments and sedimentary rocks that make up the nearshore 
shelf. Plate 1 shows the offshore surficial geology of the San 
Diego region. Welday and Williams geologic map indicates, on a 
regional scale, that there are relatively large areas south of 
Carlsbad, where bedrock is exposed on the sea floor. However, 
north of Carlsbad Welday and Williams show exposed rocks only in 
the vicinity of Dana Point, San Onofre, and Las Pulgas Creek. 



Slater interpreted many hundreds of miles of high resolution sub- 
bottom seismic profiles as the basis of four 1:125,000 scale maps 
of Holocene sediments along the California shoreline from Morro Bay - 
to the USA-Mexico Border. Tekmarinels (1988) jet probe data on 
sand thickness along the shoreline was also reviewed in order to 
augment Slaterls maps. The seismic profiles were collected in 
water depths no deeper than about - 25 '  MLLW whereas the jet probe 
data were made from the upper beach to water depths of -30' MLLW. 
See plate 2-2 for an isopach map of the thickness of Holocene 
sediments in the San Diego region. Based on data from vibracores 
collected by the Corps of Engineers and by an interpretation of 
geophysical profiles at San Onofre, Carlsbad, and La Jolla, Fischer 
and others indicate the following: 

(1) Either Pliocene, Miocene, Eocene (?)  , or Cretaceous rocks 
are exposed on the sea floor or are covered by either Holocene or 
Pleistocene materials. 

( 2 )  Geophysical profiles indicate that unconsolidated Holocene 
marine sandy sediments are quite thin, ranging from approximately 
15 to 30 feet in thickness. The thicker sediments are found from 
Dana Point to oceanside. 

( 3 )  Within the Oceanside to La Jolla section of the Oceanside 
Cell, based on geophysical profiles and jet probe data, Holocene 
sands are noticeably thinner. In those areas Holocene sands range 
in thickness from 0 to 5 feet M U W .  - 

(4) Long, linear "ridge-like" features orientated parallel to 
the coastline and located one to five miles offshore overlay 
Holocene sediment. The ridge-like deposits, which are fine grained 
sandy materials, are 4 to 6 feet in height. 

(5) Unconsolidated fluvial Pleistocene sediments from about 3 
to 140 feet thick underlie the Holocene marine sediments. 

(6) Holocene sediments have been deposited into long linear 
depressions. The depressions, which are 4 to 8 feet deep, were 
caused by displaced sections of the sea floor along the Newport- 
Inglewood fault zone. 

Darigo and Osbosne used geophysical profiles and sediment 
samples from borings to verify the findings of Fischer and others. 
They also found that all of the major rivers south of Oceanside to 
the ~exican Border extended offshore during the last glacial 
period. These river valleys have been filled with younger fluvial 
materials and covered with marine sediments during the rise of sea 
level over the last 19,000 years. See figure 2-5 for a 
stratigraphic sections along the mouths of the San Luis Rey, San 
Diego and Tijuana rivers. 

Offshore ridses 

Osborne (and others, 1989) .describe the sedimentolagic 
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Figure 2-5. Stratigraphic profiles of the region's major rivers. 



properties of the ridges offshore of oceanside harbor. Based on 
ICON (inter continental shelf sand inventory) borings and sub 
bottom profiles, the subsurface geology of the offshore area 
consists of Holocene marine sediments that extend from the sea 
floor to a depth of approximately 30 feet. Those sediments overlay 
Flandrian moderately well sorted, medium grain sands which 
represent deposition that occurred in a late Pleistocene lagoon- 
The ICON cores reveal the presence of cut-and-fill depositional 
structures which have been described as hummocky cross 
stratification (HCS) formed by !*waning storm-generated 
unidirectional flows with superimposed oscillatory storm generated 
wave action" (Osborne, and others 1989). Osborne cited other 
authors who have related HCS deposition to "severe . . . mid- 
latitude winter wave cyclones (intense winter storms)1v. Fourier 
data on samples taken from the area where the bars are located 
indicate that the bars can be sub-divided in a shore parallel 
sense, such that the seaward flank of the bar is characterized by 
sand from the littoral zone, and the landward flank is made up of 
re-worked Quaternary and Eocene sediments. 

Mission Beach Littoral Cell Nearshore Shelf 

Welday and Williams (1975) show that the nearshore shelf within 
the Mission Beach cell consists of fine sand with patches of coarse 
sand, see plate 1. They also show extensive exposures of 
Cretaceous rocks that extend more than a mile offshore of La Jolla 
peninsula and Coronado peninsula. Both of these areas are 
submerged wave-cut platforms which can be seen at low tide along 
the shore at both peninsulas. Darigo and Osborne (1986) indicate 
that the Holocene and underlying Pleistocene marine sediments in 
the Mission Beach cell were deposited in an east-west trough. They 
also indicate that the trough was once the flood way of the 
ancestral San Diego river. The Holocene sediment has a maximum 
thickness of about 60 feet near the present day mouth of the river. 

Silver Strand Littoral Cell Nearshore She1.f 

Welday and Williams (1975) indicate that most of the nearshore 
shelf is covered with fine sand. They also show areas of coarse 
sand offshore of Silver Strand State beach and at the other end of 
the approach channel to San Diego harbor. In the area offshore of 
the mouth of the Tijuana river, a large area of the sea floor is 
mapped as being covered with gravels, see plate 2-2. Darigo and 
Osborne (1986) show that the thickness of the Holocene and 
Pleistocene sediments is very much influenced by pre-Pleistocene 
topogaphy which are related to: 

(1.) Faulted Tertiary and Cretaceous rocks which underlay the 
Holocene and Pleistocene sediments, see figure 2-5. The faults 
have created north-south trending grabens which have become the 
depositional site of as much as 120 feet of Holocene and 
Pleistocene sediment. 

(2.) The width and depth of the buried ancestral San Diego, 



Figure 2-6. Faulting in t h e  nearshore s h e l f .  



Chollas, Sweetwater, Otay and Tijuana river valleys is shown on 
figure 2-6. Darigo and Osborne (1986) indicate that Holocene 
sediment in the buried river valleys, see figure 2-7, in the 
nearshore shelf is as much as 100 feet thick. 

2.3 ANALYSIS OF SEDIMENTS. 

2.3.1 Objectives. 

The identification of sources of littoral sediments within a 
cell is an important variable in calculating a sediment budget. 
In order to identify those sources and the relative amount of 
materials supplied to the beaches, geologic studies, including 
determination of regional rock types and determination of the 
physical nature of the fluvial sediments, are necessary. Analysis 
of geologic maps and profiles for the various geomorphic regions 
determine the parent rock formations. For this study the sediments 
resulting from them were determined by their variance in quartz 
grain shape, grain size and mineralogic content. Samples of beach 
materials and of fluvial, cliff, and offshore systems supplying 
them were collected and analyised. The analyses also determined 
the amounts of materials and sizes from each source, their seasonal 
variation and the distribution of offshore sediments. Grain sizes 
and mineralogy were determined by standard petrographic and 
hydrometer methods and Fourier analysis was used to determine the 
shape of quartz grains, see section 2.5.2. Mineralogic data is 
expressed in terms of the abundance of quartz, feldspar (both 
plagioclase and potassium) and heavy minerals; these are designated 
as Q-F-Hm in the data that follows. The heavy minerals group is 
further differentiated by specific mineral types. Table 2-2 lists 
the sample sets collected along with their seasonal designations. 

2.3.2 Field Investigations 

Field Procedures 

Five littoral sample sets were collected and analysed between 
1983 and 1986. Table 2-1 lists the five sample sets, and the 
cliff, river and offshore samples and the dates they were collected 
for this study. The littoral zone samples were collected at the 
end of oceanographic seasons in order to compare the effects of 
seasonally related changes from year to year, see table 2-2. All 
of the beach samples collected were obtained as surface grab 
samples. Those samples which were taken from the surf zone and 
the nearshore, were collected by the hydrographic survey team as 
part of the beach profiling task. The samples obtained in and 
seaward of the surf zone were obtained with a "Petite Ponar1# 
sampler, and the samples collected landward of the surf zone were 
obtained by hand. 



Figure 2-7. Buried ancestral river channels. 



Sediment samples fromthe coastal cliffs were collected at three 
locations; San Onofre, Camp Pendletion, and Torrey Pines. Ten 
stratigraphic sections were measured, described, and samples were 
collected at each site. The objective in sampling and mapping the 
cliffs is to identify these materials in beach sand. This 
identification would aid in evaluating the cliffs as a source of 
beach sand. 

Eluvial samples along the major streams were not collected as 
a part of the CCSTW geotechnical study. The only river sediment 
samples collected are described in CCSTWS report 90-1, and came 
from sites approximately 0.6 mile upstream from the mouth of the 
stream. This location was chosen to avoid mixing littoral 
materials that may have been carried into the river during a high 
tide. In order to augment the river mouth material, data from an 
un-published report on three of the region's streams are utilized 
to characterize the physical properties of the sediments in the 
ma j or streams. 

Since funding was not provided to collect offshore samples, 
texture and mineralogic data for offshore sediments were obtained 
from reports of other studies. Fourier samples from offshore sites 
were taken from vibratory cores collected in 1979 as part of the 
ICON study, a nearshore shelf sand source inventory study; the 
cores are archived locally. 

Testins Rationale and Methods 

Texture, mineralogic and Fourier testing and analysis methods 
were selected because each test method provided data that would 
collectively meet the objectives of identifying the sediment 
sources and seasonal changes of the sources. 

Texture data from sediment samples collected from the littoral 
zone, rivers, cliffs and nearshore shelf is needed to identify the 
grain size changes of the sediment from those sources which are 
related to seasonal changes in the oceanographic and meteorologic 
environment of the region. 
Mineralogical data are used to a semiquantitavel analysis of the 
major sources of littoral sand and identify seasonal changes in the 
relative amount of sediment. Fourier data will indicate the 
sources and the percentage of sand from those sources using 
advanced statistical and time series analysis. 

The laboratory testing and analytical procedures for texture, 
mineralogy and fourier analysis are described in detail in CCSTW 
Reports 84-5, 85-11, 87-2 and 90-1. Grain sizes are represented 
as mean size in millimeters (mm). Unless otherwise noted, the 
depth from which all samples were collected is referenced from 0 

' A non-numeric estimate of the major source of sand, based 
on the relative abundance of selected minerals found in beach, 
offshore, river and cliff sediment samples. 



Table 2-1. Texture, mi~eralogic and fourier data sets. The data for the samples collected 
"upstreamH were obtained for the Oceanside Monitoring Program and the lloffshore shelft1 sample data 
was obtained from samples taken from the inter continental shelf (ICON) sand borrow area cores. 

Dates Samples 
Sample Sites Samples Collected Analyzed 

Source From to from to For 
Littoral Zone Dana Pt Mexican border 10-17-83 1-8-84 Grain size mineralogyL fourierJ 

Cliffs San Onofre 
Oceanside 

River mouths Dana Pt 
River upstream I Las Flores 

r Offshore shelf 
OI 

Dana Pt 

tl 11 

11 11 

11 11 

11 18 

Oceanside 
La Jolla 

Mexican border 
San Luis Rey 
Mexican border 

Only selected samples were tested for mineralogical makeup. 

Fourier analysis was not preformed on littoral samples collected before 1986. 



Table 2-2. Littoral samples and seasonal relationships. 

The following table briefly summarizes the relationships between the date the littoral 
sediment samples were collected, the seasonal period that they represent and the significant storms, 
wave height, and rain fall that occurred during or before that oceanographic period. The 
oceanographic data was abstracted from chapter 9, table 9-8, and the rain fall data from page 4a, 
"Local Climatological Data -Annual Survey with comparative Data, San Diego", 1986, NOAA, Asherville, 
North Carolina. The dates that the samples were collected and the occurrence of storms, in terms 
of wave height and rain fall, are shown chronologically. 

Per,iod 
I Ending 
r Littoral samples Season and Year 

were collected Ass isnment 

17 Nov. 1983 to 7 Jan. 1984 winter 1983 

3 Mar. 1984 to 8 June 1984 summer 1984 

1 Jul. 1984 to 28 Jan. 1985 winter 1984 

April 1986 

November 1986 

winter 1985 

summer 1986 

Seasonal Conditions 
Total 

Significant Deep-water Rain fall 
Storms wave height in 

Month-Year in feet inches 
March 1983 2 4  
4 Dec. 1983 14 ) total: 14.7 
10 Dec. 1983 14 ) 

March 1984 

none 

none 



MLLW (Mean Lower Low Water) . All the minerals identified, along with their 
abbreviations and shown on the following figures, are listed in the order 
shown on table 2-3. 

Table 2-3. Mineral abbreviations. 

Mineral Abbreviation Mineral Abbreviation .............. quartz Q plagioclase feldspar ...... P 
orthoclase feldspar.. K heavy minerals ............ H 
actinolite/tremolite. 1 andalusite ................ 2 
apatite ............. 3 augite/diopside ........... 4 
beryl ............... 5 biotite .................... 6 ...... composite clinozoisite/epidote 7 ........ minerals 8 corundum .................. 9 
garnet .............. a glaucophane..... ........... b 
glaucophane/schist .. c hornblende ................ d ......... hypersthene e muscovite ................. f 
olivine ............. ............. 9 opaque grains h ......... piedmontite i rutile .................... j ......... sillimanite k sphene .................... 1 
topaz ............... m tourmaline ................ n .................... wollastonite ........ o zircon P .... zoisite ............. q doubtful determination r 

2.3.3 Oceanside Littoral Cell. 

Littoral Zone 

Texture. Based on data from 1983 to 1986, the mean grain size 
of sediments within the Capistrano beach section of the cell, 
ranged from 0.25 to more than 1 mm depending the season. Down 
coast from Capistrano to La Jolla grain sizes ranged from 0.19 to 
0.4mm, see figures 2-8 and 2-9. Within the Capistrano beach 
section of the cell the winter 1983 samples at stations DB-1850 and 
SO-1530 are the most course grained sediments among all of the 
littoral samples. The winter 1986 samples along Torrey Pines beach 
were more coarse grained, ranging from 0.3 to 0.4mm. 

Mineraloqv. Considerable variation exists in the abundance 
of quartz, the potassium feldspar and the heavy minerals. Between 
the end of summer 1983 and 1986, quartz varied from 32 to 67 
percent. Potassium feldspar and the heavy minerals likewise varied 
considerably from 7 to 32 percent and from 11 to 30 percent 
respectively, see figures 2-10, 2-11 and 2-12. The greatest 
fluctuation of quartz occurs in the Dana Point to San Mateo creek 
area whereas the largest change in potassium feldspar and the heavy 
minerals occurred in the Oceanside harbor to La Jolla area, see 
figure 2-12. These minerals can be used to differentiate the five 
sample sets within the cell's main coastal segments. 

The heavy mineral analysis indicates'that hornblende makes up as 
much as 70 percent of the heavy minerals in the Oceanside harbor 
to La Jolla shoreline; however, in the San Mateo creek to Oceanside 
harbor area, hornblende ranges from 30 to 45 percent. Epidote is 



on average twice as abundant from Dana Point to Oceanside harbor 
littoral zone than from Oceanside harbor to La Jolla. The opaque 
minerals also exhibit decreasing abundance from up coast to 
downcoast, see figures 2-8, 2-9 and 2-10. 

Offshore Shelf 

Osborne (and others, 1983) published the following petrologic 
data on samples from vibracores drilled offshore of Oceanside, and 
offshore of the Oceanside - La Jolla area in 1980. 

Texture. Recent sediments are noticeably finer grained than 
Pleistocene or alder sediments. Median grain sizes (in 
millimeters) are: 

Oceanside 
to 

Sediment Type Oceanside La Jolla La Jolla 
Holocene (Recent Marine) 0.01 0.13 0.15 
Holocene (Flandrian) 0.4 - 0.3 
Pleistocene 0.4 - - 
Eocene 0.4 - - 

Mineralow. The mineralogic data which are shown on figures 
13, 14 and 15 indicate the following: Within the Oceanside cell 
the abundance of quartz is about 14 percent, and the feldspars and 
the heavy minerals make up 32 percent of the minerals in recent 
sediment, see figure 2-13. Within the Oceanside harbor to La Jolla 
segment of the shoreline, the heavy minerals are the most dominant 
of the Q-F-Hm minerals. In Flandrian sediments quartz is still 
dominant but both feldspars, and the heavy minerals are less 
abundant than in Holocene sediments. 

The significance of the texture and petrologic data is that the 
Holocene sediment is very fine grained and has a high percentage 
of biotite with relatively small percentage of quartz and 
plagioclase feldspar while the Flandrian and Pleistocene sediments 
are much more course grained and contain a high percentage of 
quartz. 

2.3.4 Mission Beach Littoral Cell. 

Littoral Zone 

All of the data on littoral zone sediments came from beach 
samples also collected from November 1983 to April 1986. These 
samples, which represent either end of summer or the end of winter 
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~ i g u r e  2-11. Regional mineralogy, San Mateo Creek to oceanside harbor. 





Dona Point to Mexican Border 
Off shore Mineralogy -Holocene Sediments 
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Figure 2-13. Holocene (Recent) offshore sediments mineralogy. 
Samples were taken from vibracores that were located in water 
depths of -30 to -55 feet MLLW. 

Abbreviations: mg, magnetite-ilmenite; pr, plutonic rocks, mr, 
metamorphic rocks; vr, volcanic rocks; sr, sedimentary rocks, and 
sh, shells, or see table 2-3. 



Dona Point to Mexican Border 
Off shore Mineralogy -Flandrion Sediments 

igure 2-14. Holocene (Flandrian) offshore sediments mineralogy. 

Abbreviations: mg, magnetite-ilmenite; pr, plutonic rocks, mr, 
metamorphic rocks; vr, volcanic rocks; sr, sedimentary rocks, and 
sh, shells, or see table 2-3. 
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Figure 2-15. Offshore mineralogy, rock outcrops. 

Abbreviations: mg, magnetite-ilmenite; pr, plutonic rocks, mr, 
metamorphic rocks; vr, volcanic rocks; sr, sedimentary rocks, and 
sh, shells, or see table 2-3. 



conditions, respectively, indicate the following: 

Texture. Only two distinct trends are evident among the mean 
grain size data for the Mission beach segment of the cell. 

(1, ) Decreasing median grain size, 0.3m (millimeters) to 0.2mm, 
from upcoast to downcoast for the Spring 1984 samples, see figure 
2-16. 

(2. ) Increasing median grain size, 0.19mm to 0. 2mm, from upcoast 
to downcoast for the Winter 1985 samples, see figure 2-16. 

In the Ocean beach reach within the cell the same trends occur 
except that the direction of decreasing grain size is reversed for 
the same Spring 1984 and Winter 1985 samples. 

Mineralosv. The same change in the abundance of quartz among 
the samples collected from 1983 to 1986 in the Oceanside cell is 
also evidenced in the Mission beach cell. However in this cell, 
quartz increased from 32 percent in 1983 to 75 percent in 1986, an 
increase of approximately 100 percent. And also like the Oceanside 
cell, the plagioclase and orthoclase feldspars and the heavy 
minerals varied in abundance from 3 to 34 percent, 5 to 15 percent, 
and 9 to 16 percent respectively, see figure 2-17. 

The significant difference between the Oceanside and Mission 
beach cells is the large increase in hornblende and the decrease 
in epidote and opaque minerals, see figure 2-17. Another 
significant difference is evidenced in the decrease of glaucophane 
which in the Oceanside cell ranges from 25 to 40 percent whereas 
in the Mission beach cell it averaged no more than 12 percent. 

Offshore Shelf 

Osborne (and others, 1983) published the following petrologic 
data on samples from vibracores drilled offshore of Mission Beach 
in 1980. 

Texture. Recent sediments are noticeably finer grained than 
older sediments. Median grain sizes (in millimeters) are 0.15 for 
the Holocene (Recent) and 0.4 for the Holocene (Flandrian) at 
Mission Beach. 

Mineralosv. The mineralogic data which are shown on figures 2-  
13, 2-14 and 2-15 indicate that quartz, at 40 perecnt of the total 
population, is the most abundant mineral in Holocene offshore 
sediments followed by plagioclase feldspar, 18 percent, potassium 
feldspar, 8 percent and heavy minerals, 5 percent. The heavy 
minerals, on the other hand, represent only 5 percent of the total 
mineral population, see figure 2-13. Almost all of the heavy 
minerals range in abundence from 0 to 1 percent, except for 







plutonic rock fragments, vlprll and shell fragments "shW , 18 and 4 
percent respectively. The same minerals that are present in the 
Holocene are also present in Flandrian sediments and rock outcrops 
in approximately the same abundance, see figures 2-14 and 21-5. 

2.3.5 Silver Strand Littoral Cell. 

Littoral Zone 

Texture. With the exception of one sample, collected at station 
SS-0015 at the end of the winter 1986 season, all of the samples 
show a trend of decreasing grain size in an upcoast direction, see 
figure 2-18. The relatively large value for the grain size at 
station SS-0015 is unknown and the site should be re-sampled to 
verify this value. 

Mineralosv. Figure 2-19 indicates that for the November 1983, 
March and November 1984 samples, plagioclase feldspar was much more 
abundant, relative to quartz, in this cell than the other two 
cells. Another significant change is evidenced by the increase of 
quartz, from 25 percent to 66-70 and the overall decrease of 
plagioclase feldspar, from 46 to 10 percent, see figure 2-19. 

Although the abundance of heavy minerals has varied from 9 to 
30 percent, their average abundance ranges from about 15 to 20 
percent of the total population among all of the samples from 1983 
to 1986. The most obvious symmetry among the heavy minerals is the 
systematic decrease of epidote and opaque grains and the increase 
of hornblende. 

Off shore Shelf 

Osborne (and others, 1983) published the following petrologic 
data on samples from vibracores dril'led offshore of Silver Strand 
Beach in 1980. 

Texture. Recent sediments are noticeably finer grained than 
Flandrian sediments. Median grain sizes (in millimeters) are 0 . 1 4  
for Holocene (Recent) and 0.34 for the Holocene (Flandrian) at 
Silver Strand Beach. 

Mineralom. The mineralogic data for Holocene sediments are 
very similar to the Mission Beach cell with the execption of quartz 
and plagioclase feldspar, see figure 2-13. Quartz and plagioclase 
make up 28 and 11 percent of the minerals in the Silver Strand cell 
where they make up 40 and 15 percent respectively of the Mission 
Beach Holocene samples. Mineralogic data from both the Mission 
Beach and Silver Strand cells also indicate a significant 
difference in the abundance of biotite in Flandrian sediments, see 
figure 2-14. In the Mission Beach cell, biotite makes up 1 percent 
of the heavy minerals, and in the Silver Strand cell it makes up 
almost 10 percent of the heavy minerals. 
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2.3.6 COASTAL CLIFFS. 

Introduction 

About two-thirds of the San Diego County coastline consists of 
cliffs. The San Onofre-Camp Pendleton cliffs range from 25 to 100 
feet high, and in the Torrey Pines area, cliff heights range up to 
300 feet. Topographic relief in both areas is largely determined 
by the erosive processes forming the cliffs and the erosive 
resistance and stratigraphic position of the sedimentary rocks 
that make up the cliffs (Emery and Kuhn, 1982). Plates 1 through 
6 (in CCSTWS report 84-4) show the geology and generalized 
topographic profiles of the cliffs in the San Diego region. 
Reports prepared by Osborne and Kuhn (1986, 1987, 1988), indicate 
that the San Onofre-Camp Pendleton and Torrey Pines cliffs are the 
sections with a history of significant erosion, both of these 
sections are in the oceanside Littoral Cell. The significance of 
cliff erosion is that cliff detritus represents a source of 
material. Erosion of the cliffs occurs in any'combination of four 
modes (1) sheet erosion, (2) wave attack, (3) gullying, and (4) 
landslides. Any one, or combinations, of these four modes can 
cause erosion along any given segment of'cliff. 

Cliffs Geoloav 

The San Onofre-Camp Pendleton section of coastline extends for 
ten miles from San Onofre Creek south to the Santa Margarita River, 
and includes San Onofre State Park and most of coastal Camp 
Pendleton. Thick horizontally-bedded Pleistocene and Pliocene(?) 
strata unconformably overlie the Monterey Formation (Miocene in 
age) throughout the area (Ehlig, 1977). The following information 
is based on samples and descriptions of 21 geologic profiles of 

the cliffs contained in Osborne and Kuhn (1986). The geology of 
these cliffs is characterized by reddish-brown Quaternary marine 
or nonmarine terrace and alluvial fan deposits, which range from 
30 to 90 feet thick. Pliocene and Pleistocene strata consist of 
thick siltstone units with interbedded cobble to pebble sized 
channel deposits. The Miocene strata vary from diatomaceous 
siltstones to cross-bedded, coarse-grained sandstones. Extensive 
landslide escarpments are present within the highly fractured and 
fine-grained rocks of the Monterey Formation, see figure 2-20A. 
The spectacular cliffs along the Torrey Pines section reach a 
maximum height of 300 feet and extend from Soledad Valley to La 
Jolla Shores, see plate 3, geomorphic framework report (CCSTW 84- 
4). Figure 2-20B shows the general stratigraphy of the cliffs at 
Torrey Pines. Several Eocene age formations are exposed in the 
cliff face which are: 1) S c r i ~ ~ s   orm mat ion- an interbedded 
sandstones and conglomerates. 2) Ardath Shale Formation- an 
olive-gray, richly microfossiliferous silty shale. and 3) Torrev 
Sandstone Formation-a tan arkosic sandstone with large-scale cross 
bedding which interfingers with the Ardath Shale. This formation 
has been interpreted to represent an ancient barrier beach and bar 
complex. These cliffs are capped with iron-oxide cemented terrace 
deposits of Pleistocene age. South of Torrey Pines, the cliffs are 



disturbed by extensive landslides. 

