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VOLUME I I - 2

THE NATURAL ENVIRONMENT NEAR SAN ONOFRE

1 .  INTRODUCTION

A g rea t  pa r t  o f  MRC's  p rog ram i s  t o  assess  SONGS'  e f fec t  on

mar ine populat ions.  This  requi res moni tor ing and study of  the

phys i ca l / chemica l  cond i t i ons  o f f  San  Ono f re  i n  o rde r  t o  p rov ide  an

exp lana t i on  o f  t he  b io log i ca l  changes ,  na tu ra l  o r  SONGS induced ,  i n

ter r rs  of  observed phys ica l  changes and known b iophysica l  nechanisms.

This  repor t  is  or iented towards prov id ing a rev iew of  the natura l

events which occurred dur ing the per iod of  the s tudy.  As wi l l  be shown

here,  there were changes in  the natura l  env i ronment  f rom year  to  year .

The changes are more pronounced dur ing the El  Nino per iod,  August  L982

to Ju ly  1984,  which brought  cont inued h igh temperatures and deplet ion

o f  nu t r i en ts  to  coas ta l  wa te r  o f f  San  Ono f re .  The  L98Z-84  E l  N ino  was

a lso  assoc ia ted  w i th  seve re  w in te r  s to rm waves  wh ich  caused

d is tu rbance  to  the  sea  bo t tom.  The  L982-84  E I  N ino  i s  p robab ly  the

largest  major  event  dur ing th is  s tudy.  S ince El  Nino is  a  very large-

scale event ,  i t  has about  the same overa l l  e f fect  on the ent i re  area of

the  s tudy .

Sect ion 2 g ives the geographic  locat ion of  San Onofre,  the

desc r ip t i on  o f  t he  s tudy  s i t e ,  and  the  l oca t i on  o f  t he  ma jo r  ke lp  beds

and creeks in  the area.  The data used in  th is  repor t  are d iscussed in

Sec t i on  3 .

Seet ion 4 presents the oceanographic  condj . t ions of f  San Onofre

f rom 1981-1986 ,  t o  g i ve  an  accoun t  o f  t he  na tu ra l  even ts .  I t  i s

in tended to prov ide both overa l l  in terpretat ion of  the events and

enough deta i l  to  examine the phys ica l /chemical  condi t ions for

compar i son  a t  spec i f i c  t imes  and  p laces  w i th  the  b io log i ca l

samp l ings .

A summary of  the major  oceanographic  events between 1981 through

1986  i s  g i ven  i n  Sec t i on  5 .
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2 .  DESCRIPT ION OF  THE S ITE

San  Ono f re  Nuc lea r  Power  S ta t i on

Diego and Los Angeles at  the edge of

con t i nen ta l  she l f .  F igu re  2 -1  shows  a

s i t e  whe re  San  Ono f re  i s  a t  1170  33 '

l a t i t ude .

is  located hal tway betueen San

a  rough ly  5 -10  k i l ome te r  w ide

large regional  map of  the s tudy

25" longitude and 33o 22' L2"

F igu re  2 -2  t s  a  more  de ta i l ed  map  o f  t he  s tudy  reg ion .  I t  shows

an area of  18 x  9 krn at  S0NGS reveal ing the bathymetry  and the locat ion
of  the in takes and out fa l ls  for  the three uni ts .  A '11 three in takes are
loca ted  i n  abou t  8  me te rs  o f  wa te r ,  3  me te rs  o f f  t he  bo t tom.  Un i t  I
uses a point  d ischarge whi le  uni ts  2 and 3 incorporate s taged
d i f f use rs  to  d i spe rse  the  once - th rough  sea  wa te r  used  i n  the  secondary
coo l i ng  sys tems .  No te  the  p ro t rus ion  o f  San  Ma teo  Po in t  on to  a
Ioca l l y  na r row ing  she l f .  Th i s  i s  t he  l a rges t  i r regu la r i t y  i n  t he
coast l ine and nearshore bathymetry  for  10 km up or  down the coast .  San
Ono f re  beach  i s  i nd i ca ted  i n  F igu re  2 -2  as  one  o f  t he  poss ib le  a reas  o f
SONGS'  impac t .  F igu re  2 -2  a l so  shows  the  ma jo r  cobb le  subs t ra tes

wh ich  P resen t  a reas  o f  po ten t i a l  ke lp  hab i ta t i on  ( see  Vo l  IV -2  fo r
more  de ta i l ) ,  and  the  ma jo r  c reeks  i n  t he  s tudy  a rea .

The major  ke lp beds in  the area are San Mateo ke lp,  San Onofre

kelp and Barn ke lp.  These beds are pr imar i ly  inhabi ted by the g iant

ke lp Macrocyst is  pyr i fere and prov ide a r ich habi ta t  for  severa l
spec ies  o f  f i sh ,  i nve r teb ra tes  and  a1gae .

2
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Figure 2-1. Regional nap of the study si te
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For the analyses of  the cont inuous data of  temperature and

i r rad iance measurements,  w€ have chosen to show our  resul ts  f rom

s ta t i ons  SMK45  and  SOK45 .  The  l a t te r  s ta t i on  i s  cons t ruc ted  by

averaging the hourly measurements from SOKU45 and SOKD45. This is

des igned  to  rep resen t  t ime  se r ies  w i th  as  few  da ta  g raphs  as  poss ib le .

SOKU45 and SOKD45 are located in  the v ic in i ty  o f  the San Onofre ke lp

bed and SMK45 is  located in  the San Mateo ke lp bed.  Both s tat ions are

in  a  to ta l  wa te r  dep th  o f  14  me te rs .
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4 .  OCEANOGRAPH IC  CONDIT IONS

4.1.  Temperature and Nutr ients

The coasta l  waters of f  San Onofre over  the last  ten years have

been  tempera te :  su r face  tempera tu re  i n  l a te  summer  i s  t yp i ca l l y  nea r

20oc  (68oF) ,  w i th  a  max imum near  25oc  ( zZo r ) ;  w in te r  su r face

tempera tu re  i s  t yp i ca l l y  nea r  15oC (57oF) .  A t  a  dep th  o f  L4  m,

temperatures around t5oC are typ ica l ly  found in  any season.  Table 4-1

shows the basj -c  s tat is t ics  of  bot tom temperature at  s tat ions SMK45 and

SOK45 for  var ious seasons and years.  This  tab le g ives the mean,

standard deviat ion (STD),  maximum (max) ,  min inum (min)  temperaturesr

and number of  days used in  the ca lcu lat ions (N) .

Apar t  f r om i t s  d i rec t  e f fec t  on  b iochemica l  p rocesses ,

temperature has s t rong ind i rect  in f luence on the condi t ions of  l i fe  in

the  sea .  One  o f  t he  mos t  impor tan t  i s  t he  e f fec t  o f  t empera tu re

s t ra t i f i ca t i on  on  the  ava i l ab i l i t y  o f  nu t r i en ts  i n  sha l l ow  coas ta l

waters.  The densi ty  of  the ocean waters near  SONGS var ies main ly

because  o f  va ry ing  tempera tu re .  Ve r t i ca l  s t ra t i f i ca t i on  o f  dens i t y ,

w i th  warmer  wa te rs  ove r l y ing  co l -de r ,  s t rong ly  i nh ib i t s  ve r t i ca l

mix ing because of  the energy requi red to  overcome the force of

buoyancy .  A  l a rge  pa r t  o f  t he  d i sso l ved  nu t r i en ts  used  by  p lan t  l i f e

in  the nearshore waters comes f rom a reservoi r  o f  n i t ra te and

phosphate in  deep waters,  which only  becomes avai lab le in  shal low

waters through ver t ica l  rn ix ing or  mass movements.  S ince p lant  l i fe  in

the s.ea depends largely on bringing together l ight from above and

d isso l ved  nu t r i en ts  f rom .be1ow,  the  l im i ta t i on  o f  ve r t i ca l  m ix ing  by

s t ra t i f i ca t i on  o f  t empera tu re  may  be  c r i t i ca l .