Cliffs Texture 

The texture of the sediments that makeup the cliffs a t  San 
Onofre-Camp Pendletion and Torrey Pines consist of either mudstones 
or fine grained silty sands to coarse grained sands that are 
interbedded with pebble to cobble sized conglomerates. Within the 
cliffs from San Onofre to Camp Pendletion the mudstone and fine 
grained silty sands make up 50 percent of the cliff, and the rest 
consists of pebble to cobble sized conglomerates. The Torrey Pines 
cliffs consist of 60 percent medium to coarse grained silty sand 
with the remaining consisting of sandy pebble to cobble sized 
conglomerates. 

Cliffs Mineraloav 

The sand sized sediments of the cliffs at San Onofre, Camp 
Pendletion and Torrey Pines can be differentiated by varying 
amounts of quartz, feldspar and heavy minerals, see figure 2-21. 

Cliff Most Abundant Least Abundant 
San Onofre heavy minerals plagioclase feldspar 
Camp  endl let ion quartz potassium feldspar 
Torrey Pines plagioclase feldspar heavy minerals. 

The distribution of heavy minerals also indicates differences 
between the three cliffed areas, see figure 2-21. The following 
list indicates which cliff sites have the most or the least of the 
more abundant heavy minerals. 

Heavy Cliff Site Cliff Site 
Mineral Most Abundant Least Abundant 
Epidote San Onofre Torrey Pines 
Glaucophane San Onofre Torrey Pines 
Hornblende Camp Pendletion Torrey Pines 
Opaque Mins. Torrey Pines Camp Pendleton 
Sphene Torrey Pines Camp Pendleton 

Estimate of Cliff Erosion 1887 to 1987 

Based on studies performed by Osborne and Kuhn (1986), 
approximately 16 million cubic yards of sand has been input into 
the littoral zone from cliffs in the San Onofre-Camp Pendleton area 
from 1887 to 1987. Additionally the amount of sand that has eroded 
from the Torrey Pines cliffs is estimated to be approximately 4.5 
million cubic yards from 1887 to 1987. Osborne and Kuhn have also 
indicated that any calculation of the quantity of sand sized 
material use to generate "averagew yearly cliff erosion rates 
should be used with caution because great storms, which occurred 



Figure 2-20B 

Figure 2-20A 

STRUCTURES 

Figure 2-20. Geologic Columns. Figure 2-20A. San Onofre-Camp 
Pendleton cliffs. Figure 2-20B. Torrey Pines cliffs. Grain size 
graph indicates the average grain size in terms of CO (cobble), P 
(pebble), C (coarse sand), M (medium sand), F (fine sand), or SL 
(silt) sized sediment for each bed shown in the "lithology and 
structuresw graphic log. 
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within the last 100 years and which caused much of the erosion, 
have occurred infrequently and the amount of erosion is very site 
specific. They have also indicated that with the exception of a 
few severe stormy seasons, the period from 1947 to 1977 was a 
period of benign climatic conditions. See Osborne and Kuhn (1988) 
for the methodology used in estimating the rates of cliff erosion. 
Osborne and Kuhn also indicated that the coastal cliffs between 
Dana Point and Point San Mateo would not supply sand because of 
the railroad, which is located between the cliffs and the beach, 
would be a man made barrier to wave erosion. Osborne and Kuhn also 
indicatedthat onlythe San Onofre-Camp Pendletion and Torrey pines 
cliffs have been shown to contribute significant volumes of sand 
sized material into the littoral zone. 

2.3.7 Inland Sediments. 

Caastal Hills and Mountains 

More than 50 percent of the larger drainage areas, such as those 
drained by the Santa Margarita or San Diego rivers, occupy hilly 
and mountainous terrain. The bedrock consists mostly of hard, 
dense crystalline granite-like rocks covered by a thin residual 
soil. U.S. Department of Agriculture reports (Bowman, 1973; 
Holmes, and others 1918) indicate that the physical properties of 
the soils that cover the foothills and mountains of the San Diego 
region are Itrough stony land," which covers about 50 percent of the 
entire region. Holmes states that the soil associated with the 
rough and stony land @I.. .have been derived in place through the 
weathering and disintegration of the underlying (in place) 
consolidated rocks...". 

The soils in the coastalmountains originate from a granodiorite 
parent rock, except for the Holland and Sheephead soil 
associations. Bowman (and others, 1973) indicates that the Holland 
soil is from mixtures of micaceous schist and decomposed gabbro, 
while the Sheephead is associated with micaceous schist. The soil 
texture and the fine grained crystalline nature of the parent 
bedrock indicate that direct weathering of the source rock has 
produced sediments that have a median diameter that falls in the 
fine-grained sand classification. These two soil types directly 
overlie their parent rock, a granodiorite, and locally, gabbros and 
metavolcanic rocks. 

A more recent description of the sandy soils within the coastal 
hills and mountains is given by Bowman (1973) who makes reference 
to the MCieneba-Fallbrookw coarse sandy *vloamsw, and sandy clay 
"loamsW encountered in the coastal foothills. The reported 
textural properties and thicknesses of these soils, exclusive of 
the rocks and boulders, are shown in table 2-4, 



Table 2-4. Texture of the Soils in the Coastal Foothills. 
Typical 

Soil Thickness Percent Passins Sieve (No.) 
(in.) 4 10 40 60 

Cieneba 8-10 95-100 90-100 60-70 25-35 Non plastic 
Fallbrook 0-12 95-100 25-95 60-70 30-40 Mon plastic 

The soils encountered in the upper watershed of the coastal 
mountains include the following: 

Table 2-5. Texture of the Soils in the Coastal Mountains. . , 

Typical 
Soil Thickness Percent Passing Sieve (No.) 

(in. 1 4 10 4 0  20 
Holland 0-20 90-100 85-100 65-80 30-45 
Crouch 0-56 85-95 80-90 50-65 ' 20-35 
La Posta 0-29 80-100 75-85 40-50 10-20 
Tollhouse 0-16 90-100 85-95 50-60 20-30 
Sheephead 0-8 85-95 80-90 65-75 35-45 

Coastal Plain 

As a potential source terrain, the coastal plain may contribute 
f ine-grained sand from the erosion of exposed Cretaceous, Tertiary, 
Quaternary, and Holocene sedimentary materials. The nature of 
those sediments is not known because sediment samples and analyses 
that would have documented the types of sediment and their grain 
size, mineralogy and quartz grain shape were not authorized for 
inclusion into the scope of work for the CCSTW study. In this 
report, Cretaceous and Tertiary rocks will be referred to as one 
source of potential littoral material, and the Quaternary rocks and 
Holocene soils as another source of littoral sediment. See figure 
2-22 for representative texture diagrams of the coastal plain 
soils. 

Rivers and Streams 

The physical dimensions and the nature of the sediments that 
make up the valley fill along the major drainages are significant 
because those drainages represent "catchmentw basins (Fall, 1979) 
which may retain more sediment than is carried to the littoral 
zone. 

Texture. In ~ p r i l  1986 eleven sediment samples were collected 
from the region's major streams at the locations shown on plates 
1 to 6 (in CCSTWS report no. 84-4). The samples were collected 
just inland of their mouths at an elevation that was above the 
influence of the highest tide. Figure 2-23 shows that less than 
half of the major streams, namely the San Juan, San Mateo, and Las 
Flares creeks, potentially produce predominantly coarse grained 
sand (0.4 to 1. O m )  . The other streams, including the San Juan, 
Santa Masgarita, San Diego, and Tijuana produce fine grained 
sediment. 
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Figure 2-23. E r a i n  size distribution of 'sediments collected at the 
mouth's of the major rivers. 



Mineralow. There are mineralogic data on eleven coastal 
streams. The collection and laboratory analysis of complete sets 
of samples, inland from the ocean, were not taken for this study. 
In order to augment the CCSTWS data, see figures 2-24, 2-25 and 2- 
26, petrographic data, obtained from samples collected in major 
streams near Oceanside harbor for the experimental sand by passing 
program were used. The data were used to identify the typical 
mineralogy of the region's major streams. Those samples which were 
taken from sites as much as 24 miles inland from the shoreline, 
show that plagioclase feldspar is the dominate mineral, not quartz. 

Dominant 
Mineral Dominant Mineral 

Stream at mouth within stream 
San Juan quartz unknown 
Santa Margarita 11 plagioclase feldspar4 
Las Flores II II )I 

San Luis Rey II II II 

San Eljo II unknown 
San Dieguitos I) II 

Penasquitos II II 

San Diego II II 

Tij uana II II 

Figures 2-24, 2-25 and 2-26 also indicate that some heavy 
minerals can be used to differentiate streams or groups of streams. 
All of these data are from CCSTWS data collected approximately 3/4 
of a mile up stream from the stream's mouth. The information shown 
below indicates which heavy minerals are most abundant and which 
stream is enriched in that mineral. 

Northern Coast Streams 
Heavv Mineral Most Abundant Least Abundant 
Hornblende Las Flores Santa Margarita 
Composite Minerals Santa Margarita San Juan 
Opaque Grains San Juan Santa Margarita 

Central Coastal Streams 
Heaw Mineral Most Abundant Least Abundant 
Hornblende San Luis Rey Penasquitos 
Opaque Grains Penasquitos San Luis Rey 
Clinozoisite-Epidote San Elijo San Luis Rey 
Sphene San Elijo San Diequitos 

I 

Southern Coastal Streams 
Heaw Mineral Most Abundant Least Abundant 
Hornblende Tijuana San Diego 
Clinozoisite-Epidote San Diego Tijuana 

Data from Oceanside experimental sand bypass monitoring 
program. Samples were collected 2 to 21 miles up stream. 









Laaoons 

Several of the drainages terminate in moderately large lagoons. 
Carbonaceous material that can be dated with Carbon-14, generally 
microfossils from borings-taken in the lagoon, show that the lagoons 
have undergone several cycles of sedimentation in the last 200 years. 
Mudie and Byrne (1980) have also examined samples taken from cores 
which contained several important species of pollen from Los 
Penasquitos Lagoon and Mission Bay. They discovered that these 
pollen species were imported by man, and from radiocarbon dating, 
introduced into the coastal region of San Diego at specific times. 
Based on those dates, sedimentation rates in the lagoon could be 
determined. Those pollen and the approximate date they were imported 
are shown in table 2-6. 

Table 2-.6. Man-introduced Pollens. 

Pollen Date of 
S~ecies Introduction Remarks 
Rumex 1825 to 1848 Via Mexican settlers 
Plantagco 1850s Via American settlers 
Eucalyptus 1902-10 Imported from Australia 

Data from Shawls report (Shaw, 1980) on Agua Hedionda lagoon 
indicates that an average of 123,000 cubic yards of sand has been 
dredged from the lagoon each year based on data from 1954 to 1979. 

2 . 4  EFFECTS OF MAN. 

There are four activities by man that can affect a coastal 
drainages's ability to produce or transport sediment into the 
littoral zone. The effects of each are discussed as follows: 

2.4.1 Dams. 

Stream flows from most of the drainage areas have been reduced by 
dams which control flood waters and supply water to the cornunities 
in their vicinity (Moffatt and Nichol, 1989a and Moffatt and Nichol, 
1989b). 

2 . 4 . 2  Channels. 

Concrete or riprap lined rivers and creeks, together with 
railroad or highway bridges that cross them, have modified the 
natural process of fluvial sediment migration to the littoral zone. 
Chang (19?9) showed that a bridge crossing that constricts the width 
of the river usually causes the river bed to erode many feet in 
depth in an unlined channel for a hundred feet or mare upstream from 
the bridge, depending on the flow. Lined channels do not allow 
sediment to be eroded from its sides or bottom. 



2.4.3 Farming and urbanization. 

~odification of the ground surface consists of either paved or 
unpaved roads, farming which includes pastures and orchards, along 
with suburban-urban cormaunities. Taylor (1981) discussed the impact 
that agriculture and urbanization have had on sediment production 
in the region's river basins; and in evaluating U.S. Geological 
Survey hydrologic data, estimated sediment yield ranges from a 
decrease of about 130 to more than 5,000 cubic yards (yd3/year) in 
all sections of the drainages studied. Taylor also indicated that 
in hilly and mountainous terrain, urbanized areas reduced sediment 
supply by erosion by about 50 percent and on the coastal plain, 
sediment supply was reduced to zero. Agricultural activities were 
judged by Taylor to have very little effect on sediment production. 

2.4.4 Sand and Gravel Mining. 

Sand and gravel mining reduces the amount of sand available for 
transport to the littoral zone since most occurs in the river beds. 
California s population and economic growth has increased 
proportionately with the growth of sand and gravel, one of its 
leading nonmetallic commodities. San Diego County's sand and gravel 
production has risen from 770,000 yd3 in 1947 to 7,196,000 yd3 in 
1977. Between 1947 and 1977, San Diego County's approximate 
percentage of the total state production of sand and gravel increased 
from 4.5 percent to 10 percent and from 3.5 percent to 8 percent for 
Orange County. San Diego County has mined about 116 million yd3 of 
sand and gravel within this time period or an average of about 6 
million tons (3.9 million yd3) per year. Since the study area 
includes only the southeastern portion of Orange County, a rough 
estimate of 15 percent for that portion of the county's share of sand 
and gravel production was assumed using available non-proprietary 
data (Miller and Corbaley, 1981). This would result in an average 
sand and gravel extraction figure of approximately 4.4 million yd3 
per year in the study area. The locations of the major sand and 
gravel resource areas in the study area are shown in figure 2-27. 
The figures given in this report on sand and gravel refer t o  either 
the volume of material produced or to the volume of material, cited 
as wreserves,M that are available for future production. 

2.5 NATURAL SOURCES OF BEACH SAND, 1983, 1984 AND 1986. 

~lthough mineralogic and grain shape data are used to delineate 
the sources of littoral sediment, information on oceanographic and 
meteorologic conditions are also included. Since the laboratory 
methods to generate mineralogic and grain shape data are different, 
see "Testing Rational and Methodsn1 section 2.1.4, the determination 
of the source of littoral sediment using mineralogic and shape data 
will be discussed separately. The environmental conditions are 
included to show seasonal changes along with the effect that 
significant storms have had on the sources of littoral sediment. 
Since offshore samples and a complete set of river samples were not 
collected, the following interpretation should be considered 





tentative. Although there are river mouth samples, a prior set of 
river sediment samples, which were obtained for the Oceanside Harbor 
monitoring program, are included with the CCSTWS samples. Offshore 
mineralogic data which has been adapted from Darigo and Osborne 
(1986) is also utilized for this interpretation. 

2.5.1 Mineralogy. 

The following interpretation of source areas will be based on 
mineralogic data developed after 1983 because no sample sets were 
collected from offshore, beach, river or cliff sites, prior to 1983. 
The minerals shown on table 2-7 are used to identify potential 
sources-because they have been shown to be: 

(1.) found in most if not all samples 

(2.) their abundance varies in beach, cliff, and river 
sites. 

(3.) variations indicate that seasonal . changes have 
occurred along the shoreline. 

Since mineralogic data for the upstream segment of all of the 
major streams and samples from the offshore sites are not available, 
a more generic identification of those source in terms of the 
minerals that are characteristic of those source areas will be used 
to analyze their significance as sources. In addition t o  the 
seasonal and year designations, the significant unsheltered deep- 
water wave heights and rain fall data are also shown in order to 
identify meteorological conditions that existed within the season, 
see table 2-2. All of the littoral zone samples were collected by 
graduate students attending Scripps ~nstitute of Oceanography, La 
Jolla California under contract administered by Planning Division, 
Los Angeles District. The Geomorphology Framework report (CCSTWS 
84-4) indicates that quartz dominated typical beach sands, such that 
quartz = +/- 70% of the total Q-F-Hm mineral population. It is, as 
discussed below, significant that the November 1983 and March 1984 
samples show that quartz, which ranged in abundance from 25 to 47 
percent, did not dominate the other two groups of minerals. Another 
ma j or change in the mineralogy proportions occurred after the 
November 1984 and before the April 1985 samples were collected. The 
April and November 1986 data show that quartz was once again the most 
abundant mineral, see table 2-7. The large changes in quartz and 
plagioclase feldspar indicate that significant changes in the amount 
of material from the source(s), which are discussed below, occurred 
twice along the shoreline, once before November 1983 and again after 
March 1984. 

The mineralogical data shown on table 2-8 clearly indicate that 
there are significant areas or regional differences in the abundance 
of almost all of the heavy minerals. The geology of the regional 
drainages, see Plates 7 and 8, in the geomorphology framework 
report, CCSTW 84-4 indicate that the drainages which nourish the 
beaches from Dana point to Oceanside harbor mainly consist of 



Table 2-7 .  Potentla1 source minerals. 
Heavy c l  1 no2 ' ccmposi te  

Average L i  t t o r a l  Zone quartz plag-spr k-spar minerals epidote minerals 
Oana p t  - San Onofre Ck 50.5 18.1 13.0 14.6 18.8 211 
San Onofre EL.-Oceanside Harbor 51.5 21.0 11.4 16.1 21.9 9.6 
Oceanslde Hbr t o  La Jo l l a  48.4 22.0 8.8 21.1 9.6 4.2 
Ulssion beach 56.2 19.8 11.0 13.2 3.6 2.2 
Sl l ve r  Strand beach 47.5 24.4 9.6 15.0 1.9 1.2 

glauco- glaucophane 
garnet phane schist  

2.8 . 0 3 0 .6  
1.4 0.9 3.9 
1.1 0.4 2.5 
0.8 0.1 0.5 
0.3 0.1 0 .1  

horn- opaque 
blende gra ins  sphene 
30 7 16.8 4.4 
37 2 8.5 2.6 
60.3 7.0 2.1 
66.5 8 . 4  1.5 
74.9 4.1 1.3 

Rlvers I n  r l v e r  channel 
Las Florcs creek 27.0 40.0 21.0 12.0 
Santa l b r g a r l t a  creek 20.0 43.0 8.0 29.0 
San Luis Aey creek 18.0 40.0 7.0 35.0 

River buthr 
Dana p t  .- San Onofre Ck 54.1 
San Onofre - Oceanslde Hrb. 60.9 
Oceansldc Hbr t o  La Jo l l a  60.3 
Mission Beach 60.1 
T l  juana 62.2 

C l i f f s  
Srn Onofre- Cam. Ptndlet lon 60.1 
Torrey Plnes 52.0 

22.7 3.2 2 6 
17.4 8.1 6.3 I<------ rock fragments --------21 

Offshore Scdlment Petrology , 

nINEuLS 
Heta- 

morphic Volcanic 
rocks rocks 
0. I 

Sedi - 
mentary Shell 
rocks fragementr 

29.4 
0 . 6  26.6 
0 . 2  0.2 

Heavy 
k-spar Minerals 

2.4 33.2 
3.2 24 

Plu to inc  
rocks 
8.6 
0.4 
0.2 
18 

12.4 
1 1  

17.4 
16.8 
22.8 
17.6 

plag-spr 
4.8 

Amphi bole Sphene Garnet 
0.6 
0.2 0.1 0 . 2  
0.2 0.2 

I 
0.5 
0.1 
0.7 
0.5 

quartz 
Recent marine - Ocesnside 13.1 
Recent marlnc - Ocenside - La  Jo l l a  25.9 
Recen tmar l ne -LaJo l l a  12.9 
Recent marlne - Uission 39.2 
Recent marine - SI lver  Strand 28.6 
Fl andraln Ch. Seds . Oceanside 26.4 
Flandraln Ch. Seds - Mlsrion 42.5 
Flandraln Ch. Seds- St lver  Stran 40.6 
Tert-Cret. nurtne outcrop La Jol l a  31.1 
Ter.-Crest. marine outcrop S i lver  S 32.9 
Pleistocene sedhents.  36.4 
Pliocene-Ulocenc Sedimentary rock 29.6 
Eocene sed lnn ta r y  rock 41. I 

epldote Pyroxene 
32.5 0.1 
21.9 0.3 



Table 2-8. Averape miferal abundmas. L i t t o r a l  value8 a n  r w r a w  of th f i v e  data aet l .  

~ l t t o r  S q l e  Sites HHvy c l i m z '  c a p o r i t e  p l a ~ c 0 -  glaucophne 
Srrqle Sites and No.- Iaa r  quartz plag-tpr k-8p.r minerals apidota mimrals p a m t  phne t c h ~ r t  
Dana Pt-Srn Onofre Ck. 10-113 43.2 27.5 16.5 13.0 15.7 1 1.3 0.3 0.7 
h n a P t - k n O n o f r e C k .  3-04 34.4 11.0 11.6 15.2 21.6 7.2 1.7 0.3 0.5 
h n s  Pt-fan Onofre Ck. 11-04 9 . 2  21.8 13.6 11.1 2s.O 12.0 1 0.7 0.6 
hnrPt-SanOnofreCk.  4-86 55.9 13.0 11.5 20.5 13.3 14.8 6.0 0 .1  0.5 
Dana Pt-San Onofn Ck. 11-06 85.7 9.3 12.0 13.3 18.2 16.4 3.9 0.2 1.0 
5 . O n o f r e R . - D C w 0 r i & ~ b r . 1 0 - 8 3 4 3 . 7  29.7 9.7 lE.9 20.0 12.7 1 6  1.7 3.7 
5. Onofre Ck.-Occmsik IWr. 3-84 41.9 28.5 14.0 15.7 29.1 6.3 1.2 1.1 6.2 
5 .  Onofre Ck.-Ocunsik Hbr. 11-81 51.8 22.5 12.0 13.7 15.2 6.5 0.3 1.3 3.3 
5. Onofre Ck.-0cernsih Hbr. 4-86 63.0 4 . 5  11.2 11.4 19.0 12.4 0.6 0.3 3.6 
5. Onofre Ck.-Ocaansik tbr. 11-86 56.9 9.7 9.9 22.9 26.3 10.4 3.5 0.3 2.6 
D E e d n s r k H r b - L a J o l l a  10-BS 32.1 31.8 9.9 27.8 6.6 3.4 1.1 0.5 1.3 
Oceanside Hbr - La Jol>r  3-64 37.5 23.6 9.0 30.1 1 . 3  4.2 2.1 0.3 7.6 
Oceanside Hbr - La Jo l l r  11-84 44.0 31.6 7.6 17.0 7.2 2.8 0.5 0.5 1.1 
k m r n s i d r  Wbr - La Jalla 4-116 63.1 16.5 1.2 11.7 12.5 6.1 0.9 0.3 1.2 

horn- oplqw 
blendc grainr aphene 

23.3 25.0 2.9 
24.5 12.3 4.9 
37.3 7.1 5.4 
29.3 27.3 4.9 
39.3 12.5 4 .0 .  
28.0 13.5 3.2 
37.9 3.4 3.3 
46.1 2.2 1.0 
47.6 5.0 1.9 
26.2 18.5 9.5 
61.9 11.6 1.6 
58.5 9.7 2.5 
48.8 4.1 1.1 
57.9 5 .1  3.2 - - - - . . - . - - . .- . 