O f f  San  Ono f re ,  t he  concen t ra t i on  o f  n i t ra te  i s  l ow  in  wa te rs

greater  than 14oC, and increases rapid ly  wi th  decreasing temperature

below l4o.  The st ratum in  which nutr ients  increase rapid ly  wi th  depth

i s  ca1 led  the  nu t r i c l i ne .  Tak ing  n i t ra te  as  rep resen ta t i ve  o f  o the r

nu t r i en ts  as  we11 ,  t he  top  o f  t he  nu t r i c l i ne  nea r  SanOno f re  i s



F d) (\,

co co o\
( r ) . v ) : l F U : \ f l 1  3
( o 5 \ o € F c o t -

S r n F \ O O \ F c ) r n r t t n f -

c O O O \ F c ) 6 C  F O \ O ( r )
F ( \ j  F ( ! A l ( \ l F O J r ( ! a l

F O F f - < ) O c O F ( ' N c O

F N J O F O J ( \ ' - ( \ J O J F N -

( \ J O \ \ O o O O F O \ F c ) f - \ O

T F O T C V F F A I F F O

! n F A J \ O F c 4 € ( ] r ) \ O \ O

5 rn\o \o \o F () tr\ rt\:f F

o\ €o F o\:f o o ro rn r I

N F : f , N o ( \ C ) O o F ! i \

l - r J \ F ( \ j  F  c O . J ( \ J  O \ O c O

s 5 \ o \ o \ o \ o 5 r n 3 5 \ o
F F F F T F  F F F F F

N € o F O J N r O c o r O O -
5 N 3 N C O \ O N s F c O c O
T F F F F F F F F F

t n \ O ( ' r n O € € F F - f \ A J

G l - 5 N f l j  N l F r ( \ J O l n

O \ O \ | n \ O O \ . i l F - c O F f ) F

F * O \ 6 O O . r o \ O c o c o c o
F F F ( ! ( \ l ( \ l F C \ J F F F

F e e * e * d e e p e

UJ !J lrJ I! rJ Ul LJ tlj lll lrJ !J
F E F = . - E F = F = F
z , z z , z z . E z . = z = z
- = - = - = - : ) - t -
= o = a = Q = o = o =

f i l c 4 3 u \ \ O t -
c O ( \ J € . 4 c O : t c O ! J \ c O \ O c O
r c o t o t c o r c o t c o l

N o : r r n \ O
c D € o c o c o c o o

z.
E

z.

E

z
;

z,

E

rn
5 X
:<
o =
a

F
o

:<
= =

F
U>

z

o

U
U)

lrJ

ii

I
I
il
I
t
I
t lrj

F

trJ

=
U

I F

=
J F

r!

(,

;
2
F

a

I
,l
I
il
fl
I
I
I



il

I
I
I
t
,l
I.L
I
t
t
ll

il
{

I
ll

I
I
I

genera l l y  l oca ted .  c lose  t - ,  t he  i so the rma l  su r face  a t  14oC,  a t  wha teve r
dep th  tha t  may  be .  F igu re  4 -1  shows  the  re la t i onsh ip  be tween  n i t ra te
and  tempera tu re .  The  theo re t i ca l  re la t i on  o f  N -T  i s  g i ven  by :

N  =  4 .065  i r  e r f c  t (T -13 .9L )11 .15 )

where i r  er fc  is  the f i rs t  in tegraL of  the complementary error
func t i on .  Fo r  f u r the r  d i scuss ion  on  th i s  re la t i on .  see  Re i t ze l  e t  a l
( L987 ,  Vo1 .  V -2 ) .

The main agent  of  ver t ica l  mix ing in  the nearshore waters of f  San
Onofre is  the turbulence generated by wind s t ress on the sur face and
by  bo t tom s t ress  due  to  l oca l  cu r ren ts .  The  ma in  agen t  oppos ing
ve r t i ca l  m ix ing  i s  so la r  hea t i ng  o f  t he  sea  su r face ,  se t t i ng  up  a
dens i t y  s t ra t i f i ca t i on  tha t  i nh ib i t s  t he  ve r t i ca l  t u rbu lence .
Somet imes in  mid winter  the turbulence dominates and the nearshore
wa te r  co lumn i s  a lmos t  comp le te l y  m ixed ,  w i th  the  top  on l y  a  sma I1
f rac t i on  o f  a  deg ree  Ce ls ius  warmer  than  the  bo t tom.  Common ly  the  top
to -bo t tom d i f f e rence  i n  14  rn  dep th  i s  abou t  one  deg ree  i n  w in te r ,
r is ing in  i r regular  s teps dur ing ca lm per iods in  spr ing to  about  f ive
degrees  i n  summer ,  and  fa l l i ng  back  i n  s teps  w i th  au tunn  s to rms  to  i t s
w in te r  va Iue .

T ime  h i s to r i es  o f  da i l y  ave rages  o f  su r face  and  bo t tom
tempera tu res  a re  shown  in  F igu res  4 -2  and  4 -3 .  They  a re  p lo t ted  yea r

by  yea r ,  f r om 1981  th rough  1985 ,  f o r  t he  en t i re  da ta  se t .  These  p lo t s

Present  da i ly  means,  f rom which the in ternal  waves are ef fect ive ly
f i l t e red  ou t ,  and  they  show the  de ta i l ed  cou rse  o f  t he  onseL  and

breakdown of  s t ra t i f icat ion,  upwel l ing and downwel l - ing episodes,  and

the major  changes in  the EI  Nino years.  As a usefu l  rough index of

nu t r i en t  ava i l ab i l i t y  i n  d i f f e ren t  seasons  and  yea rs ,  t he  f rac t i on  o f

t ime below 14oC is  a usefu l  quant i ty  to  keep in  mind whi le  examin ing

these  h i s t o r i es .
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The isopleths of  temperature and nutr ient  versus depth at  the

insho re  s ta t i ons  a re  d i sp layed  i n  F igu res  4 -4  and  4 -5 .  They  c lea r l y
show the  d i s t r i bu t i on  o f  t hese  phys i ca l  va r i ab les  w i th  dep th .  Tne

change in  the d i f ference between sur face and bot tom temperature (At)

ove r  va r ious  mon ths  can  eas i l y  be  seen  i n  F igu re  4 -4 .

4 .1 .1 .  I n te rna l  waves

Just  as the in ter face between a i r  and water  at  the sea sur face is
d i s tu rbed  by  waves ,  so  a re  i n te rna l  i n te r faces  be tween  dens i t y  s t ra ta
in  the water  co lumn.  More compl icated but  essent ia l l -y  s imi lar  waves
occur  i .n  an overa l l  densi ty  gradient  wi thout  sharp in ter faces.
rnternal  waves of f  san onofre may be as much as a few meters h igh,
comparable to  sur face waves,  but  they have much smal ler  wave
ve loc i t i es  (on  the  o rde r  o f  t 0  cm/sec )  and  much  longer  pe r iods ,

ranging f rom tens of  minutes up to  t ida l  per iods of  L /2 day and one
day.  The most  impor tant  are the t ida l  in ternal  waves,  which or ig inate
at  the shel f  break and advance toward the shore:  these are act ive in
summer  when  s t ra t i f i ca t i on  i s  g rea tes t .

As  a  resu l t  o f  i n te rna l  waves ,  ve r t i ca l  p ro f i l es  o f  wa te r
p rope r t i es  can  change  s ign i f i can t l y  f rom hour  to  hou r ;  t h i s  shou ld  be
kept  in  mind in  in terpret ing measurements.  In ternal  waves in
nearsho re  wa te rs  can  pe r iod i ca l l y  ra i se  the -nu t r i c l i ne  a  few  me te rs
above  i t s  mean  leve1 ,  b r i ng ing  nu t r i en ts  c lose r  t o  sho re  than  they
would otherwise reach.  High in ternal  waves can a lso break as they
approach the shore,  contr ibut ing to  nearshore ver t ica l  mix ing.

4 .L .2 .  Upwe l l i ngs  and  Downwe l l i ngs

The  ve loc i t i es  o f  cu r ren ts  nea r  t he  sho re  o f f  San  Ono f re ,  i n
to ta l  wa te r  dep ths  o f  20  m o r  l ess ,  a re  ma in l y  con t ro l l ed  by  a  ba lance
o f  bo t t om s t ress  aga ins t  su r f ace  s l ope  o r  w ind  s t r ess ;  as  a  r esu l t ,
ve loc i t i es  genera l l y  f a l1  o f f  w i th  dep th  and  app roach  ze to  nea r  the
bo t tom.  The  ro ta t i on  o f  t he  ea r th  acce le ra tes  mov ing  wa te r  t o  the
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r ight  o f  i ts  path in  propor t ion to  i ts  ve loc i ty .  The faster  moving

uPper layers of  a  downcoast  current  wi l l  be more s t rongly  accelerated

o f f sho re  than  the  l ower  l aye rs ,  p roduc ing  an  o f f sho re  f l ow  o f  su r face

water  which is  rep laced by an onshore f low of  deeper  water .  This

c i rcu lat ion would cont inue in  uni form water ,  but  when temperature and

densi ty  are s t rat i f ied a new balance can be s t ruck wi th  nearshore

r^ la ter  co lder  than the water  of fshore at  the same depth.  Events of  th is

sor t  are ca l led upwel l ings,  and are a pr inc ipa l  means by which

nutr ients  are brought  in to shal low nearshore waters.  Events of  the

opposi te  k ind,  wi th  upcoast  currents  leading to  an accumulat ion of

warm sur face water  near  the shore,  are ca l led downwel l ings,  and

depr ive the nearshore waters of  nut r ients .  Major  events take t ime to

develop,  and do not  t rack current  f luctuat ions faster  than a day or

two;  the larger  events genera l ly  do not  last  more than a week or  ten

days .

Upwe l l i ngs  o f f  San  Ono f re  become no t i ceab le  w i th  the  onse t  o f

s t ra t i f i ca t i on  i n  March  o r  Ap r i l ,  as  so ra r  hea t i ng  o f  t he  sea
( inc lud ing photosynthet ic  rad iat ion)  increases f rorn i ts  winter

min imum. Upwel l ings that  come c lose to  the sur face in  shal low water

may cont inue to  occur  through mid Ju ly ,  the season of  maximum

insolat ion,  but  are rare in  la te summer because st rong downcoast  winds

are less f requent  and the th icker  layer  of  warm sur face water  is

harder  to  break through.  August  and september,  in  fact ,  moy be marked

by nearshore dor^ lnwel l ings in  which the temperature at  14 m depth

approaehes 20oC.

4.  1 .  3 .  E! Nino

The occurrences of  upwel l ings and downwel l ings are descr ibed

above in  very genera l  terms because they may vary great ly  f rom year  to
yea r r  o r  ove r  l onge r  cyc les  o f  seve ra l  yea rs .  The  g rea tes t  i n te rannua l

va r iab i l i t y  comes  f rom E l  N ino  even ts ,  wh ich  may  a f fec t  a  s ing le

season  o r  ex tend  ove r  two  success i ve  yea rs .  The  immed ia te  cause  o f  E1
Nino events is  a  s lackening of  the t rade winds over  the Paci f ic  Ocean.
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Normal ly  the t rade winds dr ive t rop ica l  sur face water  to  the west ,

mainta in ing a th ickened wedge of  warm, c lear ,  and nutr ient  poor  water

on  the  As ian  s ide  o f  t he  Pac i f i c ,  I f  t he  w inds  s lacken  fo r  seve ra l

months or  more,  the water  in  th is  wedge f lows eastward in  a massive

internal  surge and p i les up on the Arner ican s ide of  the Paci f ic ,

ra is ing nean sea level  by as mueh as 10 or  20 cm, ra is ing temperature

by as much as 2 or  3oC,  and submerging the nearshore nutr ic l ine to

dep ths  o f  seve ra l  t ens  o f  me te rs .  I t  i s  t h i s  dep ress ion  o f  t he

nutr ic l ine which removes nutr ients  f rorn the base of  most  mar ine food

cha ins ,  w i th  se r ious  resu l t s  f o r  popu la t i ons  o f  mar ine  f i sh  and  b i rds .

The s lackening of  the t rade winds a lso a l lows the wester ly  winds of

the temperate zones to  encroach on the t rop ics,  causing unusual ly

severe s torms and ra in on the west  coasts  of  the Arner icas in  lower

l a t i t udes .

The years of  deta i led oceanographic  record ing near  SONGS extend

f rom T976  th rough  1986 .  I n  the  m idd le  o f  t h i s  pe r iod ,  and  as  SONGS

Uni ts  2 and 3 went  f rom test ing to  fu l1  operat ion,  an ext reme El  Nino

event  occurred,  s tar t ing in  the la te summer of  L982 and last ing
through the summer of  f984.  This  event  was comparable to  prev ious

even ts  i n  1957-8 ,  L94L-2 ,  and  1914-15 ,  i nd i ca t i ng  a  mean  recu r rence

in te rva l  o f  someth ing  ove r  20  yea rs  fo r  such  ma jo r  even ts .

Dur ing  the  E l  N ino  pe r iod  (1982-84 ) ,  seve ra l  c ru i ses  were
conduc ted .  Da ta  f rom these  c ru i ses  a re  used  he re  to  i den t i f y  t he
major changes in natural environment associated with the E1 Nino
even t .  The  da ta  used  he re  a re  f rom s ta t i ons  30  to  100  m wa te r  dep th ,

a t  5  to  7  km o f f sho re  f rom the  , sho re l i ne .

F igu res  4 -6  th rough  4 -8  p resen t  i sop le ths  o f  t he  fo l l ow ing

va r iab les :  N03  +  No2  ve rsus  dep th  ove r  t ime ,  No3  *  NOZ ve rsus

temperature over  t ime,  temperature versus depth over  t ime,  and

sa l i n i t y  ve rsus  dep th  ove r  t ime .  These  p lo t s  a re  a  compos i te  o f  da ta
taken at  severa l  s tat ions in  the s tudy atea.  The contours are drawn to
min imize gradients  and wi thout  re ference to  other  data in  order  to

L7
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avoid in terpretat ive contour ing as mueh as poss ib le .  The cru ise dates

are shown by t icks on the contours.  When no data is  avai lab le,  we

extended the contours by a dot ted l ine to  show the genera l  t rends.

The  fo l l ow ing  i s  an  i n te rp re ta t i on  o f  t h i s  da ta :

1.  EI  Nino appeared in  September L982 wi th  the arr iva l  o f  a  water  mass

a t  13 - t6oC and  a  l ow  sa l i n i t y  o f  33 .20  wh ich  dep ressed  the  top  o f  t he

nutr ic l ine to  30 m.  This  water  came f rom about  500 km of fshore f rom

the  wes t - sou thwes t  ( see  Ca lca f i  A t l as  l l 3Q ,  Lynn  e t  a l  1982) .