Oceansib llbr 
MIrslon Baaeh 
Mlssion beach 
Mission Beach 
Missron Beach 
Mission Baach 
Sllver Strand 
Si lver  Strand 
Silver Strand 
Si lver  Strand 
Sllver Strand 

- - - - . . - - - - l a  Jo l la  11-86 
10-83 
3-04 

11-84 
4-86 

11-86 

n u v l a l  r u g l e t  from 
l l v e r  channel 
14s Florer Creek 
Santr Margari tr Creek 
fan LUIS Rey Creek 

Wary c l i n o z ' c ~ r i t a  glauco- glaucophnr 
quartz plag-spr k-spar n lnera l t  epidotm mlneral r p4m.t phne  Schist 

27 40 21 12 
20 43 8 29 
I 8  40 7 35 

horn- o w w  
blendc grains s p h m  

5 

Fluvial I-la* fran M ~ V V  c l inoz '  t ~ l l t ~  91auco- 91 ~YCODIYW horn- opaqvr 
blenck grains 1- 
40.7 12.7 7.3 

33 2 2.7 

- -  - - 
River muths 
08-1890 San Juan Crwk 
50-1592 Sm Hateo Creek 
SO-1570 Sm Onofre Creek 
PN-1262 Las Floret C r n k  
PN-1140 Santa Margarlta Creek 
0s-1060 San Luis Rey Creek 
SO-635 3. E l i j c  Lagwn 
W-580 S. Oieguto Creek 
TP-532 Penarqultos Creak 
08-260 San Olego River 
55-001) TI~uans l t v e r  

quartz 
51.5 
56.7 

plag-spr 
13.6 
12.1 

*pi dote 
16 
14 

17.7 
10.7 
1.3 
7.3 

t l l f f  Sample Sites 
San Onofre 
Cam Ptndletan 
Torrey Pi n o  

b a v y  c l incu'  cawosi tc  glauco- glaucopAne 
nuartt ~1.0-sot k-soar n lnera l t  eoldote n l n r a l r  aa rmt  dune schlr t  

horn- OMOW . . 
b l e n h  pralns rphne  

19.8 4.1 2.5 
25.1  2.4 2.7 
17.4 8.1 6.3 

magi- I*------ rat frapaants -------->I 
t i t c  *Cia- 5ed1- Offshore s q l c r  

f-ran Osborne k a v y  
(and o t k r s .  1986) q w r t z  plag-spr k-spar Mimrals apidote Pymxmc k q h i b o l r  Sphne Garnet 

Recent marine - Oceanside 13.1 4.8 2.4 33.2 32.5 0.1 0.6 0.0 
Recent u r i n e  - Occnside - La Jo - 25.D 2.3 3 . 2  24 21.9 0.3 0.2 0.1 0.2 
Recant w r r n e  - La Jan. 12.9 -3 .3  2 .5  20.3 19.3 - 0.2 -0 .2  
Recent u r i n e  - Mirsion 39.2 16.7 6 . 1  2.7 1.3 0.2 1 0.0 
Recent N~IM - Sl lver  Strand 8 .  10.9 4 21.9 21.2 0.2 0.5 
Flandrarn Ch. Seds. ' k e m s ~ d a  26.4 3.8 4.3 7 6 . 6  0.1 0 . 1  
Flandrrln Ch. 5eds - Mission 42.5 17.7 6.7 1.3 0.5 0.7 
Flandraln Ch. Scds- Si lver  Stran 40.6 14.1 5.5 5.6 4.9 0.1 0.5 

1114- Plutoinc .grphlc Wolwnlc s n t a r y  S t e l l  
- t i e  mckr mcks msks rocks f r a g a r n t s  

8.6 0.1 29.4 
1.3 - .. .0.4 0.6 26.6 
0.8 0.2 0.2 0.2 0.2 0.2 
0.2 18 0.1 3.6 

12.4 0.1 0.1 0.2 9.9 
0.2 11 0.2 0.1 0.3 31.5 

k r l n c  rock outcrpr 
Tcrt-Cret. La Jol la 31.1 10.8 10.1 3 .8  3.5 0.0 0 .0  
1er.-Creat. St l ve r  Strand 32.9 5 .  4 .9  6.4 5.6 0.1 0.6 
Plcistocem sediments. 36.4 18 4.9 4.3 1.6 0.3 2 0.3 
Pl iocene-Miam Sedimentary rocks 29.6 12.1 6 11 10.5 0.1 0 . 1  
Eocene r c d i m t a r y  rocks 41.1 11.5 6 2.3 ' 1.9 0.0 0.0 0.4 



Pleistocene through Miocene marine sedimentary rocks. Although no 
river bed samples were collected it appears likely that those 
Cenozoic rocks were the source of clinozoisite-epidote, composite 
minerals, opaque grains, and sphene. On the other hand, the 
hornblende that was found in littoral sediment samples is most 
abundant in the Silver Strand cell where it is as much as 100 percent 
more abundant as compared to the percentage within the Dana point to 
San Onofre shoreline. Hornblende is also the most abundant heavy 
mineral in the Oceanside to La Jolla coastal segment as well as the 
Mission beach cell. The regional maps in CCSTW 84-4 indicate that 
the major streams in those areas have down cut into granitic rock and 
older Cenozoic rocks, mainly Eocene, therefore it is assumed that 
those rocks would be the major source of hornblende. 

Oceanside ~ittoral Cell 

End of summer 1983 and end of winter 1984. 

Significant meteorologic or oceanographic events include a winter 
storm that occurred in March 1983 generating a wave height up to 23 
feet (chapter 9, table 9-8).  

~ a n a  point to San Mateo Creek. 

Major source: Fluvial, San Mateo creek. The high concentrations 
of plagioclase feldspar and low concentration of quartz indicate that 
the major source was fluvial. The high concentration of composite 
particles, 45 percent in San Mateo and low concentration in San Juan 
along with the presence of glaucophane and glaucophane schist in both 
the San Mateo and San Onofre and not in the San Juan creeks 

indicates that the San Mateo creek was the major source of sediment. 

San Mateo Creek to Oceanside Harbor. 

Major source: Fluvial, Santa Margarita river that is evidenced by 
large, 28 percent, of plagioclase feldspar compared to quartz, 42 
percent. Secondary source: Cliffs, especially the San Onofre cliffs, 
based on a large concentration of clinozoisite-epidote, 20 to 30, 
percent of all the heavy minerals. 

3ceanside Harbor to La Jolla. 

Major source: Fluvial, San Luis Rey river, relatively large 
percentage of plagi.oclase feldspar and small concentration of quartz. 
Furthermore, clinozoisite-epidote is more abundant in coastal 
streams, 7 to 20'percent, than Torrey Pines cliffs which average 10 
percent. 

End of summer 1984 through end of winter 1985. 

Significant meteorologic or oceanographic events include a severe 
winter storm, on December 1985, with wave heights to 21 feet (chapter 
9, table 9-8) . 



Dana Point to San Mateo creek. 

Major source: Marine, littoral, minor source: Fluvial, San Mateo 
and San Juan creeks. The high concentration of quartz, 53 to 55 
percent and a lower concentration of plagioclase feldspar, 13 to 22 
percent, indicate both marine and fluvial input into the littoral 
zone. However the greater amount of quartz indicates that the 
littoral zone input, most likely from the downcoast beach which had 
similar concentrations of quartz and plagioclase feldspar, was 
dominant. The presence of glaucophane and glaucophane schist 
indicate that the San Mateo and San Onofre creeks were the main 
source for the fluvial sediment. 

San Mateo creek to Oceanside Harbor. 

Major source: Marine, littoral. Like the preceding two coastal 
segments,, there is almost a 50 percent increase in the amount of 
quartz in the end of summer 1984-end of winter 1985 sample sets than. 
the preceding end of summer 1983-end of winter 1984 samples., This 
indicates that the March 1983 storm caused the area's streams to 
input a greater amount of fluvial sediment into the littoral zone 
than the April 1986 storm. 

Oceanside Harbor to La Jolla. 

Major source: Marine, offshore (end of summer 1984) and marine, 
littoral (end of winter 1985). The relatively high concentration, 
23 percent, of plagioclase feldspar along with the relatively small, 
41 percent, concentration of quartz indicate a fluvial source. The 
fluvial sediment would have been originally deposited in the littoral 
zone and carried offshore during the winter of 1983-84 but, during 
the summer 1984, it moved back onshore. 

End of winter 1986. 

There were no significant meteorologic or oceanographic events 
during this time period, see chapter 9 ,  table 9-8. 

Dana ~ o i n t  to San Mateo creek. 

Major source : Littoral. The high concentration, 66 percent, of 
quartz and a very concentration, 9 percent, of plagioclase feldspar 
indicate that the littoral zone, with a similarly high concentration 
of quartz and a low concentration of plagioclase feldspar was the 
source. 

San Mateo creek to Oceanside Harbor. 

Major source: Littoral. Quartz is very abundant, 65 percent, and 
that along with the very low concentration, 10 percent, of 
plagioclase feldspar indicate a littoral source. 



Oceanside Harbor to La Jolla. 

Major source: Littoral. Same high concentration, 71 percent, of 
quartz and low abundance, 7 percent, of plagioclase feldspar indicate 
a littoral source. 

Mission Beach Littoral Cell 

Significant meteorologic or oceanographic events include a winter 
storm that occurred in March 1983 generating waves up to 23 feet 
high. A second storm occurred on 3 December 1985 which generated 
storm waves 22 feet high, see chapter 9, table 9-8. 

Summer 1983 through summer 1984. 

Major source: Fluvial, the San Diego river was the main source 
in the Mission Beach cell. The relatively large amount, 24 to 33 
percent, of plagioclase feldspar along with 43 to 49 percent quartz 
indicate that the major source of sand was from the San Diego river. 

Winter 1985 and summer 1986. 

Major source: Marine, littoral. These data are distinct from the 
summer of 1983 to the summer of 1984(?) data because there is an 
almost 100 percent increase of quartz from about 20 or 40 percent to 
65 or 70 percent and a corresponding decrease of plagioclase feldspar 
from 24 to 33 percent to about 14 to 4 percent. 

Silver Strand Littoral Cell 

Significant meteorologic or oceanographic events include a winter 
storm that occurred in March 1983 that generating waves with a 
height of up to 23 feet. A second storm occurred on 3 December 1985 
which generated storm waves up to 22 feet high, see chapter 9, table 
9-8. 

Summer 1983 through summer 1984. 

Major source: Fluvial, the Tijuana river was the main source of 
sediment in the Silver Strand cell. The relatively large amount, 24 
to 45 percent, of plagioclase feldspar compared with 24 to 43 percent 
quartz indicate that the major source of sand was from a fluvial 
source, the Tijuana river. 

Winter 1985 and summer 1986. 

Major source: Marine, littoral zone. These data are distinct from 
the summer of 1983 to the summer of 1984 (? )  data because there is 
an almost 100 percent increase of quartz from 20 to 40 percent to 
65 to 70 percent and a corresponding decrease of plagioclase feldspar 
from 24 to 33 percent to 14 to 4 percent. 



2.5.2 ÿ rain Shape. 

Oceanside Littoral Cell 

There are five potential sources of sand sized sediment on beaches 
within these cells. Those sources and the relative percent of 
sediment they supply include littoral zone, upcoast and downcoast, 
42 percent; cliff, 9 percent; river, 25 percent, and nearshore shelf, 
24 percent. Since these percentage figures represent average 
contributions for the entire cell, it is worth noting that some 
segments of the Oceanside Cell do not have cliff that which impacts 
the average for the entire cell. In other sections of the cell, for 
example up and downcoast of Oceanside Harbor, a barrier interrupts 
the littoral transport of sand from one section of beach to another. 

Mission Bay Littoral Cell 

Fourier analysis indicates that there are two major sources of 
sand on both Mission Beach and on Pacific Beach. Almost 70 percent 
of the beach sediment comes from the adjacent off shore she1 f, and 
the remaining 30 percent comes from the San Diego river. 

Silver Strand Littoral Cell 

Fourier analysis indicates that there are four sources of beach 
sand for this cell. The largest source is the Tijuana river which 
supplies about 40 percent of the sand to the beach. The next largest 
contributor is the littoral zone downcoast of the Tijuana River which 
contributes about 4 0 percent. contributions of sandy material from 
the clif is at the USA-Mexico border and the offshore shelf amount to 
about 10 percent each. 

2.6 POTENTIAL BOrZROW SITES. 

2.6.1 Introduction. 

The material contained in this section and shown on plate 2-2 
indicates the ' general distribution of potential borrow sites for 
beach nourishment. The data are meant to be used as a guide'in the 
formulation of an exploration plan to locate potential borrow sites 
for beach nourishment projects. The exploration,is necessary because 
the onshore borrow sites ,were proposed more than 20 years ago and 
from that time to the present, some sites may not be available. 
Offshore sites should also be investigated before use as existing. 
data on them are limited. 

2.6.2 Onshore Borrow sites. 

Department of Navigation and Ocean Development (DNOD , 1977) 
indicates that deposits in the San Diego region as potential borrow 
sites for beach nourishment pro] ects include: river alluvium, sand 
dunes, and marine terrace sediments. The DNOD report also indicates 
that onshore borrow sites should be evaluated on the basis of: 



1) containing sands that have the proper grain size. 

2) an adequate quantity. 

3) the site should be located within an economical hauling 
distance to the placement site. 

Since the original DNOD report was written in the early 1960's 
the information on'potential borrow sites within any area should be 
verified early in any beach nourishment study. Considerable changes 
in land availability, access and government regulations have taken 
place since the 1960's. Since the original DNOD report did not 
indicate how the estimated volumes for each potential sites were 
established, the data shown below should be used for guidance only. 

Table 2-9. potential Onshore Borrow Sites, Oceanside Cell. 

Site 
No. Location 
0-1 San Clemente 
0-2 San Onofre 
0-3 Santa Margarita 
0-4 San Luis Rey 
0-5 San Marcos 
0-6 S., Dieguito , 

0-7 Del Mar 

Type of 
De~0Sit 
terrace 
river 
river 
river 
terrace 
terrace 
river 

Classification 
of sand 
coarse to medium 
coarse 
fine 
medium 
sandy gravel 
fine 
fine-medium 

Estimated Vol. 
in cubic vards 
5,800,000 
29,000,000 
34,800,000 
2,800,000 
46,500,000 
34,800,000 
61,000,000 

- Table 2-10. Potential Onshore Borrow sites, Mission Beach 
Cell. 

Site Type of Classification Estimated Vol . 
No. Location De osit 
M-1 San Diego river Coarse 2,800,000 
Table 2-11. Potential Onshore Borrow Sites, Silver Strand 

Cell. 

Sitg TYPe of Classification Estimated Vol. 
No. Lacation . Deposit of Sand in cubic vards 
S-l Sweetwater river coarse 500,000 
S-2 Tijuana river fine 1,800,000 

2.6.3 Offshore Shelf Borrow sites. 

Osborne (and others, 1983) describes eleven potential offshore 
borrow sites along the San Diego region coastline, see plate 2-2. 
The data Osboxne used was developed from subbottom marine geophysical 
surveys and descriptive logs and samples from vibracores drilled at 
11 sites. The sediment samples from the vibracores were tested for 
grain size and for mineralogic content. Osborne also indicates that 
an earlier investigation, prepared by Fischer (and others, 1982), 
states that no potential borrow sites exist in the Dana Point area. 
Osborne states that the following criteria were used to identify 
potential borrow sites: 

1) A deposit must occur in water depths not exceeding 90 feet. 
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2 )  The landward edge is the approximate limit of the surf zone 
or about 18 feet of water. 

3) A deposit should not be covered by more than 3 feet of 
fine-grained sediment. 

4) A deposit must be capable of yielding considerable sand- 
and/or gravel-sized material with little fines. 

5) The deposit must not be too indurated for dredging. 

The Osborne (and others, 1983) report lists the following data on 
potential offshore borrow sites: 

Table 2-12. Potential Offshore Borrow Sites, Oceanside 
Cell. 

Site Average  rain Estimated Vol . 
No. Locat ion Size (mml in cubic yards 
SD-1 North of Oceanside not sampled 32,600,000 
S D - 2  South of 0ceansi.de 0.3 27,100,000 
SD-3 Near Batiquitos Lagoon 0.15 16,500,000 
SD-4 Near San Elijo Lagoon not sampled 12,400,000 
SD-5 S. Dieguito Valley not sampled 10,300,000 
SD-6 Soledad Valley not sampled 2,900,000 
S D - 7  South Torrey Pines not sampled 3,100,000 
SD-8 La Jolla 0.3 5,000,000 

Table 2-13. potential Offshore Borrow sites, Mission Beach 
Cell. 

Site Average Grain Estimated Vol . 
No. Location size (mm) in cubic vards 
SD-9 Near Mission Beach 0.36 192,000,800 
Table 2-14. Potential Offshore Borrow sites, Silver Strand 

Cell. 
Site ~verage Grain Estimated Vol . 
No. Location size (mm) in cubic vards 

SD-10 Near Silver Strand 0.4 
SD-11 Near Imperial Beach 0.4 

2.7 CONCLUSIONS 

2.7.1 General. 

Several geotechnical observations documented during the CCSTW 
study have a significant impact on the analysis of the region's 
sediment budget. Geotechnical data, generated after the 1984 
geomorphic framework report, CCSTW 84-4, was published, provide new 
information on the sources of sediment, both natural and man- made, 
along with the effect that severe winter 'storms have on the supply 
of sand into the littoral zone. Other new information includes the 
identification as to which sections of coastal cliffs have 



experienced significant erosion along with an estimate of how much 
sand sized sediment each natural source has contributed to the 
littoral zone. 

Information available from the geopmorphic framework report 
indicates that among the four major mineral groups that make up the 
sand on the beach, quartz makes up 50 percent or more. On the other 
hand, the analyses of all of the samples collected at the end of 
summer and end of winter seasons clearly show that the feldspar 
minerals, plagioclase and potassium, comprise up to 60 percent of the 
sand. The data also show that after the March 1983 and up until the 
December 1985 storm, the sand on the beach was from fluvial, feldspar 
dominant, sources. After the December storm, the sand on all of the 
beaches was from a marine, quartz rich, littoral source. That 
suggests that a really severe storm can supply a significant amount 
of either fluvial or marine littoral sediment, to the beaches than 
less severe storm. Relatively less severe storms, then, normally 
supply only sediment from the littoral zone and the effects of a 
severe storm would supply more sediment than storms which have 
preceded it for as much as 2 to 4 years. 

Origins of littoral sediment were determined, based on- five sets 
of beach samples taken between 1983 and 1986 along with cliff, river 
and offshore samples which are listed in table 2-1. Table 2-1 also 
shows the oceanographic and meteorologic conditions existing during 
the season that the samples were collected. Based on fourier data, 
the estimated percentage contributions of sand from cliff, river, 
offshore and littoral sources within each littoral cell is: 

Table 2-15. Major sources of sediment for the San ~ i g e o  coastal 
region expressed in percent of total. 

Littoral 
Cell - zone offshore Cliffs Rivers 
Oceanside 40 30 10 20 
Mission Beach 0 75 

O5 
25 

Silver Strand 50 10 10 30 

2.7.2 .Littoral Zone and Nearshore Shelf. 

OCEAMSIDE CELL : 

Within the littoral zone of the Oceanside cell, there is 
ccnsiderable variation in grain size from 0.15 to 0.65mm on the 
beach. In general coarse grained beach sand is found north of 
Oceanside harbor whereas fine grained beach sand is found south of 
the harbor. 

Also within the littoral zone of the Oceanside cell, there are 
variations in the amounts of the major minerals that make up 
sediment and in their ,sources. Those changes indicate that before 

Coastal cliffs at and downcoast of the US-Mexican border. 
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the 1983 storms the major source of beach sand was the littoral zone, 
however; after the March 1983 storm the sand on the cellls beach was 
of fluvial origin. The fluvial nature of the sediment did not 
change until the end of winter 1984 storms when the beach sand came 
mainly from littoral source. Therefore, in 1983, the streams were 
the major source until the winter storm of December 1985 after which 
the main source was again the littoral zone. 

Isopach maps of this cell indicate that the thickness of Holocene 
littoral sediments are thin, from 15 to 30 feet thick. 

The presence of long, shore parallel "ridgesw of sediment in the 
cell, determined by analysis of cores from those ridges, indicate 
that ridges are built from occasional, very severe storms. 

Table 2-16 summarizes data on the percent of sand sized sediment 
that has been contributed to the Oceanside littoral cell from the 
offshore, major streams, adjacent littoral zone and from the cliffs. 
The Fourier grain shape data for the end of the winter 1985 and end 
of the 1986 summer seasons indicate, as did the mineralogic data, 
that the major source of littoral sediment for the major sections of 
the cell was either the adjacent littoral zone and/or the offshore 
shelf. 

MISSION BEACH CELL: 

The median grain size of beach samples collected from the Mission 
Beach littoral zone indicate that the end of winter beach is more 
coarse grained sand, 0.2 to 0.45mm than the end of summer beach, 0. 
18 to 0.22m.m. 

The changes in mineralogy between winter and summer are similar 
to the storm related changes in source areas noted in the Oceanside 
cell, except that the effects of the December 1985 storm were not 
evident until April 1986. 

The offshore isopach map for this cell indicates that the Holocene 
fill in the ancient river channel of the San Diego river is 120 to 
135 feet thick. 

The of-fshore shelf is a significant source of sand for the 
littoral zone, see table 2-17. 

SILVER STRAND CELL: 

The Silver Strand cell has approximately the same sized sand as 
the other two littoral cells, and like them the median grain size, 
0.25mm, for the winter season beach is more coarse grained than the 
summer season beach, 0.2mm. Some of the sand samples collected during 
the winter have median grain sizes of 0.30mm. 

Like the Mission beach cell, the variations in mineralogy between 
winter and summer beach samples are similar to the storm related 
variations noted in the Oceanside cell, except that the effects of 
the December 1985 storm were not evident until April 1986. 



Table 2-16. Percent of sand contributed from sources shown for the 0ceansi.de littoral cell. 
These data have been abstracted from CCSTWS report 90-1. The abbreviations are: W85, end of 
the winter 1985 season; S86, end of the summer 1986 season. 

Sesment 
Dana pt to San 
Onofre creek 

Season 
and 
Year 
W85 

Fourier Source ~ a t a ~  
for the Oceanside Littoral Cell 

in percent 
UP- Down- 
coast coast Cliff Fluvial Off shore 
0 40 - S. Mateo ck. : 28 20 

S. Juan ck : 12 

- - - - -  n o  d a t a  a v a i l a b l e - - - - - - - -  

San Onofre ck. 
to Oceanside 

harbor 

8 0 13 S. Margarita : 27 40 
S. Mateo Ck. : 13 

8 0 14 S. Margarita : 33 35 
S. Maeto Ck. : 11 

Oceanside 
harbor to 
La Jolla 

S. Luis Rey : 10 20 
S. Dieguitos : 10 

S. ~ u i s  Rey : 10 20 
S. Dieguitos : 10 

Fourier source data is only available for samples collected at the end of the winter 
1985 and at the end of the summer 1986. 



Table 2-17. Percent of sand contributed from sources shown for the Mission Beach and Silver 
Strand littoral cells. This data has been abstracted from CCSTWS report 90-1. The 
abbreviations are: W85, end of the winter 1985 season; S86, end of the summer 1986 season. 

Fourier Source ~ata' 
for the Mission Beach and Silver Strand 

' Fourier source data is only available for-samples collected at the end of the winter 1985 
and at the end of the summer 1986. 

Littoral 
Cell 
Mission Beach 

Silver Strand 

Season 
and 
Year 
W85 

S86 

W85 

S86 

Littoral Cells 
in percent 

UP- Down- 
coast coast Cliff Fluvial Off shore 
0 0 0 San Diego : 24 76 

- - - - - n o  d a t a  a v a i l a b l e - - - - - - - -  

0 40 10 Tijuana : 40 10 

- - - - -  n o  d a t a  a v a i l a b l e - - - - - - - -  



Approximately 80 percent of this cell Is littoral zone sediment 
comes from either the Tijuana river, .or from the adjacent downcoast 
littoral zone located in Mexico, see table 2-17. 

2.7.3 . Coastal Cliffs. 

Two areas along the San Diego county coastline have supplied a 
combined total of 20 million cubic yards of sand sized material to 
the Oceanside littoral zone through cliff erosion from 1887 to 1987. 
Those two areas are the San Onofre-Camp Pendleton cliffs and the 
Torrey pines cliffs. From 1889 to 1968 rainfall runoff was the major 
cause of cliff erosion. 

Cliff erosion is very site specific. 

In the San Onofse-Camp Pendleton cliffs, landslides and headward 
erosion of the gullies are the major cause of cliff erosion. 
Additional erosion has occurred during heavy rainfall. 

The estimated volume of sand sized material eroded from the cliffs 
and input into the adjacent littoral zone in the San Onofre-Camp 
Pendelton area from 1889 to 1968 is about 16 million cubic yards. 

In the Torrey pines cliffs, landslides are the major cause of 
cliff erosion. One landslide alone involved about 1.8 million cubic 
yards of sand, silt, and cobbles onto the beach. 

Cliff erosion involves wasting of hard Tertiary age sediments. 

Only three sections of the 70 miles of cliffed coastline are 
experiencing major erosion. Those sections are the San Onofre, Camp 
Pendletan, and Torrey pines cliffs. Erosion, that has been 
documented occurred randomly during the several storms over the past 
80 years. 

2 . 7 - 4  Coastal Stream Sediments. 

The rocks exposed in the hills and mountains in the San Diego 
region are hard, dense granite which do not readily break down to 
sand sized sediments. Most of the soils that cover the hills and 
mountains are thin and would not .be a significant source of sediment 
over a shart period. 

The rocks exposed in the coastal plain are more easily eroded than 
those in the foothills and mountains. 

The rivers and streams are a short term trap for littoral 
sediment. Those traps also become a source of littoral zone material 
when the rivers are "flushedw during a large storm. 

Texture analysis of Holocene soils indicate that the soils in the 
coastal plain have the greatest potential to produce sand-size 



sediment with a median diameter of 0.09 to 0.4 mm. 