Z.  In  December 1982,  th is  mass was replaced by a very homogeneous mass

a t  16 -17oC  w i t h  sa l i n i r y  o f  33 .60  ( see  F igu re  4 -8 ) .

3 .  Temperature fe l1  by 1o to  Zoc in  March 1983.  St rong winds b lowing

downcoast  in  la te March and ear ly  Apr i l ,  1983,  produced an upwel l ing

that  brought  the nutr ic l ine up to  20 m and led to  a phytoplankton

bloom. By mid-Apr i1 ,  winds b lowing onshore and upcoast  caused

downwe l l i ng  w i - th  a  b r i e f  re tu rn  o f  l ow  sa l i n i t y  wa te r ,  be low  33 .30 .

4.  Another  upwel l ing at  the end of  May ra ised the nutr ic l ine again to

abou t  20  m (now a t  t he  unusua l l y  h igh  tempera tu re  o f  14 .5oC) ,  where  i t

remained through May and early June, when a second bloom may have

occu r red .  Sa l i n i t y  was  above  35 .45  th roughou t  t h i s  t ime .

5 .  Dur ing  June  and  Ju I1 ' ,  a  t h i ck  m id -wa te r  mass  rees tab l i shed  i t se l f

be l -ow  the  sunmer  the rmoc l i ne ,  a t  L4 -L7oC w i th  sa l i n i t y  abou t  33 .35 ,
and the nutr ic l ine gradual ly  fe l1  to  below 30 m agai r . .  Th is  return of

El  . I l ino condi t ions iu tens i f  ied through the next  two months.  By rn id-

September,  the nutr ic l ine was down to 60 m,  where the temperature was
jus t  be low  16oC,  and  m idwa te r  sa l i n i t y  was  aga in  down  to  33 .30 .

Condi t ions remained about  the same through the end of  November,  when

the  nu t r i c l i ne  was  s t i I l  a  l i t t l e  be low  40  m and  m id -wa te r  sa l i n i t y

be low  33 .40 .  Th i s  was  t he  s ta te  un t i l  t he  end  o f  1983 .

z2



il
I
I
il
I
t
rl

I
I
I
I
I

fl
rl
I

I
I

6 .  The  dec l i ne  o f  E l  N ino  occu r red  i n  ea r l y  1984

was  v i r t ua l l y  ove r .

By summer,  EI  Nino

Minor  EI  Nino events are a lso recognizable,  recurr ing on the

average about  once in  every 5 years.  One such event  began la te in

1986,  wi th  tenperatures at  depths of  14 m remain ing above l6oC through

the  end  o f  t he  yea r .

4.2.  l r rad iance,  Ext inct ion,  and Seston

The in tens i ty  of  sunl ight  in  the sea fa l ls  o f f  exponent ia l ly  wi th
dep th :  t ha t  i s ,  i t  dec reases  by  a  f rac t i on  o f  i t se l f  w i th  each  me te r  o f
i nc reas ing  dep th .  The  f rac t i on  o f  l i gh t  l os t  pe r  me te r  o f  dep th  i s

ca l l ed  the  ex t i nc t i on  coe f f i c i en t  K  ( * -1 ) ,  o r  s imp ly  the  ex t i nc t i on ;

i t  depends  a  l i t t l e  on  the  d i f f useness  o f  t he  l i gh t ,  bu t  ma in l y  on  the
absorpt ive proper t ies of  the water  and 'of  the d issolved and suspended

mate r ia l  i n  i t .  o the r  op t i ca l  p rope r t i es  o f  t he  wa te r  such  as

tu rb id i t y  and  beam a t tenua t i on  coe f f i c i en t  depend  a l so  on  sca t te r i ng ,

and  do  no t  re l i ab l y  measure  the  ac tua l  dec rease  o f  i n tens i t y  w i th
dep th .

The measure of  l ight  in tens i ty  used j -n  th is  work is  ca l led

i r rad iance,  which is  shor t  for  downwel l ing p lanar  quantum i r rad iance
o f  pho tosyn the t i  ca l l y  ac t i ve  rad ia t i on .  Th i s  i s  t he  i n teg ra l  ove r  a l l
Cownward directions of the downward conponent of radiant energy f lux
in  the waveband 400 to 700 nanometers !  measured wi th  a detector  whose
sensi t iv i ty  is  propor t ional  to  wavelength.  s ince the energy of  a
photon is  inversely  propor t ional  to  i ts  wavelength,  th is  measure

e f fec t i ve l y  coun ts  the  pho tons  reach ing  the  de tec to r  pe r  un i t  o f  t imeo ;

the uni ts  of  i r rad iance are Einste ins per  square meter  per  day (n/ tn '

day ) ,  o r  t he  equ iva len ts  fo r  o the r  t i r ne  i n te rva l s .  One  E ins te in

reFresen ts  one  mo le  o f  pho tons  ava i l ab le  fo r  pho tochemica l  reac t i ons .

A t  S a n  O n o f r e ,  t h e  d a i l y  i r r a d i a n c e  a t  t h e  s e a  s u r f a c e ,  a v e r a g e d

over  day l igh t  and dark  hours ,  i s  genera l l y  about  50  n l^Z  day  in

23
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midsummer and about  2A Elmz-day in  midwinter  (see Figure 4-g) .  The

ext inct ion in  the local  nearshore waters is  h igh ly  var iab le,  go ing

f rom a min j .mum of  about  0.  I  m-  1 to  abo.r t  1  m- 1;  vo l , . r "s  betvreen 0.25 and

0 .4  m- I  a re  common ly  obse rved  i n  a l l  seasons .  W i th  a  su r face

i r rad iance of  33 g l^2 day,  the underwater  i r rad iance at  14 m depth

w i l l  be  c l ose  t o  l .O  E /nZ  day  when  ex t i nc t i on  i s  O .25  * -1 ,  and  abou t

0 .12  Y / ^2  day  when  ex t i nc t i on  i s  0 .4  m- I .  Th i s  r ange  f r omabou t  . 1  t o
t

I  E/m- day is the range in which the growth and reproduction of marine

plants  may be l imi ted by avai lab i l i ty  o f  l ight ,  depending on the

spec ies  i n  ques t i on  and  on  o the r  f ac to rs .  The  sea  bo t tom a t  14  m dep th

of f  San Onofre is  thus a more or  less marginal  env i ronment  for  mar ine

p lan ts ,  whose  success  w i l l  depend  on  the  vagar ies  o f  t he  Ioca l

ex t i nc t i on  coe f f i e ien t  .

The amount  of  b lue 1 ight ,  in  the range 400 to 5-20 nanometers,  ray

be  a  l im i t i ng  fac to r  i n  gametogenes is  o f  mar ine  a1gae .  F rom 117  days

o f  d i rec t  compar i son  o f  b lue  and  to ta l  quan tum i r rad iance  a t  13 .7  m

dep th ,  t he  ra t i o  R  o f  b lue  i r rad iance  to  the  to ta l  was  f i t t ed  to  the

re la t i on  R  =  . 31  I ' 17  w i t h  t 2  = .91 ,  g i v i ng  R  =  . 35  f o r  I  =  2n1m2  aay

and  R  =  .31  fo r  I  =  L  E lmZ day .  r2  g i l r . s  t he  f rac t i on  o f  t he  va r iance

o f  R  tha t  i s  exp la ined  by  the  above  mode l .