All of the Tertiary and Quaternary sedimentary rocks and 
Quaternary terrace deposits, which are exposed over large areas in 
the region, consist of a wide range of sediment textures. 

The very high concentration of heavy minerals in the fluvial 
sediments originates from Pleistocene age beach deposits in the 
marine terraces. 

The streams upcoast of the Santa Margarita river supply coarse 
grained sediment, from 0.3 to 0.8mm; whereas the Santa Margarita and 
all of the streams downcoast supply finer grained sediment, 0.1 to 
0.2mm. 

2.7.5 Potential Borrow sites. 

The conclusions listed below are based on data in the State of the 
Coast report. 

Potential Onshore Borrow sites. Within all three littoral cells, 
approximately 190 million cubic yards of material from onshore 
sources may be available to nourish beaches. It is unknown whether 
any of that sediment would be suitable, in accordance with Corps of 
Engineers beach compatibility requirements, for placement on any 
specific beach. 

Potential Offshore Borrow sites. Approximately 680 million 
cubic yards of material could be extracted from offshore borrow 
sites. 



2.8 REFERENCES. 

Bowman, R.H., 1973, "soil Survey, San Diego Area, CaliforniaM. U.S. 
Dept. of ~gxiculture, Soi'l Conservation Service. Part 1, 104 
pps., and part 2, 118 pps., with map sheets 1 to 76. 

Brigham, E.O., 1974, The Fast Fourier Transformation, Englewood 
Cliffs, New Jersey, Prentice-Hall, Inc. pps 252. 

Carter, R.E., 1971, Procedures in Sedimentaw Petrolow, New York, 
Wiley Interscience, 653 pps. 

Crowell, J.C., 1960, 8f~ubmarine Canyons Bordering Central and 
Southern Californiaw..Jour. of Geolotw, Vol. 60, pps 58-83 

Darigo, N.J. and Osborne, R.H., 1986, "Quaternary Stratigraphy and 
Sedimentation of the Inner Continental Shelf, San Diego 
County, Calif orniat8 in 'IShelf Sands and Sandstonesw1, Knight, 
R.J. and McLean, J.R. (eds.), Canadian Society of Petroleum 
Geologists, Memoir 11, pps 73-98. 

Davis, J.C., 1973, t, New 
York, John ~ i l e y  and sons, 550 pps. 

Dept. of Navigation and Ocean Development (DNOD) , 1977 "Assessment 
and Atlas of Shoreline Erosion along the California Coasta1 
State of ~alifornia Sacramento, calif., 354 ps. 

Ehlig, P., 1977, "Geologic report on the area adjacent to the San 
Onofre Nuclear Generating Station, northwestern San Diego 
County, Californiaw Report for Southern California Edison Co., 
Rosemead, Calif., 40 pps. 

Ehrlich, R. , and Wenberg, B. ,, 1970, "An Exact Method for 
" Characterization of Gram Shape" Jour. of Sedimentary 
Petrolom , Vol. 40 pps 205-212. 

Emery, K. O., 1960, The Sea Off Southern -California, John Wiley 
and Sons, New York. 366 ps. 

Everts, C. I!. 1989, "Sediment Budget Report, Oceanside Littroal 
Cell1@ prepared by Mof f att and Nichol Engineers, for U. S. Army 
Corps of Engineers, Los Angeles District, Coast of 
California S t o r m  and Tidal Waves Study (CCSTWS) Report No. 
90-2, 112 pps with appendices. 

Fall, E. W., 1979, "Regional Geological HistoryM Appendix A in 
"Sediment Management for Southern California Mountains, 
Coastal Plains and Shoreline", Envirn. Qual. Lab., Calif. 
Inst. of Tech,, Draft EQL Report 16. 

Fischer, P.J., Webb, J.F. and Ticken, E.J., 1975, "Shelf Sediment 
Volumes, San Diego County, California" in 81Geologic 



Investigations of the Coastal Plain, San Diego County, 
california1I Abbott, P.L. and OIDunn, S. (editors). pps. 134- 
155. 

Fischer, P.J., Kreutzer, P.A., Morrison, L.R., Rudat, J., Ticken, 
E.J., Webb, J.M., Woods, M.M., Berry, R.W., Henry, M.J., 
Yoyt, D.H., and Young, M e ,  1982, "Quaternary shelf deposits 
(sand and gravel) of southern CalifosniaI1 Report prepared for 
Calif., Dept, of Boating and Waterways, by MESA2 Inc. , 
Chatsworth, Calif., 73 pps. 

Gastil, G : ,  and K. Higley, 1977, "Guide to San Diego Area 
Stratigraphy", Am. Assoc. Petroleum Geol, and Soc. of 
Exploration Geophysics (Petroleum Geol. and Soc. of 
Exploration ~eophysics (Petroleum Exploration School Field 
Trip), published by Edwin C. Allison Center, Dept. of 
Geological Sciences, San Diego State University, San Diego, 
Calif. 

Hertlein, L. G., and U. S. Grant (IV) , 19.36, The Geoloqy and 
Paleontoloav of the Marine Pliocene of San Dieao, California, 
Memoirs of the San Diego Society of Natural History, Vol. 11. 

Holmes, L. C., R. L. Pendleton, and M. H. ~apham, 1918, 
MReconnaissance Soil Survey of the San Diego Regi.on, 
Calif~rnia~~, U.S. Dept. of Agriculture, Bureau of Soils. 

Inman, D. C. and Frautschy, J, D., 1965, nlProcesses and the 
Developement of Shorelinesf1, in tlCoastal Engineeringw, A 
Specialty Conference, Santa Barbara. American Society of civil 
Engineers. pps. 511-536. 

Inman, D. C. and Brush, B. M., 197 3, "The Coastal Challenge1I, 
Science , Vol. 181, pps. 202-232. 

Jahns, R. H. , 1954, *gGeology of the Peninsular ~ a n g e  Province, 
Southern California and Ba ja Calif ornial1, in lVGeology of 
Southern Californiatt. California Div. of Mines and Geolosy 
Bull. 170, pps 29-52. - 

Jones, 8. F., 1959, "Geology of the San Luis Rey Quadrangle1I, 
~hesis (MS), University of California, Los Angeles. 
Joreskog, K.G., Klovan, J.E., and Repent, R.A. , 1976, 
Geolosical Factor Analvsis, New York, Elsevier Scentific 
Publishing Company, pps. 178. 

Kern, J. P., 1977, "Origin and History of Upper Pleistocene Marine 
Terraces, San Diego, Californiav1, Geol. Soc. of Amer . , Bull. 
vol. 88, pp. 1553-56. 

Lajoie, K. R., J. P. Kern, J. F. Wehmiller, G. L. Kennedy, S. A. 
Mathieson, A. M, Sarna-Wojcichi, R. F. Yerkes, and P. F. 
McCxary, 1979, "Quaternary Marine Shorelines and Crustal 
Deformation, San Diego to Santa Barbara, Californiam1, in 



ttGeological Excursions in the Southern California Areaw, by 
P. L. Abbott: San Diego State university, San ~iego, pp. 1-15. 

Meade, R. M., 1982, t8Sources, sinks, and Storage of River 
Sediments in the Atlantic Drainage of the United Statesw in 
@@Drainage of the United Statesn, Jour. of Geolow, vol. 90, 
no. 3, pp.235-52. 

Moffatt and Nichol Engineers, 1989, "Sediment Budget Report, 
Oceanside Littoral CellIv, U.S. Army Corps of Engineers, Los 
Angeles District, Coast of Califorina Storm and Tidal Waves 
Study (CCSTWS) Report No. 89-7. 

Moffatt and Nichol Engineers, 1988, "Sediment Budget Report, 
Mission Bay Littoral Cellw, U.S. Army Corps of Engineers, Los 
Angeles District, Coast of Califorina Storm and Tidal Waves 
Study (CCSTWS) Report No. 88-7. 

Moffatt and Nichol' Engineers, 1989, "Preliminary Sediment Budget 
Report, Silver Strand Littoral Cellnt, U.S. Army Corps of 
Engineers, Los  Angeles District, Coast of Califorina S t o r m  and 
Tidal Waves Study (CCSTWS) Report No. 87-3. 

Moyle, W. R., 1973, @'Geologic Map of Western Part of Camp 
Pendleton, Southern ~alifornia@@, A. Ross, and R. J. Bowlen, 
eds., 1971, @@Studies in the Geology of Camp Pendleton and 
Western San Diego County, ~alifornia~l, San Diego Assoc. of 
Geologists, San Diego, Calif. 

Mudie, P.J. and R. Byrne, 1980, "Pollen Evidence for Historic 
Sedimentation Rates in California Coastal Marshesp1, Estuarine 
andCoastal vol. 10, pp. 305-316. 

Osborne, R.H. and Pipkin, B., 1982, g@Geomorphologic and 
~edimentologic Analysis for oceanside Project: phase 11" R.H. 

- Osborne and Associates, Los  Angeles, ~alifornia. pps. G1-G82, 
30 figures, 1 plate. 

Osborne, R.H. , Nancy J. Darigo, and Robert C .  Scheideman, Jr. , 
1983, '@Potential Offshore Sand and Gravel Resources of the 
Inner Continental Shelf of Southern Californiaw Dep. of 
Boating and Waterways, State of Calif., Sacramento Calif., 
pps. 1-302, 31 tables, 69 figures. 

Osborne, R.H., 1985, "Littoral Zone Sediments San Diego Region, 
Dana Point to Mexican Border (October 1983 - June 1984) ". 
Coast of Calif. Storm and Tidal Waves Study, no. CCSTWS 
86-11, 50 pps., Appendixes A throght F, 4 tables. 

Osborne, R.H. and Kuhn, J., 1986, Letter Report Subject: 
Recommended Sample sites, Coastal Cliff Erosion, San Diego 
Region, 



Osborne, R.H. and Kuhn, J., 1987, tlProcesses, Locations and Rates 
of Coastal Cliff Erosion from 1947 To Present, Dana Point to 
the Mexican Border and The Stratigraphy of Contributing 
Coastal Cliffs and Bluffs at San Onofre, Camp Pendleton and 
Torrey Pinesw. Coast of Calif. S t o m  and Tidal Waves Study, 
CCSTW 87-2, 150 pps, 145 figs., 10 plates. 

Osborne, R.H. and Kuhn, J., 1988, ttProcesses, Locations and Rates 
of Coastal Cliff Erosion from 1887 to 1947, Dana Point t o  the 
Mexican Borderp1 Coast of Calif. Storm and Tidal Waves Study, 
CCSTW 88-8, 177 pps, 154 figs, 6 tables, 6 plates. 

Osborne, R.H. , Cho, K. H. , and Compton, E .A: , 1988, I1Sedimentologic 
Analysis of Beach and Nearshore Vibracore Samples in an 
~ggradational Area Offshore of oceanside, California*' Los 
Angeles District, U.S. Army Corps of Engineers (contract 
report) Monitoring Program, Oceanside Experimental Sand 
Bypassing System, Oceanside Experimental Sand Bypass 
publication OESBP 89-1, 99 pps, 3 table, 31 figures. 

Ritter, J. R., 1972, "Cyclic Sedimentation in Agua Hedionda Lagoon, 
Southern Californiab1, Amer. Soc. civil Engrs., Proc. Jour, of 
Harbors and Coastal Enar., vol. 98 (WW 4) pp. 595-602. 

Scott, D. B.,, 1970, "Benthonic Formaninif era of Three Southern 
Calif ornla Lagoons, Ecology and Holocene stratigxaphy81, Jour. 
of Foraminifera1 Research, vol. 6 ,  no. 1, pp. 59-75, 

Shaw, M. J. 1981, "Artif ical Sediment Transport and Structures in 
Coastal Southern Californiatt, Scirpps Inst. of Oceanography, 
Sf0 reference No. 80-41, pps 22 -24, 1 figure. 

Slater, R, A., 1987, !'Isopach Map of Post-wisconsin Sediment 
Thicknessv, in "Outer Continental Shelf Archaeological 
Resources Study from Morro Bay to the Mexican Bordermm, PS 
Associates, 1989, Cardiff, California. Scale 1:125,000. 

State of California, Department of Water Resources, 1967, "Ground 
Water Occurrence and Quality, San Diego Regionm1, two Vols. 

State of calif ornia, Department of Water Resources, Southern 
District, 1977, ''Study of Beach Nourishment Along the 
Southern California Coastlinew, 150 pps, 10 tables, 14 
figures, 11 plates. 

Tekmarine , 1988, "Sand Thickness Survey Report October-November 
19871t. Coast of California Storm and Tidal Waves Study, no. 
88-5. 21 pps, 6 figures, 2 plates. 

Walper, J. 1. , 1976, llPlate Tectonics and Earthquake Assessment". 
in "State of the Art for Assessing Earthquake Hazards in the - 
United Statesw Report 5 - Miscellaneous Papers 5-73-1, U.S. 
Army Engineer Waterways Experiment Station, Vicksburg, 
Mississippi. pps. 1-104, 26 figures. 



Weber, F .  H . ,  1963,  "Geology and Mineral Resources of San Diego 
County, cal i forniaV1,  Cal i f .  Div. of  Mines and Geology, County 
Report, 309 p.. 

Welday, E . E .  and Williams, J.W., 1975, "Offshore Sur f i c ia l  Geology 
of  CaliforniaBB Map Sheet 26 ,  California Div. o f  Mines and 
Geology, Sacramento California, Scale  1:500,OOO. 

Wood, S. H .  and M .  R .  E l l i o t ,  1979, "Early 20th - Century Upl i f t  
of the Northern Peninsular Ranges Province of Southern 
Californiaw ~ e c t o n o ~ h c s ~ c s ,  vo l .  52 ,  pp. 249-65. 



-- SCALE IN MILES 

E X P L A N A T I O N  

N O T E S :  

1. THIS MAP WAS ADAPTED FROM W A Y .  E. E. AND WIUIANS. J.W. (1975. '0fFWORE S U R f l U U  CEDLaCY OF 

CALIFORNIA'. MAP SHEET 26. SCALE 1:SOO.OW). 

2. WEU)AY AND WILLIAMS H A M  INDICATED THAT MAP WEET 26 WAS COL'PILED WlTH DATA OBTAINED BY 

'DIFFERENT KINDS OF PERSONNEL SWE UNSKIUD. OTHERS HIGHLY ;RAINED: 

3. W A Y  AND WIUIAMS ALSO INDICATE THAT SOME SURFACE SAMPLES UAY NOT REPRESENT QUATERNARY SEDIMENTS 

Q 
g 

Unconsolidated Sediment Rock Units 

P) 
C 
P) 
0 

Gravel 0 .- 

.$ [ " P) {rn Sedimentary Rocks 

Coarse Sand 
C 
P) 
0 

C 
0 .- 

L 
0) 

I 
Smd, medium or not defined t P) {rn Sedimentary Racks 

0 
Mud. includes all mixtures of silt and clay 

0 

Muddy sand (mud < sand) 

Fine sand o Sedimentary Rocks 
C 

e 
U b 

Sandy mud (sand < mud) . 
Undifferentiated Tertiary and Pre-Tertiary rock 

,a' 

COAST ff CALIFORNIA STORM AND TIDAL WAMS S'RIDY 

DANA POINT TO MEMCAN BORDER 

OFFSHORE SURFlClAL GEOLOGY 

OCEANSIDE MlSSlON UnORAL BEACH CELLS AN0 SILVER SlRANO 

U. S. ARMY CORPS OF ENGINEERS 

LOS ANCUES DlSlRlCT 
- -- 



- 
I I V A L U E  ENGINEERING P A Y S  I 

, 

2 Meter isopack. 
2, - 

E X P L A N A T I O N  

--- Fault. 

3 Limits of steep seafloor channel or canyon. 

,----. 150 Meter bathyemetric contours. 

- Existing on-shoredrainages. 

W@ 
Lagoon, estuary, or marshland. 

zi&d42H' SCALE IN MILES 

Barrow area dealgnatlon (oft-. Osbome and 0th- 198S). 

...... Rock outcrop, hard "groundn with less that 1 rneter 
( 3 feet) of overlying Recent sediment 

Offshore potential borrow area. 

c>- 
' Borrow area designation (after Osborne and others, 1983). 

@ On shore potential borrow area (after DNOD, 1977) which 
are designated with the following letter number combinations. 

0 2 Oceanside cell, site 2. 

M 1 Mission Beach cell, site 1. 

S 2 Silver Strand Cell, site 2. 

NOTES: 

1. THIS MAP WAS ADAPTED FROM "CALIFORNIA OUTER CONTINENTAL SHELF ARCHAEOLOGICAL RESOURCE STUDY FROM 
MORRO BAY TO THE MEXICAN BORDERn FOR THE U.S. DEPARTMENT OF INTERIOR, MINERALS MANAGEMENT SERVICE. I 
2. THE ORIGINAL MAP WAS PREPARED BY R.A. SLATER FOR ?S ASSOCIATES. CARDIFF CALIFORNIA ON A TRANSVERSE 
MERCATOR PROJECTION AT A SCALE OF 1 :125,000. 

3. THE POTENTIAL BORROINAREASARE ADAPTED FROM OSBORNE, DARIGO, AND SCHEIDEMANN (1983). 

I COAST OF CALIFORNIA STORY AND TIDAL WAVES STUDY I 
I DANA POINT TO MEXICAN BORDER I 

ISOPACH MAP OF RECENT SEDIMENT 
AND 

POTENTIAL BORROW AREAS 

OCEANSIDE MISSION BEACH AND SILVER STRAND 

LITTORAL CELLS 

U. S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 

C A  ~ K T V  D A V ~  



COAST OF CALIFORNIA STORM AND TIDAL WAVES STUDY 
SAN DIEGO REGION 

"STATE OF THE COAST" REPORT 

CHAPTER 3 
HISTORIC SHORELINE AND PROFILE CHANGES 





TABLE OF CONTENTS 
Item . Pase 

3.1 INTRODUCTION ......................................... 3-1 

................................. 3.1.1 Objectives 3-1 
3.1.2 The Study Area ............................. 3-2 

........................... 3.2 DESCRIPTION OF DATA SOURCES 3-2 

......................... 3.2.1 COE Beach Profiles 3-2 ...................... 3.2.2 Shoreline Change Maps 3-3 ......................... 3.2.3 Aerial Photographs 3-3 

3.3 DATA ANALYSIS ....................................,... 3-9 

3.3.1 Scope. Data Reduction and 
Presentation ............................... 

3.3.2 Shoreline Movements ........................ 
3.3.3 Nearshore Profiles Changes .................. 
3.3.4 Sand Volume Changes ........................ 
3.3.5 Impact of the January 1988 Storm ........... 
3.3.6 Beach Width Changes ........................ 
3.3.7 Future Shoreline Predictions ............... 

3.4 SUMMARY AND CONCLUSIONS ......... ..............-... 
3.4.1 Shoreline Movements ........................ 
3.4.2 Sediment Volume Changes .................... 
3.4.3 Impact of the January. 1988 Storm .......... 
3.4.4 Potential Problem Areas .................... 

3 . 5  REFERENCES ........................................... 3-73 



LIST OF FIGURES 

Fiaure No. Paae 

3-1 Profile Locations in Oceanside Cell .................. 
3-2 Profile Locations in Mission Bay and 

Silver Strand Cells .................................. 
Volume Change- Computation Concept 

3-4a Shoreline Rate of Movement 
for Silver Strand Cell ............................. 

3-4b Maximum Seasonal Shoreline and Volume ....................... Changes for Silver Strand Cell 

3-5a Shoreline Rate of Movement ................................. for ~ission Bay Cell 

3-5b Maximum Seasonal Shoreline and Volume 
Changes for Mission Bay Cell ......................... 

3-6a Shoreline Rate of Movement 
for Oceanside Cell ................................... 

3-6b Maximum Seasonal Shoreline and Volume 
Changes for Oceanside Cell ........................... - - 

3-7 Beach Face and Nearshore Slopes 
for San Diego Region ................................. 

3-8 Volume and Shoreline Correlation 
for Silver Strand Cell .............................. 

3-9 Volume and Shoreline Correlation 
for Mission Bay Cell ................................. 

3-10 Volume and Shoreline Correlation 
for Oceanside Cell ................................... 

3-11 Volume and Shoreline Correlation 
for Oceanside, Sub-reach 1 ............................ 

3-12 Volume and Shoreline Correlation 
for Oceanside, Sub-reach 2 .......................... 

3-13 Volume and Shoreline Correlation 
for Oceanside, Sub-reach 3 ........................... 



LIST OF FIGURES (Continued) 

Ficrure No . P a s e  

3-14 Volume and Shoreline Correlation ........................... for Oceanside. Sub-reach 4 3-37 

3-15 Volume and Shoreline Correlation 
for Oceanside. Sub-reach 5 .......................... 3-38 

3-16 Volume and Shoreline correlation ........................... for oceanside. Sub-reach 6 3-39 

3-17 Maximum Volume and Shoreline Correlation 
for Silver Strand Cell ................................ 3-40 

3-18 Maximum Volume and Shoreline Correla2tion 
for Mission Bay Cell . '. ............................... 3-41 

Maximum Volume and Shoreline Correlation ................................... for Oceanside Cell 

Maximum Volume and Shoreline Correlation 
for Oceanside. Sub-reach 1 ........................... 
~aximug Volume and Shoreline Correlation 
for Oceanside. Sub-reach 2 ........................... 
Maximum Volume and shoreline Correlation 
for Oceanside. Sub-reach 3 ........................... 
Maximum Volume and Shoreline Correlation 
for Oceanside. Sub-reach 4 ........................... 
Maximum Volume and Shoreline Correlation 
for Oceanside. Sub-reach 5 ........................... 
Maximum Volume and Shoreline Correlation 
for Oceanside. Sub-reach 6 ........................... 
The January 1988 Wave Height Characteristics ......... 

3-27a January 1988 Storm . Relative Volume 
Change vs Distance Along Shoreline ................... 3-54 

3-27b January 1988 Storm . Relative Shoreline 
Position vs Distance Along Shoreline ................. 3-55  

............ 3-28 Beach Width for oceanside Cell. 1983-1988 3-58 

3-29 Beach Width for Mission Bay Cell. 1983-1988 .......... 3-59 

3-30 Beach Width for Silver Strand Cell. 1983-1988 ........ 3-60 



LIST OF FIGURES (Continued) 

Fiaure No. 

3-31 2010 Predicted MHHW Shoreline position, Oceanside - - - - - -  3-64 
3-32 2010 Predicted MHHW Shoreline position, Mission Bay----03-65 

3-33 2010 Predicted MHHW Shoreline position, Silverstrand---- 3-66 



LIST OF TABLES 

Table No. Paae 

3-1 Beach Profiles Used in the Analysis .................. 3-6.7 

3-2 Aerial Photographs Used in the Analysis .............. 3-8 

3-3 Rate of Shoreline Movements, 
Silver Strand Cell ................................... 3-16 

3-4 Rate of Shoreline Movements, 
Mission Bay Cell ..................................... 3-20 

3-5 Rate of Shoreline Movements, 
Oceanside Cell ....................................... 3-25 

3-6 Summary of Volume Change/Shoreline 
Movement Analysis (all cells and sub-reaches) . . . . . . . . 3-4'9 

3-7 The January 1988 Storm Impact ........................ 3-56 

3-8 Predicted Shoreline Position Changes 
by the Year 2010 ..................................... 3-63 





CHAPTER 3 

HISTORIC SHORELINE AND PROFILE CHANGES 

3.1 INTRODUCTION 

3.1.1 Objectives 

Shoreline position and sediment volume changes in the littoral 
zone between Dana Point and the U.S. - Mexican Border are described 
in this chapter. Changes in shoreline position and sediment volume 
are presented in the form of historical shoreline positions, volume 
changes, and beach width graphs. Trends in shoreline position a n d  
volume changes, indicating whether the coast has been accreting or 
eroding over time are presented in the form of shoreline and volume 
change rates that quantitatively show. the degree of coastal 
processes activities. 

A chronology of man-made and oth'er events which have 
significantly effected shoreline movements within the oceanside, 
Mission Bay and Silver Strand littoral cells are presented in 
Appendix A. 

The main objectives of this chapter are: 

(a) Quantify the magnitude of the historic beach movements on 
a long-term and seasonal basis. This type of 
information is required for the planning and design of 
beach improvement projects; the functional design of 
protective structures such as groins, revetments and 
jetties; and estimating the extent of the vertical scour 
for proper planning of nearshore structures such as ocean 
outfalls and intake structures. 

(b) Establish the trends and rates of shoreline migration 
over short and long time intervals. This is needed in 
the planning and design of coastal deyelopments, 
assessing the impact of existing developments on 
shoreline evolution and projection of future trends of 
shoreline movements. 

(c) Assess and quantify the sediment volume changes in the 
breaker zone and the nearshore area (to water depth of 
approximately 30 ft) . This is needed for sediment budget 
studies and potential beach-fill designs. 