At  depths of  10 m or  more where the i ig l r t  is  wel l  d i f fused the

min imum ex t i nc t i on  i s  genera l l y  abou t  0 .2  m ' ,  due  to  abso rp t i on  by

the  wa te r  i t se l f  and  by  d i sso l ved  o rgan ic  p igmen ts .  Add i t i ona l

ex t i nc t i on  i s  due  to  suspended  pa r t i c l es  ( ses ton )  i n  t he  wa te r ;  t hese

are main ly  iner t  minera l  par t ic les in  the range of  s izes ca l led s i l t

( . 004  t o  . 062  mn) ,  w i t h  a  g rea te r  o r  l ess  f r ac t i on  o f  o rgan i c

par t ic les and phytoplankton.  Carefu l  measurements of f  San Onofre

have shown fa i r ly  c lose l inear  re la t ions between ext inct ion and the

c ross  sec t i on  o r  s imp ly  the  we igh t  concen t ra t i on  o f  t o ta l  ses ton  i n

the water ,  independent  of  the organic  content  o f  the seston ( the

minera l  par t ic les are smal ler  but  denser  and more absorpt ive than the

o rgan ic  pa r t i c l es  )  .
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The l inear  re la t ion between dai ly  ext inct ion K ( rn-11 ana seston

concen t ra t i on  S*  (me / l i t e r )  i s  g i ven  by
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w i t h  r '  =  . J1  ( see

pa r t i c l es  u t i l i z i ng

l (  =  . 264  +  . 0016  Sw

Re i t za l  e t  a I ,  L987 ,  Measuremen ts  o f  suspended

pump sys tem) .

Most  of  the t ime,  the immediate source of  suspended minera l

par t ic les is  the sediment  on the bot tom, which is  in termi t tent ly

resuspende.d by waves and swel ls .  The u l t imate sources of  th is

sediment  are the runof f  o f  r ivers and st reams,  and the eros ion of  the

backshore and b luf fs  by s torm waves.  The water  ve loc i t ies at  the sea

bot tom in  the back-and- for th  surges produced by waves are greater  in

shal lower  water ;  nearshore sediments are more of ten resuspended,  as

we l l  as  be ing  c lose r  t o  the  o r i g ina l  sou rces  on  sho re ,  so  the  ses ton

load  and  ex t i nc t i on  a re  genera l l y  l a rge r  c lose r  t o  sho re .  S ince  the

ses ton  con t i nua l l y  se t t l es  downward  i n  t he  wa te r  co lumn,  ses ton  l oad

and ext inct ion a lso genera l ly  increase toward the bot tom.

The  o r i g ina l  sou rces  o f  ses ton  a re  bo th  seasona l  and  l oca l i zed ;

the s i l t  gra ins that  predominate on the bot tom severa l  k i lometers f rom

shore probably  requi re at  least  severa l  or  perhaps many episodes of

resusPension by waves and t ranspor t  and d ispersal  by currents  to  reach

thei r  equi l ibr ium depth and d is tance f rom shore.  The great  var ia t ion

among t imes and places in the way extinction responds to wave episodes

indicates that  f iner- than-normal  parEie les on the bot tom in  depths up

to  14  m occu r  i n  t rans i to ry  pa tches .
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Figures 4-10 and 4-11 g ive t ime h is tor ies of  da i ly  i r rad iance at

14 m depth over  the years 1981-1986 at  two stat ions,  SMK45 and SOK45

(see  Sec t i on  3 ) .  These  show the  annua l  cyc le  o f  su r face  i r rad iance ,

wi th  episodic  changes due to var ia t ions in  ext inct ion.  They a lso show

the large overa l l  increase in  i r rad iance dur ing the El  Nino years,  due

to the large scale rep lacement  of  coasta l  water  wi th  oceanic  sur face

water  f rom severa l  hundred k i lometers of fshore.  Table 4-2 g |ves the

s ta t i s t i cs  o f  da i l y  bo t tom i r rad iance .
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4 .3 .  Cur ren ts

Figure 4-LZ shows dai ly  averages of  the longshore current
composi te  t ime ser ies p lot ted year  by year ,  s tacked.  above each other ,
for  the ent i re  data set  f rom L977 through 1986.  This  p lo t  c lear ly
shows the type of  var iab i l i ty  that  the SONGS region exper ienced over
the years on t ime scales f rom a few days to  many months.  Quant i ta t ive
s ta t i s t i ca l  ana lys i s  i s  done  i n  the  nex t  sec t i on  on  th i s  t ime  se r ies
but  many in terest ing features are readi ry  seen f rom th is
p resen ta t i on :

-  Downeoast  f luctuat ions occur  more of ten than upcoast
f l uc tua t i ons  i n  a l l  t he  yea rs .

-  upcoas t  cu r ren ts  pe rs i s t  t yp i ca l l y  f o r  on ry  a  few  days ,
occasional ly  last ing 10 days to  2 weeks whi le  downcoast  currents

Pers i s t  regu la r l y  f o r  one  to  two  weeks ,  somet imes  l as t i ng  a  mon th  o r
more .

-  St ronger  more pers is tent  downcoast  currents  occur  in  the summer
months compared to  the winter  months.

-  The years L979 and 1985 show the mi ldest  longshore
f l uc tua t i ons  on  da i l y  t ime  sca les ,  a  fac t  t ha t  i s  even  more
when examining variances .

current

apparent

4 .  3  .  1 .  Desc r i p t i ve  s ta t i s t i c s

Tables 4-3a and 4-3b show the s tat is t ics  of  the longshore current
(V)  and the cross-shore current  (U)  f r -om the composi te  t ime ser ies for
3 meters below the water  sur face (MLLW) for  to ta l  water  depths between
10  and  15  me te rs .  These  tab les  g i ve  the  mean  (pos i t i ve  upcoas t ) ,
s tandard deviat ion (STD),  maximum values in  the up and downcoast
d i rec t i ons ,  skewness ,  ku r tos i s ,  and  number  o f  hou r l y  da ta  po in t s ,
(N)  '  for  the ind iv idual  summers (Apr i l  -  September)  and winters
(October  -  March)  for  a l l  the summers and winters where data were
avai lab le.  Cummulat ive summer and winter  s tat i -s t ics  are a lso g iven.
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Tables 4 '4a and 4-4b g ive s imi lar  s tat is t ics  for  cur f ,ents  at

var ious depths in  the water  co lumn and three to ta l  water  depths,  < 10
mete rs ,  10 -15  me te rs ,  and  >  20  me te rs .  Measuremen ts  a t  t he  same wa te r
depth and depth f rom MWL are averaged together  to  construct  a  s ing le

rePresen ta t i ve  t ime  se r ies .  A l so  the  seasons  be tween  L978  and  1980
are  ave raged  toge the r  i n  t hese  s fa t i s t i cs  s ince  th i s  was  the  pe r iod

in which the arrays extended adequate ly  to  the var ious depths.  The
standard deviat ions and maximum values a l l  conf i rm that  current
f l uc tua t i ons  a re  S t ronger  as  one  noves  i n to  deeper  to ta l  wa te r  dep ths .
Near  sur face currents  are a lso more energet ic  than deeper  currents  in
any g iven to ta l  water  depth.

Tab le  4 -5  g i ves  add i t i ona l  s ta t i s t i cs  fo r  t he  l ongshore
comPos i te  t ime  se r ies  (hou r l y  va lues ,  measuremen ts  a t  3  m be low  mean
water  level )  showing the mean of  the downcoast  currents ,  the mean of
the upcoast  currents ,  and the percentage of  t ime that  downcoast  and
upcoas t  hou r l y  ave rages  were  obse rved .  Th i s  i s  o f  pa r t i cu la r  va lue  i n
assess ing  the  l i ke l y  exposu re  to  d i scha rged  wa te rs .  I t  shows  tha t
downcoast  cunents can dominate up to  757"  of  the t ime dur ing summer,
and never  below 54%.