3.1.2 The Study Area 

This study divides the shoreline between Dana Point and the 
Mexican Border into 3 littoral cells. The Oceanside littoral cell 
runs from Dana Point to Point La Jolla. This cell is divided into 
6 subreaches. These subreaches are; La Jolla- Del Mar; Encinitas- 
Leucadia; Carlsbad; Oceanside; Camp Pendleton and San Mateo- Dana 
Point Subreaches (see Figure 3-1). Figure 3-1 presents the 
Oceanside littoral cell and subcells. The Mission Bay littoral 
cell, presented in Figure 3-2 , runs from Point La Jolla to Point 
Loma. The Silver Strand littoral cells runs from Point Loma to the 
Mexican Border, as also shown on Figure 3-2. These figures also 
show the Corps of Engineers profile locations within the littoral 
cells. 

The Oceanside littoral cell covers approximately 51 miles of 
coastline. The main features of the Oceanside Cell are; Dana Point 
Harbor, constructed in 1969, the Oceanside Harbor constructed in 
1942 and the Agua Hedionda Lagoon and its cooling water intake and 
discharge systems. The Mission Bay littoral cell stretches along 
approximately 14 miles of coastline and features the ~ission Bay 
entrance jetties with Pacific and Mission Beaches to the north and 
Ocean Beach to the south. The Silver Strand littoral cell is 
approximately 13.5 miles long and features the Zuniga Jetty, 
completed in 1905, at its north end and the groins on Imperial 
Beach at its south end. 

3.2 DESCRIPTION OF DATA SOURCES 
- 

Three sets of data were used to quantitatively establish 
shoreline and volume change,rates: 1) beach profiles, 2) shoreline 
change maps, and 3) shoreline position taken from aerial 
photographs. 

3-2.1- Beach Profiles 

Beach profiles were obtained from surveys taken by the Los 
Angeles District over time at selected locations in each of the 
three littoral cells. The profiles consist of distance and depth 
measurements that start at a bench mark (located onshore) and 
extends across the.beach and breaker zone to depths typically 30 to 
50 feet below MLLW, Since a common benchmark is used for each 
survey, direct comparison of bottom changes between surveys can be 
made to determine changer in shoreline position and sediment 
volume. 

The earliest profiles available were taken in 1934 at a few 
locations near San Clemente and Del Mar. From 1934 to 1983, 
profiles were taken by the Corps of Engineers (COE) at varying time 
intervals. Profiles bench marks were sometimes moved, making 
corrections necessary in order to compare surveys. At the start of 



the CCSTWS program, fixed bench marks were established from which 
periodic measurements were taken. Scripps Institution of 
Oceanography undertook the profile measurements on a semi-yearly 
basis from 1983 to 1985, after which time CCSTWS continued the 
semi-yearly measurements to November, 1989. A list of available 
profiles is contained in Table 3-1. Locations of the profile lines 
in the Oceanside littoral cell are shown in Figure 3-1 and in the 
Mission Bay and Silver Strand littoral cells in Figure 3-2. 

Corps of Engineers surveys used standard leveling methods to 
establish the profile to a wading depth at low tide. A fathometer 
was used to extend the profile to depths of 30 to 50 feet MUW. 
The distance from shore was established by triangulation and 
horizontal accuracy was probably A20 feet in deep water. Depths 
obtained using a fathometer were probably accurate to f0.75 feet. 
Errors are introduced because the speed of sound in water varies 
with temperature, salinity and the concentration of suspended 
material in the water column. Other errors result because the 
fathometer is fastened to a floating platform that rises and falls 
with respect to the bottom. Survey errors on the landward part of 
the profile are usually much less, probably k0.1 foot vertical and 
f2 foot horizontal. 

3.2.2 Shoreline Change Maps 

A joint program by the Corps of Engineers and the National 
Oceanic and Atmospheric Administration (NOAA) provided maps with 
historical shoreline positions. The area covered extends from San 
Pedro Bay, near Long Beach, to the Mexican Border. The position of 
the shoreline, defined as the Mean High Water (MHW) line, was 
derived from shoreline topographic surveys made in 1851, 1888, 
1916, 1934 and 1960. Shoreline positions in 1972 and 1982 were 
established using aerial photographs. The data is displayed on 
fifteen maps, each with color-coded shoreline positions. The maps 
are at a scale of 1:24,000, which is the same as the scale used by 
the U. S.G.S. for the 7.5 minute map series. This set of data is 
referred to in this chapter as the National Oceanographic Survey 
(NOS) maps. 

3.2.3 Aerial Photographs 

Vertical photographs of the coastline were also used in the 
assessment of shoreline positions. The USCOE LAD photograph 
collection and aerial photographs held in the Fairchild Aerial 
Photograph Collection, Department of Geology, Whittier College, 
whittier, California comprised the basic data source. Prior to 
1983, photographs were typically black and white at scales ranging 
from 1:12,000 to 1:36,000. Intervals of several years were common 
between successive flights. After 1983, color photographs taken at 
a scale of 1:12,000 for the CCSTWS on a semi-annual basis provided 
a continuous coverage of the three littoral cells. Table 3-2 
contains the dates and coverage of photographs used in the 
analysis. 
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TABLE 3-1 

Beach P r o f i l e s  Used i n  A n a l y s i s  

T r a n s e c t  

O c e a n s i d e  L i t t o r a l  C e l l  

No.  of Survevs Survey P e r i o d  
L o c a t i o n  

N - - E 



TABLE 3-1 (Continued) 

Transect 

Transect 

Beach Profiles Used in Analysis 

Mission Bay Littoral Cell 

Location 
No. of Surveys Survey Period - N - E 

Silver Strand.Littora1 Cell 

Location 
No. of Survevs Survev Period - N E 



Date of 
P h o t o q r a ~ h  

Jan 1988 
Nov 1987 
Apr 1987 
Sep 1986 
Mar 1986 
Jul 1985 
May 1985 
Sep 1984 
Mar 1984 
Feb 1983 
J u ~  1982 
NOV 1977 
D e c  1976 
Jan 1975 
Jun 1974 
Mar 1972 
A u ~  1970 
Apr 1968 
Apr 1965 
Mar 1964 
Aug 1961 
sep 1960 
Jan 1958 
May 1954 
Mar 1951 
May 1941 
Jun 1938 

TABLE 3-2 

A e r i a l  Photographs Used i n  the  A n a l y s i s  

L i t t o r a l  C e l l  
Oceanside Mission Bav S i l v e r  Strand 

C = Complete coverage of the l i t toral  cell 
P = Partial coverage 



3 3 DATA ANALYSIS 

3.3.1 Scope, Data Reduction and Presentation 

One of the most important indicators for the state of coastal 
processes activities, along the San Diego Region, is the relative 
movement of the shoreline with respect to a fixed reference 
position. Depending on the state of the tide and sea level, three 

. distinct shoreline elevations may be identified; the Mean High High 
Water (MHHW), the Mean Sea Level (MSL) ; and the Mean Low Low Water 
(MLLW) shorelines. Other secondary indicators for sediment 
activities in the nearshore area are the shoreward and seaward 
movements of bottom contours (say -5, -15 and -30 ft). Local waves, 
currents and available sediment sources are the main factors 
causing the continuous changes in shoreline and bottom contour 
positions. Relative movements of a given shoreline, is the product 
of the balance between the intensity of wave energy and the 
availability of sediment supplies. Generally speaking, three basic 
scenarios can take place, namely: 

(1) If the waves sediment carrying capacity exceeds the 
supply of sediment, shoreline recession would take place; 

(2) If the wave sediment load is less than the supplies, 
shoreline accretion or build up would be expected; and 

(3) Stable shorelines are the general product of a balance 
between sediment supplies and waves sediment transport 
capacity. 

Quantifications of the past, present and future trends and rates 
of shoreline movements are basic requirements for proper planning 
and engineering of coastal development projects. 

The CCSTWS has collected a massive .data base on shoreline 
movements as outlined in Section 3.2. In the following sections, 
an analysis of the data is presented, followed by practical 
conclusions and recommendations derived fromthe analysis. Analysis 
of the sunreyed profiles and available historic shoreline changes 
data (NOS and aerial photographs), was achieved by utilizing a 
number of computer programs including the Corps of Engineers 
Interactive Survey Reduction Program (ISRP) and CCSTWS Profiles 
Analyses and Computation Programs (CCSTWS-PACP). The shoreline 
positions and volume changes between surveys were determined using 
the COE profiles data set shown in Table 3-1. Tide datums are 
referenced to the La Jolla tide gage and are as iollows: 

MHHW = + 5.37 feet 
MSL = + 2.75 feet 
MLLW = + 0.00 feet 

Appendix B shows the results of the COE periodic profile 



surveys. Data presented in Appendix B were used to establish 
trends and rates of shoreline and sediment volume changes along the 
San Diego Coastal Region. MHHW, MSL, MLLW, and shoreline positions 
'relative to the COE bench mark were determined for all the 
available recently surveyed profiles covering the period 1934 to 
1989. In addition, the relative positions of the -5 feet, -15 feet 
and -30 feet contours, were also determined. 

The results of this data reduction and analysis effort are shown 
and presented in graphical form in Appendix C and tabular form in 
Appendix D. Most of the COE profile surveys covered the impact of 
summer and winter seasons which were easily quantified and 
summarized in Appendix D. NOS MHHW shoreline position for available 
data during the period 1852-1982 are presented in graphic plots for 
each profile as shown in Appendix E. 

Considering the available set of aerial photographs for the 
period 1938-1988, the wetted shoreline boundary was estimated and 
used as an approximate indicator of the trends in shoreline 
movements. This data is presented in plotted form in Appendix E 
for comparison with the MHHW shoreline which was obtained from NOS 
maps. Determination of volume changes along the COE profiles were 
conducted using the following approach (see also Figure 3-3): 

(1) For the available set of surveys at a given location, 
select that survey date which gives complete coverage 
from the bench mark to a water depth of 40 feet (MUW) 
and call it Reference Date Line (RDL). 

(2) Compute the kelative volume changes for the other 
remaining profiles with respect to the RDL. 

(3) Conduct volume change computations from the bench mark to 
MHHW, MSL, -10, and -40 ft elevations. 

(4) Tabulate the computed volume changes at each profile 
location as a function of time. 

Appendix F presents the sediment volume time changes in tabular 
form. 

3.3.2 shoreline' Movements 

This part of the report presents the analysis of the shoreline 
change data. Qualitative interpretations of shoreline behavior are 
given for the different study reaches along the three major cells 
of the San Diego Region. 

(A) The Silver Strand Littoral Cell 

The Silver Strand littoral cell lies between Mile 0.0 and Mile 
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13.6 (Figure 3-2) and includes the shorelines of the North Island 
Naval Air Station, Coronado, the Silver Strand, the Naval Radio 
Station and Imperial Beach. Appendix A gives a list of major beach 
nourishment and shore protection projects along the Silver Strand 
Cell. Beach nourishment has had a major impact on shoreline 
behavior since the early 1940's. A total of over 34 X lo6 yd3 of 
beachfill has been placed along the Silver Strand shorelines 
including, about 26 X lo6 yd3 which was dredged from San Diego Bay 
and placed on the beaches south of Coronado in 1946. 

Table 3-3 and Figures 3-4a and 3-4b show the computed temporal 
and spatial change rates for four selected intervening periods (pre 
1940, 1940 to 1960, 1960 to 1980, and 1980 to 1989) along the 
Silver Strand Cell. Also shown in Table 3-3 and Figure 3-4b are 
the computed maximum seasonal shoreline movements (erosion and 
accretion) which occurred during the period 1983 to 1989. From the 
data presented in Appendices C, D and E, Table 3-3, and Figures 3- 
4a and 3-4b, the following conclusions on the state of Silver 
Strand Cellls shoreline may be induced: 

1980 to 1989, Period 

The shoreline movement within the cell (Mile 0.0 to Mile 
13.6) , between 1980 and 1989 was dominated by accretion in 
spacial distribution along its shoreline with the exception of 
some localized erosion (16 ft/year) which occurred along a 
small segment of Tijuana River's coastal reach. The 
accretional trends may be attributed t o  the sand nourishment 
activities a t  Mile 9.5 to Mile 10.2 and the localized erosion 
could be a result of the cutoff of sediment supplies from the 
Tij uana River. 

It seems from the seasonal shoreline movements, shown in 
Table 3-3 and Figure 3-4b, that the Silver Strand shorelines 
experience large seasonal movements ranging from a maximum 
recession of 157 ft at Imperial Beach (profile SS 35) to a 
maximum accretion of 166 feet at Coronado (profile SS 160). 
The seasonal winter erosion appears to be the most critical 
movements along the Silver Strand Cell in general, and the 
Imperial Beach area in particular. 

1960 to 1980, Period 

The Silver Strand shorelines, with the exception of 
localized erosion (about 12.2 ft/year) in the proximity of the 
Imperial Beach area (Mile 3 to Mile 5 ) ,  were predominantly 
accretional or stable during this time span (see Figure 3-4b). 
The nourishment of approximately 4 millions cubic yard of sand 
(Mile 2.5 to Mile 10.8) and the construction of a number of 
shore protection devices (see Appendix A), has contributed to 
the relative shoreline stability during the time span (1960- 
1980). 



1940 to 1960, Period 

The shoreline behavior along the Silver Strand Cell was 
greatly affected by two major events which took place during 
this time span (1940-1960.). These events are: 

(1) Placement of 26.2 million cu yd of dredged 
materials south of Zuniga Jetty between Miles 8.8 
and 10.8. 

( 2 )  The Tijuana River watershed experienced dry seasons 
during the period 1946 and 1975. 

It appears that the effect of the first event resulted in 
a progressive accretion along the beaches located between 
Miles 3.3 and 13.6 and the second event caused erosion along 
the reach extending from Miles 0.0 to 3.0. Table 3-3 and 
Figure 3-4a gives the local rates of these shoreline changes 
during the period 1940 to 1960. A maximum shoreline 
propagation of 20 ft/year took place at Mile 9.2. An average 
shoreline erosion of 5 ft/year seemed to prevail between Miles 
0 and 3.0 during this time span. 

Pre 1940 Period 

Data of the shoreline movements shown in Appendix E and 
summarized in Table 3-3 and Figures 3-4a and 3-4b indicate 
that the Silver Strand Cell shorelines were relatively stable 
along most of its length during this time period. The 
construction of the 7500 ft long Zuniga Jetty in 1904 has had 
measurable impact on shoreline advances (accretions) along the 
reach between Miles 5.0 and 13.60. 

_IBl The Mission Bay Littoral Cell 

This 13.7 mi long cell (Figure 3-2) lies north of the entrance 
to San Diego Bay (Mile 15.8) and south of Point La Jolla (Mile 
29.5). The only man-made structures which could have impacted the 
shoreline changes along this cell are the jetties at the entrance 
to Mission Bay, a flood control jetty at the San Diego River outlet 
and a groin at Ocean Beach (see Appendix A). Another important 
factor is the sand nourishment and mining activities. An average 
sand nourishment rate of 2.9 X lo4 yd3 /yr was placed on the Mission 
Beach and Ocean Beach shorelines (profiles OB 230, MB 310, MB 340, 
MB 384) between 1951 and 1987. During the period 1975 to 1988, 
approximately 2,500 cu yd/year of sand was removed from Ocean Beach 
and 7,500 cu yd/yr from Mission and Pacific Beaches as part o f  a 
beach cleaning program. Table 3-4 and Figures 3-5a and 3-5b show 
the summary of the CCSTWS estimate of the temporal and spacial 
shoreline change rates. The time periods used are the same ones 
used in the Silver Strand Cell. The maximum observed seasonal 
shoreline changes along the Mission Bay Cell are also listed i n  
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Table 3-4. From the data presented in ~ppendices C, D, E, Figures 
3-5a and 3-5b, and Table 3-4, the state of Mission Bay Cell 
shoreline may be summarized as follows. 

(1) The shoreline of Mission Beach Cell between Mile 22 and 
Mile 26 have been mostly accretional during the periods 
1940-1960 and 1980-1989. The accretion rate varied from 
7.9 ft/year at Mile 22 (MB 230) to 0.8 ft/year at Mile 24 
(MB 340) during the period 1980-1989. 

(2) During the period 1960-1980, erosion trends predominated 
along the same reach (average 2 ft/yr). This trend may 
be attributed to the extension of the Mission Bay Jetties 
and the construction of the Chet Harriet Dam on the San 
Diego River. It is important to note that after 1980, 
this adverse effect was balanced by sand nourishment 
activities and the efficiency of Mission Bay Jetties in 
trapping littoral materials. 

(3) The most noticeable shoreline changes along the Mission 
Bay Cell are those caused by seasonal wave action as 
indicated in Table 3-4. These changes can reach a maximum 
of 140 ft of erosion during winter and 100 ft of 
accretion during the summer season. 

(4) The Point Loma reach (Mile 16 to Mile 22) is backed by 
steep seacliffs and its beaches are small and 
intermittent. Shoreline changes along this reach have 
been very small due to the sediment nature of the beaches 
which contain mostly gravel and cobbles. 

(5) The La Jolla reach (Mile 26 to 29), is mostly backed by 
seacliffs and is made up of a number of popular pocket 
beaches. Sand along La Jolla beaches is of local origin 
with minimum potential movements. 

JC) Oceanside Littoral Cell 

This reach is approximately 53.5 miles long extending from Dana 
Point to the La Jolla submarine canyons, Dana Point, the north end 
of the cell at Mile 83 (Figure 3-I), is a near-complete barrier to 
the littoral transport of sand. Point La Jolla at Mile 29.5, the 
south end of the cell, is also a near-complete barrier. Analysis 
of shoreline changes in the Oceanside Cell addresses six subreaches 
within the cell covering: (i) La Jolla-Del Mar Subreach (Mile 
29.5-40) ,  (ii) Encinitas-Leucadia Subreach (Mile 40-47), (iii) 
Carlsbad Subreach (Mile 47-53), (iv) Oceanside Subreach (Miles 53 
to 62) (v), Camp Pendleton Subreach (Mile 62-73) and (vi) San 
Mateo-Dana Point Subreach (Mile 73-83). The above boundaries were 
selected based on geomorphic and cultural features such as river or 
lagoon entrances, harbor structures, and other shoreline change 
features . 

The CCSTWS analysis for the historic and measured shoreline 
changes for the Oceanside Cell is given in appendices B, C, D and 
E and summarized in Table 3-5 and Figures 3-6a and 3-6b. ~ppendix 
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TABLE 3-4 

MISSION BAY CELL 

RATE OF SHORELINE MOVEMENT 
AND 

SEASONAL CHANGES 

LOCATION 

OB 230 
MB 310 
MB 340 
MB 384 
PB 408 

MHHW SHORELINE CHANGE RATE (ft/yr) 
pre 40's 1940- 1960- 1980- 

1960 1980 1989 

4.00 7.30 -0.30 7.90 
-1.00 5-50 -7.30 4.90 
0.00 2-80 1.50 0.80 
0.00 -1.10 0.30 3.00 
0.00 0.00 -4.00 1.40 

MAX SEASONAL 
MHHW MOVEMENT (ft) 

SUMMER WINTER 

101 -141 
69 -60 
99 -104 
52 -56 

25.66 -31.5 



A lists the main man-made and natural events which may have 
influenced the state of the Oceanside Cell shorelines. Analysis of 
the shoreline data has suggested the following conclusions for the 
six subreaches of the Oceanside Cell. 

(i) La Jolla-Del Mar Subreach (Mile 29.5-40) 
This subreach appears to be the most stable reach along the 
San ~ i e ~ o  Coastal Zone. Table 3-5 indicates that small rates 
of accretions have taken place since the early 1940's. It 
should be noted, however, that the existinq beaches are 
vulnerable to the storm season erosion retreats shown in ~ a b T e -  
3 - ~ - t = l - ~ f e y - * - -  --.- -- ---- - - - - --  -. -- - ---7 - -- - -- - - 

(ii) 
This seven miles subreach is mostly backed by seacliffs and 
has narrow beaches. Long-term (1940-present) shoreline 
movements are very small and variable (see Table 3-5 and 
Figures 3-6a and 3-6b). Maximum erosion rate of approximately 
2 and 3 ft/year took place during the periods 1940-1960 and 
1980-1989 respectively. On the other hand, accretion rates of 
up to 3.2 ft/year were computed for the period 1960 to 1980. 
The beaches experience seasonal winter erosion in excess of 
100 feet which could lead to a seasonal disappearance of some 
of the narrow beaches at many locations. 

It should be noted that active cliff erosion still occurs 
during severe winter wave conditions at many locations along 
the Southern California coast. And, in the absence of beaches, 
the erosion products from sea cliffs supply sand to the 
littoral cell. Shepard and Grant (1974) found that wave 
erosion of the consolidated rocky coasts of Southern 
California had been negligible during the preceding 50 years. 
On the other hand, they found a retreat of as much as a foot 
per year in unconsolidated formations. Based on a comparison 
of old subdivision maps, Kuhn and Shepard (1984) claim that 
the sea cliff at Encinitas retreated more than 180 meters (600 
feet) between 1883 and 1891. Even though this is known to have 
been a very stormy period, the rate of sea cliff retreat of 23 
meters per year (74 feet per year) does appear extreme. 

(iii) Carlsbad Subreach (Mile 47-53) 
Since early 1940, changes in the MHHW shoreline in this six 
miles reach have been minor with occasional small accretions 
(see Figure 3-6a). During the period 1980-1989, this subreach 
has experienced moderate erosion ranging from 1.6 ft/year at 
Mile 49 to 10 ft/year at Mile 53. 

(iv) Oceanside Subreach (Miles 53-62] 
Shoreline movements along this 9 miles subreach have been 
affected by the series of events given in Appendix A. It is 
believed that three major events have had the most noticeable 
impact on the shoreline changes along the Oceanside Cell. 



These three events are: 

(a) The construction of the oceanside Harbor Jetties in 1942, 
with complete harbor construction in 1963. 

(b) Sand nourishment of about 13.2 X lo6 yd3 of sand along 
the Oceanside Cell beaches during the period 61943-1988. 
Seventy percent of this nourishment (9.3 X 10 yd ) took 
place during the period 1960 to 1980 and 20 percent (2.5 
X lo6 yd3) during the period 1980 to 1989. 

(c) The San Diego shorelines have experienced heavy storms 
during the period 1978-1983. These storms have caused 
severe beach erosion which resulted in the loss of most 
of the nourished sand. The most recent storm of January 
1988, has resulted in shoreline recessions in excess of 
100 ft at many locations. 

Results of the shoreline movements analysis for the 
Oceanside Subreach are given in appendices C, D and E and are 
summarized in Table 3-5 and Figures 3-6a and 3-6b. The state 
of this subreach shorelines are summarized below: 

(1) During the period 1940-1960, slight erosion (4 ft/year on 
the average) took place along the beaches located south 
of Oceanside Harbor (Mile 53 to 57). This erosion may be 
the result of Oceanside Harbor construction and the 
relatively small volume of sand nourishment during this 
period (1.3 million yd3) . 

(2) During the period 1960-1980, accretions predominated 
along the entire subreach. An estimated 9.3 million 
cubic yard of sand nourishment was placed along the south 
beaches of Oceanside Harbor during this period. It is 
apparent from the behavior of these beaches that sand 
nourishment activities have had considerable impact on 
restoring the Oceanside Subreach beaches during the 
period 1960-1980. 

(3) During the period 1980 to 1989, the south beaches have 
experienced severe erosion ranging from 4 ft/year at Mile 
55 to 33 ft/year at Mile 57. This apparent trend of 
recent erosion is believed to result from the relatively 
reduced amount of sand nourishment (2.5 million cubic 
yards) and the increased.stonn activities during the 
period 1980-1989. 

(4) Based on the above findings, it is recommended that 
erosion along this subreach can be checked if nourishment 
of a relatively course sand (0.25 mm) is maintained at a 
rate of approximately 300,000 cubic yards per year at the 
south beaches area (Mile 53 to 57). 
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TABLE 3-5 

OCEANSIDE CELL 

SC 1623 
St 1660 
sc 1680 
sc i n o  
DB 1805 
DB 1850 
DB 1895 
DB 1900 

HHHU SHORELINE CHANGE RATE (f  t /yr)  
rre 40's 1940- 1960- 1980- 

1960 1980 1989 
La Jolla-Oel Mar Sub Reach 

1.00 -1.00 1.20 5.50 
-1.50 1.40 -1.50 -4.10 
0.50 0.80 -2.00 7.80 
1.00 -0.10 -1.60 8.10 
3.00 2.60 -0.30 13.80 
0.50 0.80 -0.80 4.70 
1-00 1.60 -4.30 5.10 
2.00 0.70 0.00 5.90 
1.50 -0.60 0.70 0.90 
2.50 0.00 -0.40 3.50 
4.00 -2.20 8.50 28.00 

Encini tas-Leucadia Sub Reach 

1.00 -1.30 0.10 -0.70 
1.00 -1.50 1.30 0.90 
2.00 -1.90 3.20 -3.10 

-1.00 1.10 0.00 -0.90 
Carlshd Sub Reach 

0.50 0.00 1.00 -1.60 
-1.00 2.60 4.30 -2.60 
-1.00 4.80 0.00 -6.50 
0.00 0.00 0.00 -9.90 

Oceanside SIlb Reach 

-0.50 -0.70 2.60 2.00 
3.00 -3.70 0.00 . -4.00 
4.00 -6.70 2.40 -14.00 
4.00 -5.20 9.00 -33.40 
4.00 13.90 3.50 -30.60 
4.00 6.11 1.38 
3.00 5.40 0.20 -0.10 

Canp Pendleton Sub Reach 

-1.00 3.30 0.00 15.60 
-1.00 7.00 -1.00 4.20 
0.00 1.50 -1.40 -2.00 
0.00 3.00 -0.20 3.70 
0.00 1.10 2.00 6.00 

-0.50 -1.10 1-20 
Sen Hatco-Dana Point Sub Reach 

-0.20 -0.m 7.10 
0.00 0.60 -2.00 
2.50 -0.40 1.40 
0.00 0.00 4.80 

-1.90 8.10 -12.30 
-0.60 9.30 
2.50 -0.40 -0.50 
0.00 -1.90 -10.00 

MAX SEASONAL 
IHHU )IOVEMENT (f  t) 

SUlllER WINTER 



It should be noted that, at oceanside, the sea cliff is about 11 
meters (35 ft) high and occurs just seaward of Pacific Street 
(Artim, 1981)- Within the past two centuries, and during times of 
intense wave action and little sediment discharge from rivers, the 
beach was eroded back to the sea cliffs. Following periods of major 
flooding, the sandy deltas of the Santa Margarita and San Luis Rey 
Rivers built the beach seaward, forming a wide backshore area 
between the sea cliff and the beach berm. Photographs taken in 1916 
show the sand delta of the San ~ u i s  Rey River extending out almost 
a pier length beyond the sea cliffs. 

(v)  cam^ Pendleton Subreach (Mile 62-73] 
This mostly undeveloped reach is backed by seacliffs composed of 
partly unconsolidated sediments. San Onofre Nuclear Generating 
Station, constructed in the mid-1970's is located at ~ i l e  71.8 
(Figure 3.1) and presents the key existing development along this 
subreach. The shoreline along this subreach appear to be 
relatively stable with accretional trends at many locations as 
shown in Figure 3-6a. ~espective, localized erosions of 1.4 and 2.0 
ft/year for the periods 1960-1980 and 1980-1989 were identified at 
Mile 64.5. No apparent reason is known for such localized erosion. 

(vi) 
This 
and 

San Mateo-Dana Point Subreach (Mile 73-83) 
shoreline subreach is mostly backed by the ~tchison, Topeka 
Santa Fe Railroad right-of-way on the seaward side of the 

seacliffs, The railroad is considered as a controling boundary at 
this reach and the removal of any potential source of sediment 
along this reach such as the existing seacliffs, would add to 
future erosion problems. Shoreline movements depicted in Table 3-5 
and Figure 3-6a indicate relatively stable or accretional 
conditions. Localized erosion trends were recorded during the 
period 1980-1989 along the reach from Mile 80 to 83.5. This reach 
is located to the immediate south of Dana Point Harbor and its 
future shoreline change trends need additional monitoring to 
establish the causes of this recent erosion pattern and its extent. 

3.3.3 Nearshore Profile Changes 

General 

Analysis of the COE profile surveys shown in appendix B, 
indicate frequent changes in response to the prevailing wave 
actions and their seasonal variations. The most notable rapid 
rearrangement of the shape of these profiles is caused by the 
seasonal effect of winter and summer waves. During the winter 
storm seasons (October to March) , the beach face is moved landward 
by the cutting action of the relatively steep waves on the San 
Diego Region profiles. In addition, the runback of these winter 
waves on the beach face carries away more sand than is brought to 
the beach by wave runup. The effect of the winter storms action on 
the San Diego Region's profiles is well documented by the observed 
shoreline landward migrations for most of the winter profiles. 



During the summer season (May to September), the Southern 
California beaches are mostly affected by the relatively long 
period southern swells. These swells have a distinct effect on 
readjusting the nearshore profiles by supplying a net shoreward 
transport of sediment which will partially make-up for the winter 
erosions and losses. 

Generally speaking, most of the San Diego Region nearshore 
profiles are characterized by relatively steep slope beach face 
(1:lO to 1:50) extending from the highest limit of wave runup to 
about 5 to 10 feet below the lowest tide level and a nearshore 
gentle slope (1:50 to 1:300) extending from elevation -10 ft (MLLW) 
to elevation -40 ft (MLLW) . This general profile characteristic 
experiences secondary modifications due to the seasonal 
erosion/accretion changes. Sand eroded from the beach, during the 
winter seasons, is deposited mostly as a ramp or bar at or below 
the MLLW elevation, During the summer seasons, sand that has been 
deposited seaward of the shoreline during the winter seasons, 
begins moving landward with a gently sloping seaward face. Figure 
3-7 shows the variation in both the beach face slope and the 
nearshore slope along the San Diego Region shorelines. The 
following general conclusions summarize the trends in beach slope 
characteristics along the San Diego subreaches (see Figure 3-7). 
(1) Silver Strand Cell has an average beach face slope of 40:l. 
The nearshore slopes are relatively flat with slopes of 280:l and 
400:l at Mile 2.2 and Mile 12.6 respectively. This could be 
explained by the possible impact of the Zuniga Jetty deposits at 
Mile 12.6 and the Tijuana River offshore sand deposit at Mile 2.2. 

( 2 )  The ~ission Bay Cell nearshore slopes are mostly 10O:l with an 
average beach face slope of 50:l. 

(3) The La Jolla-Del Max Subreach beach face has an average slope 
of 40:l. The nearshore slopes are relatively steep and vary from 
8.: 1 at La Jolla Canyon (Mile 30) to 85: 1 at Del Mar (Mile 37) . 
(4) The Encinitas shorelines a're characterized -by a beach face 
slope of 45:l and a nearshore slope of about 70:l on the average. 
These slopes steepen as one moves northward to Leucadia (Mile 46) 
where the beach slope reaches 20:l and the nearshore attains slopes 
as steep as 50:l. 

(5) The cobble bed formations along the Carlsbad shorelines seem 
to have some effect on the relative steepness of both the nearshore 
and beach face slopes. The beach face slope varies from 3:l from 
the Batiquitos Lagoon area to 25:l at the northern borders of 
Carlsbad City. The nearshore area has an average slope of 50:l. 
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(6) The Oceanside shorelines are characterized by the 
relatively flat nearshore slopes of 200:l and beach face 
slope of 35:l. The flatter nearshore slopes appear to be 
the product of possible offshore sand deposits resulting 
from the ongoing sediment nourishment activities. 

(7) The Camp Pendleton Subreach has an average near shore 
slope of 170:l and an average beach face slope of 300:l. 

(8) The San Mateo -Dana Point coastal area has an average 
nearshore slope of 160: 1 and beach face slope of 
approximately 25:l. 

3.3.4 Sand Volume Changes 

In the planning and design of coastal projects, it is useful to 
know the magnitude of sand volume changes at a given location due 
to wave action. This type of information is highly desirable for 
the volumetric design of beach nourishment and the functional 
design of coastal structures such as jetties, groins and 
revetments. The prevailing practices in assessing the volume 
changes in a given beach profile based on surface area change, is 
to assume that one cubic yard of volume change in the entire 
profile corresponds to one square foot of beach surface change 
above the shoreline. This empirical rule was first suggested in 
1957 (U.S. Army Corps of Engineers, Shore Protection Planning and 
Design Manual, 1957). This rule of thumb, provides a handy tool in 
sediment budget and sand nourishment studies though its validity 
has yet to be checked. 

In order to examine the validity of the above simple rule 
correlating one square foot (sf) of beach surface area change to 
one cu yd/ft of profile sand volume change in the San Diego Coastal 
Region, changes in beach surface area and volume changes presented 
in appendices C ,  Dl and F were further analyzed to establish needed 
site specific relationships between volume changes and shoreline 
movement. 

Figures 3-8 to 3-25 show the plots summarizing this analysis 
where the effect of the MHHW shoreline movements (erosion/ 
accretion) were correlated to the corresponding surveyed profile 
volume changes for all the three cells and six subreaches of the 
study. The volume changes in the above analysis refer to that 
portion extending from the profile base line to water depths of 
MHHW, MSL, -10 ft, 30 ft, and -40 ft deviation (from MLLW) where as 
the beach surface area or shoreline change refer to the (MHHW) 
line. The data shown in Figures 3-8 through 3-16 covers all the 
measured profiles data presented in appendix F while Figures 3-17 
through 3-25 consider only extreme events causing maximum shoreline 
movements and volume changes. Shown also in the above figures, 
are the computed volume change to shoreline movement ratio, as 
obtained from the best-fit regression lines plot. Table 3-6 



summarizes the results of this analysis for the selected cells and 
subreaches of the San Diego Region shorelines. Data presented in 
Table 3-6 indicate that the volume change/shoreline movement (V/S)  
ratio varies for different depth ranges in the profile. The 
spacial variation of V/S along the entire length of the San Diego 
shoreline is rather uniform to water depths of -10 ft elevation 
(MLLW) . For water depths deeper than 10 feet (MLLW) and 
considering all data points, the correlation between volume and 
shoreline change is not very well defined except for the Oceanside 
Harbor Subreach (subreach 4 of ~igure 3-14). If only the extreme 
events are considered, a more defined correlation exists between V 
and S for water depth up to -40 ft (MLLW) , as shown in Figures 3-17 
to 3-25 and Table 3-6. 

It should be noted that the accuracy of the estimated volume 
change for water depths greater than 10 ft (MMLW) , is a function of 
the survey method and conditions. It is usually expected to 
experience more survey errors in this depth range (>  10 ft) and 
this could have an impact on the established relationships. It is 
therefore recommended to limit the results of this analysis to 
water depths S 10 ft below MLLW. The results can be applied to 
estimate the required nourishment rates for preserving a given 
beach width. 
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The results of the analysis on volume changes are summarized 
below (see also Table 3-6): 

The sediment volume changes within the Silver 
Strand Cell are predominately seasonal with an 
accretional trend during the summer seasons and a 
reversed erosional behavior during winter. These 
reverse sediment volume activities are balanced 
along the Silver Strand Cell except at the mouth of 
Tijuana River and Imperial Beach where winter 
erosion exceeds the summer accretion (see Figure 3- 
4 b ) .  Data presented in Figure 3-17 indicate a 
reasonable correlation between sediment volume and 
shoreline changes for the entire profile (to -40 ft 
depth). The results of the analysis and findings 
are summarized as follows (see also Table 3-6 ) .  

Ratio of 
Volume to 
Shoreline Change 
(V/S)  cu yd/ft 

Elevation of Computed 
Volume Change 

MHHW 
MSL 
-10 ft (MLLW) 
-30 ft (MLLW) 
-40  ft (MLLW) 

(2) The Mission Bay Cell is characterized by balanced trends 
of winter erosion and subsequent summer season accretion 
as shown in Figure 3-5a. Analysis of the collected data 
on sediment volume and shoreline changes indicate that 
for each 0.40  cu yd of beach sand (loss or gain to a 
water depth of -10 ft MLLW), there would be one foot of 
beach width change (erosion or accretion) of the MHHW 
shoreline as shown in Figure 3-18. The results of the 
analysis and findings are summarized below (see also 
Table 3-6). 

Ratio of 
Volume to 
Shoreline Change 
(V/S) cu yd/ft 

Elevation of Computed 
Volume Change 

MHHW 
MSL 
-10 ft (MLLW) 
-30 ft (MLLW) 
-40 f t  (MLLW) 



(3) - The seasonal sediment volume changes along the Oceanside 
Cell presents a good correlation with the shoreline 
movements as shown in Figure 3-19. Such correlation 
exists for volume changes occurring along profile lengths 
extending to various water levels (MHHW, MSL, -10 ft, -30 
ft and -40 ft). The results of the analysis shown in 
Figure 3-19 indicate that the rule correlating one square 
foot of beach area change to vozume change is as follows: 

Ratio of 
Volume to 
Shoreline Change 
(V/S) cu yd/ft 

0 . 2 0  
0.29 
0 . 6 5  
0 . 6 2  
0 .67  

Elevation of Computed 
Volume Change 

MHHw 
MSL 
-10 ft (MLLW) 
-30 ft (MLLW) 
-40 ft (MLLW) 

3.3.5 Impact of the January 1988 Storm 

A major stom attacked the Coast of California during the period 
January 16 to 19, 1988. The peak of the storm arrived on January 
18, 1988. Figure 3-26 shows the intensity of the storm as was 
measured in both deep water (Begg Rock) and nearshore (Oceanside 
Beach). The CCSTWS responded to this significant event by 
deploying a beach profile sunrey team to survey the San Diego 
Region profiles. In addition, a set of aerial photographs were 
taken to cover the extent of the damage and available wave gaging 
records were analyzed to assess the storm intensity. The storm 
which was originated in the North Pacific, generated winds in 
excess of 50 miles per hour with waves approaching the Southern 
California and the San Diego shorelines from a westerly direction. 
The storm is estimated to be at least a 100 year event. The storm 
has resulted in major damages and loss of beaches. 

Beach Erosion and Sand Movement 

Two special survey sets were conducted by the CCSTWS to assess 
the effect of the storm on the shoreline and sand movements along 
the San Diego Region study area. The first survey was conducted 
during January 1988 and the second during November 1989 and were 
used to assess the storm damage and to investigate possible beach 
profile recovery. The results of these surveys and their analysis 
are included in Appendices B, C, and F. The pre-storm survey set 
which was completed for the San Diego shorelines during September 
1987, was selected as a reference survey set to analyze the pre and 



post January, 1988 storm impacts. The MHHW shoreline and sediment 
volume changes during the periods of September 1987 to January 1988 
and September 1987 to November 1989, were measured and computed 
(see Table 3-7) for the San Diego Region surveyed profiles and the 
results are plotted in Figures 3-27a and 3-27b. From the results 
shown in Table 3-7 and Figures 3-27a and 3-27b, the following 
discussions and conclusions summarize the impacts and 
characteristics of the January 1988 storm on the San Diego beaches: 

( 1  As result of the storm, an average shoreline retreat of 
approximately 100 feet predominated along the reach of 
the San Diego shorelines extending from Tijuana to the 

Oceanside Harbor. 

(2) The Carlsbad shorelines (Mile 49 to 54) and the Dana 
Point Harbor subreach (~ile 85) have experienced 
shoreline recessions of approximately 50 feet. 

(3) The shorelines reach extending from Oceanside Harbor to 
about 5 Miles south of Dana Point Harbor appeared to be 
unaffected by the January 1988 storm. 

( 4 )  By November 1989, most of the San Diego Region shoreline 
seemed to have recovered (net accretion of about 25 ft 
above the September 1987 position) from the January 1988 
storm erosion with the exception of the Imperial Beach 
area (Mile 3), Carlsbad and the south beaches of 
Oceanside (see subreaches 111 and IV of Figure 3-27a) 
where a net avkrage erosion of approximately 15 feet was 
estimated. 

( 5 )  The average volume of beach erosion along the study area 
extending from Dana Point to the Mexican border (84 
miles), during the period of September 1987 to January 
1988, was estimated at 18.24 cubic yards.per linear foot 
of shoreline or 8.1 million cubic yards ,for the entire 
San Diego Coastal Region (see Table 3-7). 

( 6 )  The average volume of beach sand recovery along the study 
area from January 1988 to November 1989 was estimated at 
10.3 million cubic yards for the 84 miles of San Diego's 
beaches. 

(7) In general, it appears from the results of the present 
analysis, that the San Diego beaches have recovered from 
the erosion impact of the January 1988 storm with the 
exception of the shoreline reaches located at the Tijuana 
River mouth, south of Oceanside, and south of Dana Point 
Harbor. 
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TABLE 3-7 

THE JANUARY 1988 STORM IMPACT 

6 
W L W E  ( GAIN OR LOSS ) CU YD X 10 

RELATIVE TO SEPTEMBER 1987 SURVEY 

- Loss 
Lini t t d  by avai table surveys 

REACH 
OR SUB-REACH 

SILVER STRAND CELL 

MISSIOW BAY CELL 

OCEANSIDE CELL 

La Jolla-Oet Mar 
sub- reach 

E n c i n i  tas-Lcucadia 
sub- reach 

Carl tbad 
a h -  reach 

Oceans i de 
sh-reach 

C l m p  Pmdle tm 
srrb-reach 

San Hatto-Dam P t  
nrb- reach 

TOTAL 

JAN 1988 STORH 
EROSION 
(CU YD/tin f t )  

-31 -39 

-t7.39 

-21 .811 

-18.33 

-9.23 

-30.93 

-4.36 

-3.38 

-18.24 

REACH LENGTH 
MILES 

11.15 

3.2 

9 

6.6 

t.1 

5.2 

9.3 

7 

52.55 

JAN 1988 

-1.85 

-0.29 

-1.04 

-0.64 

-0.05 

-0.85 

-0.21 

-0.12 

-5.06 

NOV 1989 

1.29 

0.15 

0.41 

-0.24 

0.04 

0.04 

-0.20 

-0.11 

1.37 

OBSERVATlOIL 

canplete recovery 

canplete recovery 

canpleterecovery 

p a r t i a l l y  recovery 

recovered 

recovered 

p n r t i a l l y  recovery 

p a r t i a l l y  recovery 



3.3.6 Beach Width Changes 

Shoreline positions obtained from the Corps of Engineers profile 
data for the period 1983 to 1988 and aerial photographs were used 
to measure the width of the beach. For this analysis, beach width 
is defined as the distance from the MSL shoreline to the landward 
limit of the backshore. Since beach width informaion are generally 
used for long term uses, the MSL beach width seems appropriate for 
this analysis. Figures 3-28 to 3-30 show the maximum, minimum and 
average beach widths for the 1983 to 1988 time period for the 3 
littoral cells. Beach width measurements reflect the effect of 
storms, seasonal variations in shoreline position, floods, beach 
fills, and coastal structures. The maximum and minimum beach widths 
were determined using all available data between 1983 and 1988. 
The average beach width was determined using an equal number of 
summer and winter profiles for the same time period. 

The three types of landward limits used to define beach width 
are sea cliff lines, vegetation lines, and development lines. Sea 
cliffs are a dominate coastal feature in the Oceanside and Mission 
Bay cells. In these areas, the toe of the cliffs was considered 
the landward limit of the active beach. The Silver Strand Cell 
hassea cliffs only at its southern end. The boundary between the 
beach and inland zones north of the U.S./Mexican border was defined 
as the edge of vegetation near the beach. Vegetation growth near 
the shore is limited by several factors, including soil 
characteristics, such as soil type and salinity, and beach 
characteristics, such as wave uprush and sand movement. The 
vegetation line, therefore, marks a boundary between two different 
zones and was considered to be a representative limit of the active 
beach. 

Man-made features along the Southern California coast are very 
common. In determining beach widths, structures can define the 
boundary between beach and inland zones. This boundary, called a 
development line, can be formed by residential or commercial 
buildings, seawalls, revetments, and roads. Several areas of the 
Oceanside Cell have a development line as well as a sea cliff line 
further inland. In these cases, the width of the beach was 
considered to extend to the sea cliff although changes in shoreline 
position are, in effect, limited by the development line. The sea 
cliff, vegetation, and development lines were obtained from a set 
of aerial photographs taken on November 7, 1987 and January, 1988. 

The beach width data presented in Figure 3-28 for the Oceanside 
littoral cell shows that at a location near Oceanside the minimum 
beach position for the period 1983 to 1988 is limited by the line 
of development. Figure 3-30 shows the minimum beach position for 
the 1983 to 1988 period at its landward limit at two profiles at 
the southern end of the Silver Strand littoral cell. 
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3.3.7 Future Shoreline Predictions 

Predictions of future shoreline positions is rather complex and 
difficult due to the uncertainties in the prediction of future wave 
events and the short comings of available techniques in quantifying 
the impact of such events on shoreline changes. On the other hand, 
planners and engineers, alike, are always searching for such 
information to work out future coastal development plans. A 
practical way of estimating these future predictions, is to utilize 
the available information on the shoreline behavior during the past 
50 years (say from 1940-1990) in order to develop trends, and then 
project these trends to the future. This would provide the basis 
for preparing plans for future coastal developments. Generally, 
the San Diego beaches appear to be in fairly good condition. 
However this status prevails only because of many years of "fairm 
weather condition with the exception of the cluster storms of 
1982/83 and the January 1988 storm. These activities have had 
measurable impacts on the preservation of San Diego beaches in 
general and the Coronado area in particular. 

Any rational attempt to predict the status of the San Diego 
region's shorelines should consider the impact of factors such as 
sand nourishment activities, man-made structures and storm wave 
events. The following is a brief description of these activities 
along the San Diego Coastal region. 

(a) Sand Nourishments 

Sand nourishment actwities along the San Diego area shorelines 
have played a major roll in preserving the state of the shoreline 
position. These activities are summarized below: 

Rate of Sand Nourishment 
Location (1940-1989) 

Silver Strand Cell 700,000 cubic y3/year including 
a one time event of 26 million 
y3 in 1946. 

Mission Bay Cell 30,000 y3/year were nourished 
during the period 1951-1987 
which is equivalent to an 
average of 20,000 y3/year. 

oceanside Sand nourishment of about 13.2 
million cubic yards of sand 
were beaches during the period 
1940-1988. This is equivalent 
to an average annual rate of 
270,000 cubic yard. The 
materials were placed along the 



reach extending from the south 
of Oceanside harbor to 
Batiquitos Lagoon. 

Man-made Structures 

Three major structures have had some impact on the shoreline 
changes along the San Diego region. These structures include the 
construction and extension of Mission Bay entrance jetties during 
the 1966's, and the construction of Zuniga jetty in 1904. 

Although, these structures have had some measurable shoreline 
impact, they could presently be considered as an integral part of 
the present shoreline evolution and their short term impact could 
be assumed to be integrated in the long term historic changes. 

(c) Storm Waves 

The San Diego shorelines have experienced heavy storms during the 
period 1978-1983 and 1988. These storms have caused rapid and 
severe beach erosion at many locations, It should be noticed that 
most of the San Diego beaches have recovered the impact of these 
storms in a relatively short period (few months) as indicated in 
the analysis of the 1988 storm (See CCSTWS Technical Report, 1991). 

Based on the assumption that the future climate (1989-2010) will 
resemble that which has prevailed during the past 50 years, it 
appears that the most important factor, which could impact San 
Diego's future shoreline, is the intensity of future sand 
nourishment activities. Therefore, any suggested scenarios for 
predicting the future shoreline positions should consider future 
variations in the amounts and rates of sand nourishments along the 
3 San Diego littoral cells. 

The following three scenarios are examples of a methodology which 
could be used for predicting future shoreline change for the San 
Diego Region, 

Scenario I; Sand nourishment will continue through the year 2010 
at the same average annual rates and locations which took place 
during the period 1940-1989. 

Scenario 2 and 3; The nourishment rates will be reduced by 50 and 
25 percent respectively. These two scenarios are important in 
assessing the impact of future reduction in nourishment rate on 
possible shoreline retreat at key coastal location. 

The results of the above suggested approach to predict the 
approximate future shoreline changes to the year 2010 for the San 
Diego region's three man cells ate shown in Figures 3-21, 3-22, and 
3-23 (Silver Strand, Mission Bay and oceanside). 



The main results at Key Location are summarized in Table 3 - 8 . '  The 
data presented in Table 3-8 should be used with extreme caution and 
their application should be limited as guidelines for 
reconnaissance planning and development scenarios. 

Table 3-8 Predicted Shoreline Position 
Changes by the year 2010 

MHKW Shoreline position change (1989-2010) 
Cell Location 100% nourishment 50%N. 25%N. 

Silver Strand 
Tijuana River/ -15 
Imperial Beach 

Coronado +200 +30 -50 

Mission Bay 

ocean Beach +20 

Mission Beach +2 5 

Oceanside 

Carlsbad 
(mile 47 - 53) +5 

Oceanside, South 
Beaches -50 

* - Erosion 
* + Accretion 

I~ conclusion, it is recommended to continue collecting more 
information on shoreline changes and the wave climate to check the 
accuracy of the above prediction and suggest additional practical 
scenarios. 
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3.4 SUMMARY AND CONCLUSIONS 

This chapter presents the CCSTWS findings on the state of the 
San Diego Coastal Regions shorelines and nearshore beach profiles, 
The study area included the coastal zone from the U.S./Mexican 
Border at Tijuana, approximately 84 miles upcoast to Dana Point a s  
shown in Figure 3-1 and Figure 3-2. The shoreline between Tijuana 
and Dana Point was divided into three littoral cells: Silver 
Strand, ~ission Bay and Oceanside. The Oceanside Cell was 
subdivided into six subreaches as shown in Figure 3-1. Three sets 
of data were used to establish quantitative shoreline and volume 
change rates and trends. The data included 1) beach profiles 
conducted by the Los Angeles District, U.S. Army Corps of 
Engineers, during the period from 1934 to 1989; 2) shoreline change 
maps prepared by NOS, covering the period from 1852 to 1982; and 3) 
shoreline positions developed from aerial photographs taken during 
the period 1938-1988. Data analysis and reductions were achieved 
by utilizing a number of computer programs including ISRP and 
several which were developed by the CCSTWS Study Team. Summaries 
of the study findings are presented in the following sections. 