Figures 4-13 and 4-14 show h is tograms of  U and V for  ind iv idual
seasons .  These  p lo t s  show a t  a  g lance  the  sp read  i n  ve loc i t y
f l uc tua t i ons  ove r  t he  seasons  and  ove r  t he  yea rs .  One  sees  tha t  bo th
summer cross shore and longshore currents  are spread over  a larger
veloc i ty  d is t r ibut ion than the i r  winter  counterpar ts .  This  may be
explained by energetic internal waves present in summer and
considerably  weaker  in  winte i .  Another  noteworthy feature is  seen in
the summer longshore currents .  The years L979 and 1985 are apprec iably
d i f ferent  f rom the other  years ind icat ing these were unusual ly  rn i ld
yea rs  w i th  respec t  t o  l ongshore  cu r ren t  f l uc tua t i ons .

F igures 4-L5 through 4-17 show m o r e  d e t a i l e d  h i s t o g r a m s  a n d

a l l  da ta ,  summer  and w in te r .cummula t i ve  d i s t r i bu t i on  d iag rams  fo r
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Corre lat ion matr ices of  V and U,  for  a l l  years are g iven in  the

Da ta  Summary ,  Vo l .  V I -3  (Re i t ze l  e t  a l ,  L987 ) .  We  no te  tha t

corre lat ion coef f ic ients  of  V are c lear ly  larger  in  genera l  than those

o f  U ,  and  i nc rease  w i th  the  to ta l  dep th  o f  wa te r .

4 .3 .2 .  Spec t ra  o f  t he  compos i t e t ime  se r ies

F igu re  4 -18  p resen ts  one -s ided  spec t ra  o f  t he  c ross  and

longshore current  components computed f rom the composi te  t ime ser ies

for  the per iod f rom January 1,  1984 through December 3L,  1985.  Hour ly

averaged values of  the currents  were used and each spectra l  est imate
has 32 degrees of  f reedom. The spectra of  U and V conta in notable
peaks  a t  L ,2 ,3 ,  4 ,  and  5  cpd  ( cyc l es  pe r  day )  co r respond ing  t o  t he
diurnal  t ide,  semi-d iurnal  t ide,  and the h igher  harmonics of  the t ida l

mot ions.  The longshore component  conta ins more var iance at  low

frequencies than the cross-shore component ,  ind icat ing a polar izat ion

of  the f low in  the a longshore d i rect ion.  The t ida l  components at  I  and

2 cpd a lso show th is  preference for  the a longshore d i rect ion,  a l though

not  qu i te  as s t rongly .  rn  the f requency range f rom 1 to  10 cpd,  the

cross-shore and longshore energ ies are s imi lar .  At  the low f requency
end  ( .  . 5  cpd ) ,  we  see  the  cha rac te r i s t i c  red  spec t rum;  the  s lope  o f

the l ine through the spectra l  est imates decrease as L l  f2 .  There is

some ind icat ion of  a  level ing of f  in  the spectrum of  the longshore
comPonents at  f requencies whose per iods are greater  than 30 days.
Very few t ime series taken anywhere in nearshore regions have been
able to  resolve these 1ow f requency features before now.

Another  in terest ing feature is  the re la t ive f la t  spot  in  the
spectra occurr ing between .3 and .7  cpd.  The dynamical  in terpretat ion
of  th is  may be that  local  wind events and storms last ing on the order

of  a  few days do not  input  s ign i f icant  energy d i rect ly  in to these

f reguency  bands .  rn  o the r  words ,  I oca1 ,  synop t i c  sca le  fo rc ing  i n

th is  area does not  account  fcr  much of  the observed var iance.  This  has

been  no ted  by  Len tz  ( r985 ,  1984)  i n  sou the rn  ca l i f o rn ia  she l f
c i r cu la t i on  s tud ies .
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Figure 4-L9 shows a co l lect ion of  spect ra for  U and V for  the

indiv idual  seasons f rom 1984 through 1986.  There are s ign i f icant

d i f ferences f rom season to season in  the heights  and widths of  the

t ida l  peaks at  1  and 2 cpd.  This  appears to  be a ref lect ion of  how wel l

t ida l  forc ing couples wi th  the local  c i rcu lat ion.  One such coupl ing

is through internal waves that are supported in the water column when

the re  i s  su f f i c i en t  s t ra t i f i ca t i on .  One  can  see  i n  these  spec t ra  tha t

the energies at 1 and 2 cpd for both U and V are higher in summer than

thei r  counterpar ts  in  winter .  A lso v is ib le  in  these p lots  are the
summer/winter differences in energy at the harmonics of the t ides.

Especial ly large is the energy at 3 cpd during summer relative to

winter .  These harmonics,  be l ieved to  be generated by nonl inear

in teract ions of  the in ternal  t ides,  have a lso been observed by Winant
( re81) .

An average spectra of U and V for the surnmer and winter seasons is
presented in  F igure 4-2O. In  order  to  examine how the energy of  the
current  f luctuat ions is  spread out  amoung var ious f requency bands and

to quant i ta t ive ly  compare summer and winter ,  we d iv ide our  f requency
range  in to  fou r  bands :  l ow  f requency  ( .  . 8  cpd ) ,  a  d iu rna l  band  ( .8  -

1 .6  cpd ) ,  a  sem i ' d i u rna l  band  (1 .6  -  2 .4  cpd ) ,  and  a  h i gh  f r equency
band  ( ,  2 .4  cpd ) .  Tab le  4 -5  g i ves  a  summary  o f  t he  va r iance  es t ima tes

i r .  the four  f requency bands for  the longshore and cross shore current

components.

4 .3 .3 .  Pe rs i s t ence o f longshore current

Durat ion is  def ined he.re as the number of  successive hours over

which the hour ly  mean veloc i ty  of  current  remains wi th in  a speci f ied

range.  Two k inds of  d is t r ibut ions are of  in terest  for  d i f ferent

PurPoses.  One k ind is  s imply  a p lo t  o f  how many durat ion events n(k)

of  length k  occurred per  year  of  record.  P lots  of  th is  k ind are shown

in  I ' i gu re  4 -2L  f o r  t he  ve loc i t y  r anges  iV l  <3  cm/sec ,  lV l  <5  cm/sec ,

lV l  <0 ,  and  lV l  >0 .
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They show, for  example,  that  s lack water  lV l  <3 last ing for  12 hours or

more may be expected I0  t imes a year  on the average,  or  that  upcoast

currents  lv l  >0 last ing more than 3 days may be 5 t imes a year ,  whi le

downcoast currerrts, lasting over 3 days may be bxpected 12 t imes a

yea r .

The other  k ind of  d is t r ibut ion is  the f ract ion of  a l l  the hours

having ve loc i t ies wi th in  the range,  which is  involved in  durat ion-

events of  length k  ;  that  is ,

f  ( k )  =  kn (k )  / kn ( k ) .

The curngl-4_lql le**qlgtr ibution of the above density { istg:,b_ution is

shown in  F igure 4 '22.  The resul ts  presented in  th is  f i 'gure can be used

in  con junc t i on  w i th  the  cumu la t i ve  d i s t r i bu t i on  o f  V  (F igu re  4 -16 )  t o

est imate the percentage of  t ime longshore currents  f low between two

ve loc i t y  l im i t s  (upper  and  l ower  l im i t s )  w i th  assoc ia ted  du ra t i on
(du ra t i on  range) .

r?r
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4.4 Waves

Th is  sec t i on  p resen ts  wave  s ta t i s t i cs  fo r  s ign i f i can t  wave
he igh t s  f r om awave  c l ima te  s ta t i on  l oca ted  1 .8  km o f f  SONGS,  i n  12m

of  water .  The recorded wave induced pressure at  the level  o f  the
senso r  i s  used  to  es t ima te  the  s ign i f i can t  wave  he igh t .  Desc r ip t i ons

of  the inst ruments and ' the analys is  techniques adopted for  th is  s tudy
a re  g i venby  Re i t ze l  e t  a l  ( 1987 ,  Vo I .  IV ,  Sec t i on  4 .3 .2 ) .