3.4.1 shoreline Movements 

Silver Strand Cell 

(1)As shown in Figure 3-4a, the Silver Strand Cell shoreline is 
characterized by predominant accretion since the early 1940 Is,. with 
the exception of an approximate 4-mile-long zone from Tijuana to 
Imperial Beach, where the shoreline is eroding at an estimated rate 
of 5 feet per year. 

(2)The silver Strand Cell shoreline is subjected to relatively 
large seasonal movements. During the October-to-March winter 
season, the MHHW shoreline could experience a maximum retreat of 
approximately 150 feet as recorded at Imperial and Coronado Beaches 
see Figure 3-4b). 

(3)A relatively high shoreline accretion rate of about 11.6 feet 
per year, along. a majority of the Silver Strand Cell (Mile 3.0 to 
13,6) was recorded from 1940 to 1960. This high accretion rate may 
be explained by the massive disposal of about 22.6 million cubic 
yards of dredge material along this study reach. 

Mission Bav Cell 

The Mission Bay Cell shorelines and its sediment movement 
activities are shown in Figures 3-5a and 3-5b and summarized below: 

(1) The shorelines of Mission Beach Cell (Mile 22 to Mile 26) have 
been mostly accretional during two periods, 1940-1960 and 1980- 
1989. The accretion rate varied from 7.9 feet per year at Mile 25 
to 0.8 feet per year- at Mile 24.8 for the period 1980-1989. 

(2) From 1960 to 1980, erosion trends predominated along the same 
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reach (an average of 2 feet per year). This trend may be 
attributed to the extension of the Mission Bay Jetties and the 
construction of the Chet Harriet Dam on the San Diego River. It is 
important to note that after 1980, this adverse effect was balanced 
by sand nourishment activities and the effectiveness of the Mission 
Bay Jetties in trapping littoral materials. 

(3) The most noticeable shoreline changes in the Mission Bay Cell 
are those caused by seasonal wave action, as indicated in Table 3-4 
and Figure 3-5b. These changes can reach a maximum erosion of 140 
feet during winter, and 100 ft accretion during the summer. 

(4) The Point Loma Reach (Mile 16 to Mile 22) is backed by steep 
seacliffs with beaches that are small and intermittent. Shoreline 
changes along this reach have been minor because of the sediment 
nature of the beaches (mostly gravel and cobbles). 

(5) The La Jolla Reach (Mile 26 to 29), is mostly backed by 
seacliffs and is made up of a number of popular pocket beaches. 
Sand along La Jolla beaches is of local origin, with minimum 
potential effects on shoreline movements. 

Oceanside Cell 

Analysis of shoreline changes in the oceanside Cell addressed 
six subreaches, as follows: 

(1) The La Jolla-Del Mar Subreach (Miles 29.5 to 40) 
(2) The Encinitas-Leucadia Subreach (Miles 40 to 47) 
(3) The Carlsbad Subreach (Miles 47 to 53) 
(4) The Oceanside Subreach (Miles 53 to 62) 
(5) The Camp Pendleton Subreach (Miles 62 to 73) 
(6) The San Mateo-Dana Point Subreach (Miles 73 to 83). 

An analysis of the shoreline data suggested the following 
conclusions for the six Oceanside Cell subreaches (Figures 3-6a and 
3-6b). 

(1) ba Jolla - Del Mar Subreach (Mile 29.5-401 
This subreach appears to be the most stable in the San Diego 
coastal zone. It should be noted, however, that the existing 
beaches are vulnerable to seasonal storm erosion, ranging from 15 
to 150 feet. 

(2) Encinitas - Leucadia Subreach (Miles 40-471 
This seven-mile subreach is mostly backed by seacliffs and has 
narrow beaches. A maximum erosion rate of approximately 2 and 3 
feet per year occurred during the periods 1940-1960 and 1980-1989 
respectively. Accretion rates of up to 3.2 feet per year were 
estimated for the period, 1960 to 1980. 

Beaches can experience seasonal winter erosion in excess of 100 
feet, leading to the disappearance of some of the existing narrow 
beaches. 



(3) Carlsbad Subreach (Mile 47-53) 
Since early 1940, changes in the MHKW shoreline in this six-mile 
reach have been minor, with occasional small accretions, During 
the period, 1980-1989, this subreach experienced moderate erosion 
ranging from 1.6 feet per year at Mile 49 to 10 feet per year at 
Mile 53. 

(4) Oceanside Subreach (Mile 53-62)- 
Three major events have had a noticeable impact on the Oceanside 
Cell shoreline. They are: 

(a) The construction of the Oceanside Harbor Jetties in 1942. 

(b) Sand nourishment of about 13.2 X lo6 cu yd of sand along the 
Oceanside Cell beaches from 1940 to 1988, 9.3 X lo6 from 1960 to 
1980 and 2.5 X lo6 cu yd from 1980 to 1989. 

(c) The San Diego shoreline experienced heavy storms 
during the period 1978-1983. These storms caused severe beach 
erosion and the loss of most of the nourished sand. The most 
recent storm in January 1988, resulted in shoreline recessions in 
excess of 100 ft at some locations, 

The state of this subreach shorelines are summarized below: 

(i) From 1940 to 1960, slight erosion (4 ft/year on the 
average) took place along the beaches located south of the 
Oceanside Harbor (Mile 53 to 57). This erosion could be related to 
the Oceanside Harbor construction and the relatively small volume 
of sand nourishment (1.3 million cu yd) during this period. 

(ii) During the period 1960-1980, accretions predominated along 
the entire subreach. An estimated 9.3 million cu yd of sand 
nourishment was placed along the south beaches of Oceanside Harbor. 
It is apparent from the behavior of these beaches that sand 
nourishment activities had considerable impact on restoring the 
Oceanside subreach beaches during the period 1960 to 1980. 

(iii) From 1980 to 1989, the south beaches experienced severe 
erosion ranging from 4 ft/year at Mile 55 to 33 ft/year at Mile 57. 
This apparent trend of recent erosion is believed to result from 
the relatively reduced amount of sand nourishment (2.5 million cu 
yd) and the increased storm activities during the period 1980 to 
1989. It is believe that erosion along this subreach can be checked 
if nourishment of a relatively course sand (0-25 mm) is maintained 
at a rate of approximately 300,000 cu yd per year to the south 
beaches area (Mile 53 to 57) 

5.  cam^ Pendleton Subreach (Mile 62-73) 
The shorelines along this subreach appear to be relatively stable 
with accretional trend at many locations. At Mile 64.5, localized 
erosion of 1.4 and 2.0 ft/year occurred during the periods 1960- 
1980 and 1980 to 1989 respectively. No apparent reason is known for 
such localized erosion. 



6. 6 
This subreach's shoreline appears to be relatively stable with 
occasional accretions at a few locations from Mile 80 to 83.5. 
Localized erosion trends were recorded during the period 1980 to 
1989. This erosional reach is located to the immediate south of 
Dana Point Harbor. Future shoreline change trends will require 
additional monitoring to establish the causes of the recent erosion 
pattern and its extent. 

3.4.2 sediment Volume Changes 

The sediment supply and loss to the San Diego Region beach 
profiles, which extends to a water depth of approximately 30 feet, 
appear to be seasonal. The winter seasons (~ctober-~pril) erode 
the beach sediment, while the summer season waves (May-September) 
contribute to beach stabilization and buildup. The maximum 
seasonal sediment volume changes along the San Diego ~egion 
shoreline are presented in Figures 3-4 through 3-6. The findings 
and conclusions obtained from the volume changes analysis are 
summarized below: 

(1) The sediment volume changes within the silver Strand Cell are 
predominately seasonal. In general, the winter and summer volume 
changes are balanced, with the exception of the Tijuana River- 
Imperial Beach area, where erosion trends predominate. 

(2) The Mission Bay Cell is characterized by balanced trends of 
sediment erosion and accretion. 

(3) Both the Imperial and the oceanside beaches are the most 
vulnerable to winter erosion. They have experienced a maximum 
recorded winter season loss of approximately 150 cu yd /ft with an 
average seasonal erosion of approximately 50 cu yd/ft of, beach. At 
the Oceanside Harbor subreach, a maximum summer season accretion of 
200 cu yd/ft of beach took place during the 1963 summer season. 
This  seems to have been caused by the estimated 3.8 million cu yd 
of sand nourishment which was disposed in 1963 at Ocean Beach. .The 
average maximum summer season'accretion along the Imperial and 
Oceanside Beach areas is estimated at 50 cu yd/ft of beach, which 
seems to balance the above mentioned average winter erosion rate. 

(4) The Oceanside Harbor subreach requires continuous sand 
nourishment activities along the area extending from south of the 
harbor to the northern side of the city of Carlsbad. This would 
offset the erosion action caused by severe storms and the possible 
adverse impact of the Oceanside Harbor breakwaters. 

(5) In order to assess the impact of sediment volume changes per 
unit beach length, along the San Diego Coastal Zone, and to 
quantify their relationships to shoreline erosion or accretion, the 
following guidelines are suggested as a result of the CCSTWS study: 

(a) A sand nourishment rate of one cubic yard per unit beach 
length, along a profile reach extending from the MHHW to the Mean 
Sea Level Line, would produce approximately 3 feet of new beach 



width. 

(b) A sand nourishment rate of one cubic yard per unit beach 
length, along a profile reach extending from the MHHW line to water 
depths of 10 it would produce approximately 2 feet, of new beach 
width. 

(c) A storm shoreline erosion (MHHW) of 100 it, would cause the 
loss of approximately 60 cubic yard of sand per linear foot of 
beach material from the profile extending from the MHHW to a water 
depth of approximately 30 feet. 

3.4.3 Impact of the January 1988 Storm 

From the results shown in Figures 3-27a and 3-27b and Table 3-7, 
the following discussions and conclusions summarize the impact and 
characteristics of the January, 1988 storm on the San Diego 
beaches : 

(1) As a result of the storm, an average shoreline retreat of 
approximately 100 feet predominated along most of the San Diego 
shorelines extending northwards from Tijuana to the Oceanside 
Harbor. 

(2) The Carlsbad shorelines and the Dana Point Harbor subreach have 
experienced shoreline recessions of approximately 50 feet. 

(3) The reach extending northward of Oceanside Harbor to about 5 
miles south of Dana Point Harbor, appeared to be unaffected by the 
January 1988 storm. 

(4) By November 1989, most of the San Diego Region shoreline seemed 
to have recovered from the January 1988 storm. A net average 
accretion of about 25 feet above the September 1987 position was 
seen with the exception of the Imperial Beach area, Carlsbad and 
the south beaches of Oceanside where a net average erosion of 
approximately 15 feet was estimated (September 1987 to November 
1989). 

(5) The average volume of beach erosion along the study area from 
Dana Point to the U.S./Mexican Border (84 miles) during the period 
from September 1987 to January 1988 was estimated at 18.24 cubic 
yards per linear foot of shoreline or 8.1 million cubic yards for 
the entire San Diego Coastal Region. 

(6) The average volume of beach sand recovery along the study area 
from January 1988 to November 1989 was estimated at 10.3 million 
cubic yards for the 84 miles of San Diego's beaches. 

(7) In general it appears from the results of the present analysis, 
that the San Diego beaches have recovered the erosion impact of the 
January 1988 storm with the exception of the shoreline reaches 
located at the Tijuana River mouth, south of Oceanside and south of 
Dana Point Harbor. 



3.4.4 Potential Problem Areas 

As a result of this analysis on historic shoreline and profile 
changes along the San Diego Coastal Zone (Tijuana to Dana Point), 
the following coastal reaches are identified to exhibit some 
coastal erosion problems: 

(1) The Tiiuana River Mouth - Imperial Beach Reach (Mile 0-41 
This reach is vulnerable to wave attack and beach erosion during 
the winter seasons. Presently, this reach is eroding at a net 
estimated rate of 6 ft/year on the average with a potential of 
maximum seasonal winter erosion of 150 ft along the Imperial Beach 
area. The beach profiles, along this reach, are experiencing net 
erosion to water depth of -30 ft (MLLW). 

(2) Coronado Beaches /Mile 10-14L 

Although this reach is characterized by accretional trends, it is 
still subjected to severe seasonal movements of f150 feet. 

(3) Del Mar-Oceanside Harbor Reach (Mile 38-57) 

This reach is presently (1980-1989) experiencing some beach 
erosion. The shoreline erosion sates vary from approximately .9 
ft/year at Encinitas to 6.5 ft/year at Agua ~edionda Lagoon 
(approximately, 7 miles subreach). The rate of erosion increases 
rapidly from 5 ft/year at Hedionda Lagoon to approximately 33 ft/yr 
immediately to the south side of Oceanside Harbor (5 miles 
subreach). These erosion trends could be the result of the 
increased storm activities during the period 1980-1988 and may be 
corrected by enhancing the ongoing nourishment activities such as 
increasing the present rates and the possible use of a relatively 
coarser sand (0.25 mm) . A combination of sand nourishment and some 
structural solutions, such as groins, offshore breakwaters and 
revetments, is a viable solution to the prevailing erosion problems 
along this important San Diego coastal reach. 

(4) South of Dana Point (Mile 80-821 
Localized erosion trends were recorded during the period 1980-1989, 
along an approximately two mile reach to the immediate south of 
Dana Point Harbor. Additional detailed surveys are needed to 
establish the extent of this local erosion. 



REFERENCES 

REPORT PUBLICATIONS 

Publication author is the U.S. A m y  Corp of Engineers (USACOE), Los 
Angeles District, Los Angeles, CA, unless otherwise noted. 

Reference No. Title 

CCSTWS Plan of Study, 1983 

1984 

CCSTWS 84-1 

CCSTWS 84-2 

CCSTWS 84-3 

CCSTWS 84-4 

CCSTWS 84-5 

3985 

CCSTWS 85-1 

CCSTWS 85-2 

CCSTWS 85-3 

CCSTWS 85-4 

CCSTWS 85-5 

Annual Report,.1983, April 1984, 67 p. 

Nearshore Bathymetric Survey Report No.1, 
Nearshore Research Group, Scripps 
Institution of Oceanography, La Jolla, CA, 
April 1984, 142 p. 

San Diego Region Plan of Study, April 1984, 
34 p. 

Geomorphology Framework Report, Dana Pt. to 
the Mexican Border, September 1984, 150+ p. 

Sediment Sampling: Dana Pt. to the Mexican 
Border (November 1983-January 1984 ) , November 
1984, 804- p. 

Annual Report, 1984, April 1985, 37 p. 

Geomorphology Framework Report, Monterey Bay, 
U. S . Geological Survey, Menlo Park, December 
1985, loo+ p. 

Nearshore Bathymetric Survey Report, San 
Diego Region (November 1983-February 1985) , 
Ocean Engineering Research Group, Scripps 
Institution of Oceanography, La Jolla, CA, 
December 1985, 560 p. 

Southern California Coastal Processes, 
Annotate Bibliography, December 1985, 401 p. 

Geotechnical Data Inventory, Southern 
California Coastal Zone, December 1985, 100+ 
P* 



REPORT PUBLICATIONS 
(Continued) 

Reference No. 

CCSTWS 85-6 

CCSTWS 85-7 

CCSTWS 85-8 

CCSTWS 85-9 

CCSTWS 85-11 

1986 

CCSTWS 86-1 

CCSTWS 86-2 

1987 

CCSTWS 87-1 

Title 

Southern California Shoreline Socioeconomic 
Data Summary, POD Inc., Santa Ana, CA 
December 1985, 195 p. 

Meteorological Data Inventory, Southern 
California Coastal Zone, DMA Consulting 
Engineers, Marina del Ray, CA, December 1985, 
150-t p. 

Hydrologic Data Inventory, Southern 
California Coastal Zone, DMA Consulting 
Engineers, Marina del Ray, CA, December 
1985, 102 p. + Appendix 

Hydraulic Data Inventory, Southern California 
Coastal Zone, December 1985, 35 p. 

Shoreline Movement Data Report, Portuguese 
'Point to the Mexican Border (1852 to 1982), 
USACOE Waterways Experiment Station, 
Vicksburg, MS, December 1985, 49 p. 

Littoral Zone Sediments, San Diego Region 
(October 1983-June 1984), University of 
Southern California, Los Angeles, CA, 
December 1985, 200+ p. 

Southerh California Coastal Processes Data 
Summary, Jaykim Engineers, La Jolla,, CA, 
February 1986, 572 p. 

Southern California Coastal Photography and 
Beach Profile Index, February 1986, 150 + p. 

Annual Report, 1985, July 1986, 45 p. 

Annual Report, January 1986-July 1987, 
October 1987, 46 p. 



REPORT PUBLICATIONS 
(continued) 

Reference No. 

CCS'IWS 87-2 

CCSTWS 87-3 

CCSTWS 87-4 

CCSTWS 87-5 

CCSTWS 8'7-6 

CCSTWS 87-7 

CCSTWS 87-8 

CCSTWS 87-9 

CCSTWS 87-10 

1988 - 
CCSTWS 88-1 

CCSTWS 88-2 

Title 

Coastal Cliffs Sediment Report, Ajina, Del 
Mar, CA, June 1987, 150+ p. 

Silver Strand Preliminary Sediment Budget, 
Moffat and Nichol Engineers, Long Beach, CA, 
December 1987, 157 p. 

oceanside Cell Preliminary Sediment Budget, 
Tekmarine, Inc. , Pasadena, CA, December 1987, 
157 p. 

Northern California Coastal Processes, 
Annotated Bibliography, USACOE San Francisco 
District, December 1987, 491 p. 

Literature Data Base User's Manual, USACOE 
San Francisco District, December 1987, 32 p. 

Northern California Coastal Photography, 
Beach Profile and Bathymetry Index, USACOE 
San Francisco District, December 1987, 97 p. 

Northern California Wave, Wind, Tide, and 
River Discharge Index, USACOE San Francisco 
District, December 1987, 108 p. 

San Diego Region Wind Transport and Wave 
Overwash Report, Tekluarine, Inc., Pasadena, 
CAI December 1987, 36 p. 

Shoreline Movement Investigations Report, 
Portuguese Point to the Mexican Border (1852- 
1982) , Mof fat & Nichol Engineers, Long Beach, 
CA, December 1987, 124 p. 

Socioeconomic Data Summary, Northern 
California Shoreline, USACOE San Francisco 
District, January 1988, 43 p. 

Sedimentation in Submarine Canyons -- San 
Diego County, California (1984-1987), Moffat 
and Nichol Engineers, Long Beach, CA, April 
1988, 115 p. 



REPORT PUBLICATIONS 
(continued) 

Reference No. 

CCSTWS 88-3 

CCSTWS 88-4 

CCSTWS 88-5 

CCSTWS 88-6 

CCSTWS 88-7 

CCSTWS 88-8 

CCSTWS 90-1 

CCSTWS 90-2 

Title 

River Sediment Discharge Study, San Diego 
Region, Simons, Li and Associates, Newport 
Beach, CA, August 1988, 100+ p. + Appendices 

Shoreline Position Study - San Diego Region 
(1982 - 1983), Tekmarine, Inc., Pasadena, 
CA, August 1988, 10 p. 

Sand Thickness Survey Report, San Diego 
Region, Tekmarine, Inc. , Pasadena,. CA, August 
1988, 21 p. 

Historic Wave and Sea Level Data Report, San 
Diego Region, Moffat and Nichol Engineers,' 
Long Beach, CA, January 1989, 100+ p. 

Mission Bay Littoral Cell, Preliminary 
Sediment Budget Report, Moffat and Nichol 
Engineers, Long Beach, CA, December 1988, 129 
P 

Coastal Cliff Sediments, San Diego Region, 
Dana Pt. to the Mexican Border, Brian A. 
Robinson and Associates, Van Nuys, CA, 
December 1988, 200+ p. 

Fourier Grain Shape and Mineralogic Analysis 
of Sand Samples for the San Diego Region, 
October 1989, 116 p. 

Oceanside Littoral Cell Sediment Budget 
Report, Moffatt and Nichol Engineers, Long 
Beach, CA, October 1990, 200+ p. 



COAST OF CALIFORNIA STORM AND TrDAL WAVES STUDY 
SAN DIEGO REGION 

"STATE OF THE COAST" REPORT 

CHAPTER 4 

WAVES AND SEA LEVEL DATA 





Table of Contents 

4 . WAVES AND SEA LEVEL DATA 

..................................... 4.1 Introduction 4-1 

................................ 4.2 Wave Data Sources 4-1 
4.2.1 General ................................... 4-1 ............ 4.2.2 Hindcasted Deepwater Wave Data 4-1 .............. 4.2.3 Measured Deepwater Wave Data 4-6 .......... 4.2.4 Measured Shallow-Water Wave Data 4-6 

4.3 Methodology ................................... 4-7 .............................. 4.3.1 Introduction 4-7 ...... 4.3.2 Stratified Population Extremal Mode1 4-7 ........ 4.3.3 Seasonal Maxima Distribution Mode1 4-8 

4.4 Evaluation of Wave Data Sets ..................... 4-11 
4.4.1 Introduction .............................. 4-11 
4.4.2 Marine Advisers ........................... 4-11 ... 4.4.3 Meteorology International Incorporated. 4-14 
4.4.4 Pacific Weather Analysis (1983) ........... 4-21 
4.4.5 Pacific Weather Analysis (1987) ........... 4-26 ....... 4.4.6 Fleet ~umerical Oceanography Center 4-38 .............. 4.4.7 Waterways Experiment Station 4-43 ................. 4.4.8 National Data Bouy Center 4-44 
4.4,9 Scripps Institution o f  Oceanography ....... 4-47 
4.4.10 Shipboard Wave Observations ............... 4-50 

............. 4.5 Comparison of Extreme Wave Data Sets 4-51 
4.5.1 General .............................. .... 4-51 
4.5.2 Account of Selected Storms ................ 4-53 ......... 4.5.3 Statistical Estimates of Extremes 4-57 

4.6 Island Sheltering ................................ 4-69 .................................... 4.6.1 General 4-69 
4.6.2 Methodology .........,..................... 4-69 .................................. 4.6.3 Research 4-69 

4.7 Water Levels .................................... 4-71 
4.7.1 Tides ..................................... 4-73 ............ 4.7.2 Extreme Sea Levels at La Jolla 4-76 
4.7.3 Future Sea Level Rise .................... 4-82 

4.8 Summary of Findings. ............................. 4-85 
4.9 References ....................................... 4-88 



LIST OF FIGURES 

Paqe # Fiaure # 

4-1 

4-2 

4-3 

................. Location of Wave Hindcast Stations 4-2 

............................ Location of Waves Gages 4-3 

MA-Distribution of combined Sea & Extratropical 
Swell 1900-1957 .................................... 4-13 
MIL-Distribution of Sea n Station 5 1951.1974 ...... 4.16 
MII-Distribution of Combined Sea & Extratropical 
Swell = Station 5 (1951.1974) ...................... 4-17 
MII-Distribution of Sea . Station 6 (1951.1974) .... 4.18 
MII-Distribution of Extratropical Swell 
Station 6 (19.51-1974) .............................. 4-19 
MII-Distribution of Combined Sea & Extratropical 
Swell . Station 6 (1951.1974) ..................... 4-20 
PWA-Distribution of Extratropical Swell (1958-83) 4-24 

PWA-Distribution of Combined Sea & Extratropical 
Swell (1958-1983) .................................. 4-25 
Tropical Storm'Tracks Which Produced Annual 
Maximum Deepwater Wave Heights (1967-1986) ......... 4.29 
PWA-Distribution of Tropical Storm Swell for South 
Facing Beaches (1967.1986) .......................... 4-31 
PWA-Distribution of Tropical Storm swell for west- 
facing beaches 1967-1986 ............................ 4-32 

Exposure to Southern Hemisphere Swell .............. 4-33 
Distribution of Southern & Northern Hemisphere 
Winter Storms 1966-1986 ............................ 4-36 

PWA-Distribution of Southern Hemisphere Swell .......................................... 1966-1986 4-37 

FNOC-Distribution of Combined Sea & Extratropical 
Swell (1972-1985) .................................. 4-41 
FNOC-Distribution of Tropical Storm Swell (1972-85)4-42 

........... NOAA-Buoy 46024 Wave Heights (1982-1985) 4-46 



Paae # 

SIO-Distribution of measured wave heights 
deep-water station ................................. 4-48 
SIO-Distribution of measured nearshore wave heights .............................. shallow-water station 4-49 

......... . Extreme deep-water waves Tropical Stoms 4-59 

. .... Extreme deep-water waves Extratropical Storms 4.60 

Extreme deep-water waves . ~ropical/~xtratro~ical . . 4.62 
.... 10 year & 88 year record statistical comparison 4-64 

Shallow-water & deep-water 10-year statistical .......................... . comparison ~ission Bay 4-65 

shallow-water & deep-water 10-year statistical 
. comparison Oceanside ............................. 4-66 

Extreme shallow-water and deep-water 
waves . Mission Bay entrance array ................. 4-67 

..... Extreme shallow &.deep water waves - Oceanside 4-68 

Wave exposure for the San Diego Region ............. 4-70 
Cumulative distribution of relative wave energy with 
respect to Azimuth from principal wave direction .. 4-72 
La Jolla tide stick diagram ....................... 4-75 
Time series of sea level. tide residual. atmospheric ......... pressure and RMS wave height at La Jolla 4-77 

Maximum sea level return period . La Jolla ....... 4-81 
Yearly mean sea level . San Diego (1906-1986) ...... 4-84 



LIST OF TABLES 

Table # Pase # 

................... 4-1 Wave Hindcast Data Summary .4-4 

4-2 Measured Wave Data Summary ..................... 4.5 
4-3 Marine Advisers Extreme Wave Characteristics 

1990-1957 ........ ..-....... .........-....... 4-12 
4-4 Marine Advisers Recurrence Intervals ........... 4-12 
4-5 MIX-Extreme Wave Event Listing Station 5 

(1951-1974) .................................... 4-15 

4-6 MII-Extreme Wave Event Listing Station 6 . (1951.1974) ................................... -4-15 
4-7 MII-Recurrence Intervals ....................... 4-21 
4-8 PWA-Extreme Extratropical Storm Wave 

Characteristics (1958.1983) .................... 4-22 
4 -9 PWA-Extratropical Storm Waves Recurrence 

Intervals ...................................... 4-26 

4-10 PWA-Tropical Storm Swell Affecting South 
Facing Beaches (1967-1986) ..................... 4-27 

4-11 PWA-Tropical Storm Swell Affecting West 
Facing Beaches (196701986) .................... -4-28 

4-12 PWA-Tropical Storm Swell Recurrence Interval ... 4.30 
4-13 . PWA-Southern Hemisphere Swell (1966-1986) ...... 4-34 
4-14 PWA-Southern Hemisphere Swell Recurrence 

Intervals ...................................... 4-38 
4-15 .FNO CeExtreme Extratropical Storm Wave 

Characteristics (1972-1985) .................... 4-39 
4-16 FNOC . Extreme ~ropicai Storm Wave 

Characteristics (1972-1985) .................... 4-40 
4-17 FNOC-Recurrence Intervals ...................... 4-40 
4-18 WES-PCWIS Phase I1 Recurrence Intervals ....... 4-44 



NCDC-NOAA Data Buoy 46024 Recurrence Intervals 4-45 

Eastern North Pacific Tropical Cyclones ,....... 4-52 
Significant Wave Heights and Periods (1983) .... 4-55 

Storm of 16-18 January 1988 Peak Significant 
Wave Height and Periods.................. ...... 4-56 
Wave Height Statistical Analysis .,............. 4-61 
Deep Water - Shallow Water Recurrence Interval 4-63 
Ten Largest Residual Events 
La Jolla(1955-84) ............................. 4-79 
Tide Residual/T.ide Height Joint Exceedance ... 4-79 
Tide Residual/Wave Height Joint 
Exceedance - La Jolla (1976-1984) ............. 4-82 





CHAPTER 4 

WAVES 

4.1 INTRODUCTION 

AND SEA LEVEL DATA 

This chapter presents historic wave data and recent wave 
hindcasts for extreme storm events in the San Diego region. The 
tide regime, historic and predicted extremes of sea level, and a 
chronology of extreme storm events are also presented. The 
chronology is in ~ppendix G. A qualitative discussion on wave 
setup and island sheltering is given as well as hindcasts of 
Southern Hemisphere swell and tropical storms which have impacted 
the San Diego region. 

4.2. WAVE DATA SOURCES 

4.2.1 General 

Several extreme wave data sets are available for the San Diego 
region, Characteristics of extreme waves have been hindcasted and 
measured in deep water and measured in shallow water. Monthly and 
annual wave characteristics have also been prepared for deepwater 
wave hindcast sites offshore of Southern California (Marine 
Advisers, 1961; National Marine Cansultants, 1960). However, these 
hindcast studies were for a 3-year period and do not provide wave 
characteristics of extreme storm events. Thus, these data sets 
were not statistically analyzed as part of this study. 

The locations of wave hindcast and measuring stations for the 
San Diego region are shown in Figures 4-1 and 4-2, respectively. 
The period of records, gaps in the data set, water depths, and 
sampling intervals are listed in Tables 4-1 and 4-2. 

4.2.2 Hindcasted Deepwater Wave Data 

Six sources of deepwater extreme wave hindcasts which were 
analyzed are: 

1. Marine Advisers, (1960) : "Design Waves for Proposed Small- 
Craft Harbor at Oceanside, California." 

2. Meteorology International, Inc. (1977): "Deep-Water Wave 
Statistics for the California Coastn, Stations 5 and 6. 
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Table 4 - 1  

Wave Hindcast Data Sumnary 

Water 

Data Source 
Years o f  Location 
Record Lat . Lonq. 

MARINE ADVISERS (MA) 
Design Waves f o r  Oceansi de Harbor 1900-1957 Offshore Oceansi de 

METEOROLOGY INTERNATIONAL I NC. (MI I) 
Stat ion  5 PI1 51 1951-1974 3 3 3 0 '  120V4 '  
S ta t ion  6 M I 1  6 1951-1974 31' 30' 118' 24' 

PACIFIC WEATHER ANALYSIS (PWA) 
No. Hemisphere Swell L Combined 
Seas 8 Swell (PWA 1) 1958-1983 33' 15' 118VO' 

Southern Hemisphere Swell (PWA 2) 1966-1986 32' 15' 118@208 
Tropical Storm Swell (PWA 2) 1966- 1986 32VO' l l 8 V O 8  

FLEET NUMERICAL OCEANOGRAPHY CENTER (FNOC) 
Spectral Ocean Wave Model 1972- 1985 32' 53' 119' 21' 

WATERWAYS EXPERIMENT STATION (WES) 
Pac i f i c  Coast Wave Information 

Study (PCWIS) 
Sta t ion  P2001 WES 1 I I 1/56- 12/75 32' 22' 117' 53' 
S ta t ion  P2002 WES 2 1/56-12/75 32' 35' 118' 26' 
S ta t ion  P2003 WES 3 1/56- 12/75 32"4t1 11838 '  
Stat ion P2004 WES 4 1/56-12/75 3 3 V 0 8  11990 '  

Depth Sampl i ng 
(feet). I n te rva l  

Deep Spec i f i c  Storms 
Water 

4300 Speci f i c  Stonns; 3 h r  ' 

4300 Speci f ic  Storms; 3 h r  
3300 Speci f ic  Storms; 3 h r  

1200 Spec i f i c  Storms; 6 h r  



Table 4-2 

Measured Wave Data Sumnary 
Water 

Years o f  loca t ion  Depth 
Data Source Record Gaps i n  Data Lat. Long. ( fee t )  
NOAA DATA BUOY 
BUOY I .D. NO. 46024 4182-10185 11/83-5104 32* 50' 119' 10' 2460 

f 

SCRIPPS 1NSTITUTION OF OCEANOGRAPHY (SIO) 

!%%%$%eri der 2/81-3/87 111182-5/18/82,5/11/83-1127184 32' 44.8' 117'22.3' 630 
2125184-12/16/84,1/30/86-2/9/86 

Begg Rock-waver1 der 10/82-3/87 7115183-7/28/83 33' 24.4' 119' 40.1' 361 

Shallpw Watei Gages 
Scripps Pier-SP Gage 4/77-2167 

Mtsslon Bay Entrance- 
Sxy Array . 8/78-3107 

D e l  Mar-S Array 
X Y  

7/83-3/87 

Oceanside Beach- 
S Array 

x Y 
12/78-3107 

San Clemente- 
S Array 

XY 
7183-3/87 

2179-7/80,3/1/83-2/4/85 32' 45.4' 117' 15.7' 32.8 

None 32" 57.4' 117' 16.7' 3 5 

None 33' 24.9' 117' 37.8' 33.5 

Sampl 1 ng 
I n te r va l  

0.67 seconds 
20 min. avg.  

6 h r  

Varies SHIPBOARD OBSERVATIONS 1949-1986 32.5'-33.5' 118.5'-120" Varies 



3. Pacific Weather Analysis, (1983): Preparation of 
Extratropical Storm Wave Hindcasts for Moffatt & Nichol, 
Engineers. 

4. Pacific Weather Analysis, (1987) : Preparation of Tropical 
Storm Swell and Southern Hemisphere Swell Hindcasts for 
Moffatt & Nichol, Engineers. 

5. Fleet Numerical Oceanography Center, (1987): Spectral Ocean 
Wave Model Hindcast. 

6. Waterways Experiment Station, (1987): "Pacific Coast Wave 
Information Study - Phase 11," Stations 1, 2, 3 and 4. 

4.2.3 Measured Deepwater Wave Data 

Three sources of measured deepwater wave data are: 

1. A wave data buoy operated and maintained by the National Data 
Buoy Center (NDBC) within the National Oceanic and Atmospheric 
Administration (NOAA): Station 46024. These data have been 
summarized by NOAA (1986). CCSTWS Report 88-6 provides a 
summary of the monthly wave data. 

2. Wave gages installed by the U.S. Army Corps of Engineers and 
the State of ~alifornia Department of Boating and Waterways 
and maintained and operated by the Scripps Institution of 
Oceanography (SIO): ~ission Bay Buoy and Begg Rock Buoy. 
These data are summarized each month and at the end of each 
year in reports available from SIO. This wave measuring 
network is also referred to as the Coastal Data Information 
Program (CDIP) . 

3. Visual observation of wave characteristics reported by ships 
at sea and archived at the National Climatic Data Center 

' (NCDC). A users manual to obtain the wave observations 
directly is available from NCDC (1986). The U.S. Naval 
Weather Service Command (1976) publishes a Summary of Synoptic 
Meteorological Observations (SSMO) which includes summarized 
wave observations. 

4 . 2 . 4  ~easured Shallow-Water Wave Data 

Measured shallow-water wave data are available from the U.S. 
Army Corps of Engineers and the State of California Department of 
Boating and Waterways wave measuring network: Mission Bay Entrance 
Array, Scripps Pier Gage, Del Mar Array, Oceanside Beach Array, and 
San Clemente Array. Monthly and annual summary reports are 
available from SIO. 



4.3 METHODOLOGY 

4.3.1 Introduction 

Several probability distributions are available for 
statistically analyzing extreme wave data as described by Isaacson 
and MacKenzie (1981). They include the distributions known as log- 
normal (Gumbel or extremal Type I or Fisher-~ippett Type I), log- 
extremal (Fretchet or extremal Type I1 or Fisher-~ippett Type 11), 
and Weibell (extremal Type 111). The most appropriate distribution 
is the one which plots as a straight line through the measured or 
hindcasted wave data with the least error. This "best-fitn 
straight line can be extended to predict extreme wave heights over 
longer time intervals. 

Two different methodologies were used to determine the 
probability distribution, or the "best-fitM1 straight line, and the 
extrapolated wave heights. The first method utilized the 
Stratified Population Extremal Model (SPEM) , proposed by Borgman 
(1987). This model is applicable for data sets which consisted of 
extreme wave heights above a given threshold and can be separated 
into source categories, such as extratropical storm swell, tropical 
storm swell, Southern Hemisphere swell and seas. The extreme event 
wave hindcasts are appropriate data sets for this method. 

The second method considered data sets which were not easily 
separated into categories, the time extent of the data base was 
short-term, the frequency of observations were hourly or daily and 
the measurements were not continuous over the period of record. 
Methods proposed by Borgman (1987) and Borgman and Gonzalez (1987) 
were used to analyze these types of data sets. This method, 
referred to as the Seasonal Maxima Distribution Model (SMDM), was 
appropriate for the data sets consisting of limited measured wave 
data. 

4.3.2 Stratified Population Extremal Model (SPEM) 

The following steps were followed for analyzing each of the 
appropriate data sets; primarily, the extreme wave hindcasts. 

1. Dates of storm events, wave heights, wave periods, and deepwater 
wave approach directions were reviewed to determine if the 
specific wave event is tropical storm swell, extratropical 
swell, Southern Hemisphere swell, or locally-generated seas. 
The storm events were separated into categories to avoid Itmixing 
pop~lations.~~ The basis for this is the assumption that the 
data for separate populations should form a random sample. 



- 
2. Data were ranked by ascending significant wave height, with m 

= 1 corresponding to the smallest wave height and m = N 
corresponding to the highest wave height, for N values in the 
data set. 

3. The probability of exceedence, F (h,) , was then determined for 
each wave height defined by: 

4. The probability distribution which best fits the data was 
determined and the wave heights were plotted on extreme value 
probability paper. The computer program WAVDIST developed by 
the U.S. Army Engineer Waterways Experiment Station (1986) was 
used to select the distribution where appropriate. WAVDIST 
selects the best extreme probability distribution from extremal 
Type I, Weibell, and log-extremal. 

5. Recurrence intervals, RI, corresponding to a specific wave 
height is determined using: 

where xis the Poisson lambda parameter. This assumes that the 
number of storms occurring per unit time is a random variable 
best modeled by the Poisson distribution. The Poisson 
distribution is characterized by a mean value of 2 ,  which in 
this case is the average number of storms per year, 

6. Finally, the 50 percent reliability intervals corresponding to 
the 0.75 fractile and the 0.25 fractile were plotted for the 
five highest wave heights in the data set using procedures 
recommended by Borgman (1961). This provides an indication of 
the closeness of fit of the higher wave heights to the selected 
distribution. 

4 . 3 . 3  Seasonal Maxima Distribution Model (SMDM) 

The raw data available from the various wave height recording 
stations consists of the maximum significant wave height occurring 
in consecutive one-hour or six-hour intervals. Since only the 
statistics of extreme heights are of interest, the data were 
condensed by extracting the monthly maximum heights. The principal 
statistics to be computed from such data sets were the distribution 
of maximum wave heights and the associated recurrence intervals. 

The measured wave data sets are characterized by frequent gaps 
usually caused by equipment failure. Thus, the available months 
with maximum wave heights are not continuous over the period of 
record. The available monthly record of the measured maximum wave 



heights varied from 36 months for the NOAA buoy to 111 months for 
the ST0 gage at Scripps Pier. The following procedure to 
statistically analyze the measured wave data is hereinafter 
referred to as the Seasonal Maxima Distribution Model, (SMDM). 

In arriving at an estimate of the distribution function for 
annual maxima, precision can be gained by dividing the year into 
three seasons: winter (October-March), transitional (April-June), 
and summer (July-September). Within each season the ocean wave 
characteristics off Southern ~alifornia are relatively similar. 
The three seasonal maximum wave height distribution functions were 
estimated individually, and then were multiplied together to 
produce ,the annual maximum distribution: 

This relation follows from the fact that any distribution function 
F ( y )  is by definition the probability that some random variable Y 
is less than or equal to the argument y: 

F(y) = Prob {Y<=y) 

For Y to be an annual maximum, it is necessary that the maxima in 
all three seasons be no greater than its value, and assuming the 
seasonal wave heights are independent of one another, 

Y a c = ~ )  = Prob {Y,<=y) Prob {Y,<=y) p-~-ob( Y,<=~ 

which is 'identical to (1). 

To get estimates of the seasonal maximum distribution functions 
F,, F,, and F,, use is again made of the product relationship (1) , 
where the factors on the right are the distribution functions of 
maximum waves in the months making up the season. Assuming these 
to be all equal, the expression for e.g. the winter season would 
be: 

where F,(y) is the distribution function for a typical month in 
the winter season which consist' of six months. However, the 
monthly maxima are not altogether independent; the maximum waves 
in January and in February could very well occur during the same 
storm. The exponent 6 is therefore replaced by 6r, where r is a 
number less than 1. The product 6r represents the number of 
equivalent independent monthly maxima that occurred during the 
winter season. It was determined as a least squares estimate from 
the observed data. 

To do this, the winter monthly maxima were ranked from lowest 
to highest: Y,, Yz, . . . . . Y,; the value of F,(Yi) is approximated as 



( n ) .  Similarly, the winter seasonal maxima are ranked, and 
their distribution function approximated as k / ( N + l ) ,  k being the 
rank and N the number of different winter seasons represented in 
the data set. 

To simplify the least squares procedure, logarithms were taken of 
both sides of (2) as modified by replacement of the exponent 6 with 
6r: r 

The N values for y, provide N points from which to estimate r; 
Equation (3) is of the form Yk= r X k f  and the least squares estimate 
of r is: 

A final step in the process is converting the approximate 
distribution function of monthly maxima to a smooth curve so that 
it can be used in Equations (3) and (1). The curve could be drawn 
by eye, but to mechanize processing it was converted to straight- 
line form for extrapolation; the least squares method was again 
used to estimate the slope. Extreme values of many one-sided 
random variables that arise from me,asurements of natural phenomena 
are well represented by a double exponential: 

The straight-line equivalent was obtained by taking negative 
logarithms of both sideg twice: 

There are n values of y available, and the constants a and b 
were again calculated by least squares. The two equations that 
must be solved to estimate two linear constants are: 

Here X, and Y, stand for observed values of y and -log(-logF(y)), 
respectively. 

With values of a, b and r determined for each of the three 
seasons, Equations (5) and (1) allow the annual maximum 
distribution function to be plotted for arbitrary values of the 
wave height y. Recurrence intervals, RI, for a specific wave 
height was then determined using: 



4.4. EVALUATION OF WAVE DATA SETS 

4.4.1 Introduction 

Wave characteristics for each of the data sets are presented. 
All of the wave parameters (height,, period, and direction) are for 
deep water with the exception of five shallow-water wave gages 
maintained and operated by the Scripps Institution of Oceanography. 
The wave height indicated in each of the data sets is the maximum 
significant wave height hindcasted or observed. Wave periods are 
typically the dominant period at the time of the highest wave 
height. The deepwater wave approach direction of the highest wave 
is indicated by the azimuth. Wave data are presented in 
chronological order with the exception of the .shipboard 
observations which are listed from highest to lowest wave heights. 

The statistical analyses are presented for the maximum 
significant wave heights. Joint probabilities using wave height 
and period, direction or water level were not conducted. The wave 
data, extreme probability distribution, reliability intervals a n d  
wave heights for the 5-, lo-, 25-, 50- and 100-year recurrence 
intervals are shown for each of the data sets. In addition, the 
mean of the significant wave heights for each data set is provided. 

4.4.2 Marine Advisers (1960)'- Hindcast 

General 

The Marine Advisers (MA) hindcast study was prepared for the 
U.S. Army Corps of Engineers to evaluate characteristics of 
severest probable waves as a basis for design of small-craft harbor 
protective structures at Oceanside and Dana Point. This study has 
subsequently been used to determine design waves for other coastal 
and offshore projects from San Diego County to Los Angeles County. 
The hindcasts were prepared by initially examining all available 
weather maps, newspapers, and ship observations from 1900 to 1957. 
Fifteen storms were selected based on reports of their general 
severity or coastal damage. The selection of storms considered 
which deepwater waves could not impact the proposed harbor sites 
because of complete blocking by the offshore islands. Two of the 
fifteen selected storms gave lower wave heights than anticipated 
and were thus excluded. Table 4-3 is a list of the hindcasted 
results in an exposed deepwater location offshore of Oceanside for 
the remaining 13 storms, neglecting effects of island sheltering. 

Statistical Analysis 

The SPEM methodology was used to analyze the Marine Advisers 
wave data. This wave data set includes the September 1939 tropical 
storm that made landfall in Southern California. It is the largest 
hindcasted wave event of record for all the wave data sets 
evaluated. However, the September 1939 storm was the only event 
which was documented as a tropical storm. Thus, this event was 
separated from the data set and statistics were conducted on the 



remaining wave heights. This remaining wave data set consists of 
combined sea and extratropical swell. 

Table 4-3 

Marine Advisers 
Extreme Wave Characteristics 

1900-1957 

*S T Azimuth 
Date - (feet1 (seconds-] jdearees) 

Mar 1904 
Mar 1912 
Dec 1914 
Jan 1915 
Feb 1915 
Jan 1916 
Feb 1926 
Apr 1926 
Dec 1937 
Sep 1939' 
Jan 1943 
Mar 1952 
Jan 1953 

'tropical storm 
b15. 0 to 15.8 seconds was recorded at Camp Pendleton 

Figure 4-3 is a plot of probability of exceedence versus 
deepwater significant wave heights. WAVDIST was used to select 
the probability distribution, which is the extremal Type I. The 
mean wave height for this data set is 14.6 feet. The unsheltered 
deepwater significant wave heights corresponding to the 5-, lo-, 
25- 50-, and 100-year recurrence intervals are listed in Table 4- 
4. 

Table 4-4 

Marine Advisers 
Recurrence Intervals 

Recurrence 
Interval t vrs L 



RECURRENCE INTERVAL (Years) 

PERCENT PROBABILITY OF EXCEEDENCE 

Figure 4 - 3 .  Distribution of combined sea and extratropical 
swell, 1900-1957. (Marine Advisers) 



4.4.3 Meteorology International Incorporated (1977) - Hindcast 
Deepwater wave characteristics were developed by Meteorology 

International Incorporated (MII) from the U.S. Navy Fleet Numerical 
Weather Central (FNWC) hindcast model for six stations off the 
California coast. Stations 5 and 6, as shown in Figure 4-1, are 
located in Southern California and are representative of deepwater 
waves for the San Diego region. 

Hindcasts of seas and swell were made from wind fields developed 
from shipboard barometer and wind velocity measurements. The data 
base used in the hindcasts were collected over the time period from 
1951 to 1974, The only set of wind fields consistently available 
throughout the period of the data base was one per day based on the 
1200 GMT analyses. Thus, the compilation of the wave hindcasts was 
based on once-daily wave computations. The hindcast model used was 
the FNWC Singular Sea/Swell Model. 

Frequency distributions of wave height versus wave period by 
month and direction for sea, swell and combined sea and swell are 
presented in the hindcast study. A listing of extreme sea, swell, 
and combined sea and swell were compiled. The combined wave height 
was calculated to be that height corresponding to the sum of the 
energy contributions from sea and swell. An extreme event was 
defined as seas 2 5 meters (16 feet), swell 2 3 meters (10 feet), 
and combined sea and swell 2 5 meters (16 feet). Extreme event 
listings for sea, swell, and combined sea and swell for Stations 
5 and 6 are presented in Tables 4-5 and 4-6. These extreme wave 
heights were hindcasted from extratropical storm events: Southern 
Hemisphere swell and tropical storm swell were not included in the 
hindcast study. 

Statistical ~nalvsis 

The extreme wave heights were analyzed based on the SPEM 
methodology. Each wave category was statistically analyzed for 
Stations 5 and 6, with the exception of the swell category for 
Station 5. There was only one extreme swell observation during 
the period of record for this station. 

The extreme probability distributions which best represented 
the data was determined by WAVDIST to be log-extremal. The wave 
data and probability distributions are presented in Figures 4-4 
and 4-5 for Station 5 and Figures 4-6 through 4-8 for Station 6.  
The estimated deepwater wave heights for various recurrence 
intervals and the mean wave heights for each category and station 
are summarized in Table 4-7. 



Table 4-5 

Meteorology In t e rna t iona l  Incorporated Extreme 
Wave Event L is t ing  - S t a t i o n  5 (1951-1974) 

H~ T Azimuth 
Cateaorv Date I f e e t l  (seconds 1 f dearees)  

Sea 8Feb 1953 
14May 1955 

6Mar 1956 

Swell 8Mar 1964 

Combined 8Feb 1953 
l4May 1955 

6Mar 1956 
7May 1970 

Table 4-6 , 

Meteorology In t e rna t iona l  Incorporated 
E x t r e m e  Wave Event L i s t i ng  - S t a t i o n  6 

1951-1974 

Cateaorv 
H s T Azimuth 

Date j f e e t )  (seconds 1 [deqrees 1 

Sea 29Mar 1953 
6Mar 1956 

20Apr 1962 
8Jun 1964 

2 4 D e c  1964 
5May 1968 

29Feb  1972 

Swell 8Mar 1964 
6 J u l  1969 

13Aug 1969 

Combined 2 9 Mar 
6Mar 

2 0 A p r  
8 Jun 

24 Dec 
2 6 May 

5 May 
4 May 
7 May 

29 Feb 



RECURRENCE INTERVAL (Years) 

PERCENT PROBABlLtTY OF EXCEEDENCE 

Figure 4-4. Distribution of sea - Station #5, 1951-1974, 
(Meteorology International Incorporated) 
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