F igure 4-23 shows dai ly  average s ign i f icant  wave height  n  p lo t ted
year  by  yea r ,  f o r  t he  en t i re  da ta  se t  f rom L977  th rough  1986 .  Th i s
f igure shows that  the d i f ferences between ind iv idual  years are larger
than the usual  d i f ferences between seasons;  waves h igher  than 3 meters
$tere not  recorded except  dur ing the winter  1982-83,  when they occurred
s i x  pe rcen t  o f  t he  t ime ;  waves  l ower  than  .75  m were  ra re  be fo re  1985 ,
but  were f requent  or  even predominant  the ent i re  season of  1985-86.
The  pe r iod  be tween  May  and  December ,  1985 ,  was  assoc ia ted  w i th  ca lm
wave  cond i t i ons .

F igures 4-24 and 4-25 g ive the f requency and the cumulat ive
dis t r ibut ion for  the dai ly  average s ign i f icant  wave height  for  a l l
da ta '  summer  and  w in te r  seasons .  I n  t hese  f i gu res ,  we  i nd i ca ted  the
mean ,  s tandard  dev ia t i on  ( s rD) ,  roo t  mean  square  (Hr * " )  o f
s ign i f i can t  wave  he igh t  ove r  t he  yea rs  1981-1986 ,  and  the  number  o f
da i l y  da ta  po in t s  (N ) .  No t i ce  tha t  t he  d i f f e rence  be tween  the  means
of  s ign i f icant  wave height  in  winter  and suulmer seasons are sma1l .
The seasons may be equal ized by the greater  f requency of  swe1ls  f rom
souther ly  d i reet ions in  the 'sum(ner  and the occurrence of  very h igh and

frequent  waves in  winter .  This  is  in  agreement  wi th  va lues of
s tandard deviat ion for  summer and winter  seasons.
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4 .5  W inds

Sou the rn  Ca l i f o rn ia  ( l a t i t ude  320  to  35o  N)  l i es  i n  t he  no r the rn
par t  o f  the doldrum bel t  between the wester ly  winds to  the nor th and

the  no r theas t  t rade -w inds  to  the  sou th ;  i t s  mos t  pe rs i s ten t  f ea tu re  i s
a s t rong h igh pressure center  f requent ly  at  about  35o N r40o w
featur ing s ink ing a i r  and ar id  c l imate.  Dur ing normal  years,  the
whole wind system shi f ts  southward wi th  the thermal  equator  in  winter ,
br ing ing winter  s torms wi th  wester ly  wind,  ra i r r  and waves.  Unusual
even ts ,  such  as  the  E l  N ino  even t  o f  1982-83 ,  a re  p robab ly  ex t reme
southward sh i f ts  o f  the same k ind,  due to  dec l ines in  the s t rength of
the h igh pressure center  and the nor theast  t rades in  the eastern Nor th
Pac i f i c .

Wind records at  SONGS

VI -3  (Re i t ze l  e t  a l ,  1987 )

d i rec t i on  (w ind  roses  )  f o r

the  fo l l ow ing :

f rom 1981  th rough  1986  a re  shown  in  Vo l .

a long wi th  the d is t r ibut ion of  the wind

summer and winter  seasons.  Noteworthy are

1 .  The  pe r iod  be tween  December  19 ,  L982  and  March ,  1983 ,  a re
character ized by the f requent  occurrence of  winds wi th  speeds greater

t han  5  m /sec .

2.  Winter  winds are main ly  f rom the nor th,  whi le  summer winds can
come f rom a  semi -c i r c le  d i rec t i on  f rom the  wes t .  Because  w inds  b low
main ly  f rom uPcoast ,  there are of ten chronic  upwel l ings on the coast .
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4.6 Runof f  and Fine Sediments

The  p r i nc ipa l  supp ly  o f  f i ne  sed imen ts  ( s i l t  and  c lay  s i zes  o f

g ra in  d iamete r  <  .062  mm,  Q  >  4 )  t o  t he  nea rsho re  she l f  o f f  San  Ono f re

comes f rom suspended gra ins carr ied in  rhe runof f  o f  creeks and r ivers

in  the  reg ion .  Th i s  runo f f  i s  h igh l y  ep i sod ic ,  w i th  nea r l y  a l l  t he

tota l  vo lume of  s t rean d ischarge coming f rom f lood per iods of  a  few

days fo l lowing winter  ra instorms in  unusual ly  wet  years.  S ince the

totaL sediment  load carr ied by a s t ream increases a lmost  as the square

of  the d ischarge,  the supply  of  sediment  is  even more h igh ly
concentrated in  ext reme events.  Table 4-7 ,  adapted f rom Gayman
(1986) '  g i ves  es t ima tes  fo r  t he  supp ly  o f  f i ne  sed imen ts  f rom each
pr inc ipa l  sou rce .  Coas ta l  e ros ion  by  waves  ,  t oge the r  w i th  l ongshore

t ranspor t  in  the sur f  zone,  is  the main source of  beaCh sand on th is

coas t .  However ,  t he  tab le  shows  tha t  coas ta l  e ros ion  i s  a  l ess

impor tant  source of  f ine sediments than 1oca1 st reams.

Figure 4-25 shows the h is tory  of  ra in fa l l  a t  San Onofre f rom mid-

L97L through 1986,  and Figure 4-?7 shows the annual  runof f  ( the vo lume
o f  d i scha rge  d i v ided  by  the  a rea  o f  t he  wa te rshed)  fo r  a l l  t he  ma jo r

st reams between Dana Point  (about  20 km upcoast  f rom San Onofre)  and

Oceans ide  (abou t  30  km downcoas t ) .  I n  t he  se r ies  o f  compara t i ve l y  d ry
yea rs  f rom L97O th rough  L977 ,  runo f f  was  a  ve ry  sma l1  and  va r iab le

f rac t i on  o f  ra in fa1 l ,  wh ich  wen t  mos t l y  t o  evapora t i on ,

t ranspi rat ion,  or  groundwater  s torage in  the watersheds.  In  the more

ra iny t imes s ince L977,  runof f  became much more uni form among

watersheds and rose to  a h igher  f ract ion of  the ra in fa l l ,  exceeding

one- th i rd  in  some years

The y ie lds of  to ta l  sediments and f ine sediments f rom San Juan

Creek were found d i rect ly  by the USGS through regular  measurernents of

to ta l  suspended  ma te r ia l  i n  t he  d i scha rge  w i th  g ra in -s i ze  ana lyses  o f

th is  mater ia l  f rom t ime to t ime.  Table 4-8 shows the annual  d ischarge

and  y ie lds  fo r  San  Juan  Creek  fo r  1974-84 .
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TABLE 4-7

SUPPLY OF FINE SEDIMENTS TO THE SEA
(Thousands  o f  rne t r i c  t ons  )

WATERSHED MAX. DAILY MAX. ANNUAL 11-YEAR TOTAL
L97  4 -  1984

I
l
I
t
t
I

San Juan Creek and

tr ibutar ies (  500 i . ,n2 )

San Mateo Creek and San

Ono f re  Creek  (350  l cmz)

Las F lores and Other

Creeks ( 200 i.r2 )

Santa Margar i ta  and San

Lu is  Rey  R ive rs  (3400  L *2 ;

E ros ion  o f  Coas ta l  Qu l l i es

E ros ion  o f  Sea -C l i f f s

Sewage  Ou t fa l l

350

204

100

250

50

50

.02

850

200

150

900

t50
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ANNUAL
(Year  by Year

TABLE 4-8

DISCI{ARGE AND YIELDS
Records f rom San Juan Creek)

SAN JUAN CREEK

,
(300  km ' )

ANNUAL RUNOFF

( cent imeters )

ANNUAL TOTAL
SEDIMENT SUPPLY

( thousands  o f

ANNUAL FINE
SEDIMENT SUPPLY

met r i c  t ons )

i
. , i

I
I
I
I
I
I
I
I
l
I
I
I
il
I
I
t
i
I

L97 4

L97 5

L97 6

L977

L978

L979

1980

19B  1

T982

1983

L9B4

0.9

L .4

0 .4

0 .4

28 .  1

10 .  I

43  .8

0 .9

3 .6

23 .0

3 .1

0 .5

2 .L

o.2

0.2

561 .0

48  .0

877  .O

0.6

L6 .2

209 .O

2.O

0.4

L .2

0 .1

0 .2

496 .0

39 .0

41 .0

0 .6

11 .4

98 .0
-  

1 .3

60
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The  yea rs  i n  t h i s  t ab le  and  i n  F i gu re  4 -27  a re  so -ca l l edwa te ryea rs ,

beginning on the prev ious October  1,  so that  water  year  L978,  for

i ns tance ,  i nc ludes  the  who le  w in te r  o f  L977-78 .  Sed imen t  l oads  were

measured  on l y  occas iona l l y ,  i f  a t  a l l ,  on  o the r  s t reams ,  and  the

es t ima tes  fo r  o the r  s t reams  in  Tab le  4 -7  a re  made  by  ex t rapo la t i ng

y ie lds per  un i t  area of  watershed f rom San Juan Creek.  S ince runof f

becomes fa i r ly  un i form in  wet  years,  and sediment  y ie lds per  un i t  area

show fa i r l y  h igh  1og -1og  co r re la t i ons  w i th  runo f f ,  t h i s  me thod  i s
adequate for  approx imat ing annual  y ie lds in  wet  years.  San Juan Creek
brought  down 575 thousand metr ic  tons of  f ine sediment  f rom 300 kn2 of

wa te rshed  i n  the  wa te r  yea rs  1978-80 ,  so  we  can  es t ima te  tha t  a l l  t he
creeks nor th of  San Onofre brought  down about  1500 thousand metr ic

tons  f rom 850  k r2  o f  genera l l y  s im i l a r  wa te rshed  i n  1978-80 .

S im i la r l y r  w€  can  es t ima te  tha t  a l l  t he  c reeks  no r th 'o f  San  Ono f re

brought  down about  250 thousand metr ic  tons of  f ine sedments in  water
yea r  1983 .

The resul ts  of  an extensive program of  sediment  cor ing of f  San
Ono f re  a re  summar i zed  i n  a  se r ies  o f  maps  by  Barne t t  e t  a1  (1986) .  The
bulk  of  most  sediments beyond the sur f  zone of f  San Onofre is  made up

o f  g ra ins  w j - th  s i zes  no t  ve ry  fa r  f rom the  sand-s i l t  boundary  ( . 062

mm)  on  e i t he r  s ide ,  and  the  s i l t - c l ay  pe rcen tage  i s  a  sens i t i ve

ind icator  o f  changes that  are d i rect ly  measured in  gra in-s ize

ana lyses .  F igu re  4 -28  shows  con tou rs  o f  s i l t - c l ay  pe rcen tage  on  the
7 .6  m i soba t ' h r  on  a  p lo t  o f  t ime  and  d i s tance  downcoas t  f rom SONGS.

F igu re  4 -29  shows  the  same fo r  s i l t - c l ay  pe rcen tage  on  the  18 .3  m
isobath,  about  700 m of fshore of  the San Onofre ke lp and the end of  the
d i f f use r  l i nes

A t  7 .5  m,  the  mos t  no tab le  even ts  (as ide  f rom a  s ing le  abe r ran t
po in t  a t  X=7000  m,  1983)  a re  the  r i ses  above  30  7 "  a round  X=2000  m in

1980-Br  and  1983-84 .  The  r i se  to  38 " / "  i n  t he  sp r ing  o f  1980  was
accomPanied by a marked decrease in  the sor t ing of  sediments near  San

Onofre,  beginning at  s tat ions 2.5 km upcoast  in  March and spreading to

s ta t i ons  more  than  3  km downcoas t  i nMay .  A t  18 .3  m,  the re  was  a

6 l
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s t r i k i ng  ove ra l l  i nc rease  i n  s i l t - c l ay  pe rcen tage  ove r  t he  yea rs  f rom

genera l l y  be low  307"  be fo re  1983  to  genera l l y  above  507"  a f te r  L982 .  As

a t  7 .5  n ,  t he re  we re  no tab le  I oca1  i nc reases  a t  X=1000 -2000  r ,  3  r i se

to  abou t  70 " / "  Ln  1980  tha t  genera l l y  pe rs i s ted  a f te rward ,  and  a  fu r the r

inc rease  above  80% th rough  1983-84

These  ma t te rs  a re  cons ide red  fu r the r  i n  Vo l .  I I - 2 ,  i n  t he

chap te rs  on  the  e f fec ts  o f  SONGS cons t ruc t i on  and  o f  t he  sand- re lease

o f  1984-5 .  Speak ing  he re  o f  na tu ra l  changes  on l y ,  we  no te  tha t  t he

changes  i n  so r t i ng  a t  7 .5  n  i nd i ca te  tha t  t he  1980  inc rease  i n  s i l t -

c lay percentage was due to an in f lux of  f ines f rom upcoast .  The

inc rease  cou ld  be  genera l l y  due  to  the  h igh  runo f f s  beg inn ing  i n  L978 ,

a r r i v i ng  w i th  a  de lay  o f  a  yea r  o r  two ,  o r  f rom the  runo f f  o f  1980  i n

Par t i cu la r ,  a r r i v i ng  a f te r  a  few  mon ths ,  l i ke  the  i nc reases  i n  1983

wh ich  a re  c lea r l y  assoc ia ted  w i th  the  runo f f  o f  t he  same yea r .

The  ove ra l l  i n c rease  i n  s i l t - c l ay  pe rcen tage  a t  1S .3  m  i n  t he

reg ion  downcoas t  o f  San  Ono f re  can  p robab ly  be  a t t r i bu ted  to  the

end ing  o f  t he  l ong  cyc le  o f  d ry  yea rs  f rom L97A th rough  L977 .  du r ing

which f ines were s innowed and d ispersed fur ther  of fshore by waves

w i thou t  be ing  rep laced  by  runo f f .  The  reg ion  f rom abou t  3  to  5  km

downcoas t  f rom San  Ono f re  l i es  o f f  a  ve ry  sna l l  1oca l  wa te rshed  m idway

be tween  San  Ono f re  and  Las  F lo res  Creek .  The  pa t te rn  o f  i nc reases  a t

18 .3m a f te r  L982  shows  a  m in imum in  th i s  re l i on ,  w i th  ev idence  o f  an

in f l ux  o f  f i nes  f rom the  no r th  (upcu r ren t  )  and  a  sma l l e r  i n f l ux  f rom

the  sou th .  The  reason  why  s i l t - c1ay  pe rcen tage  a t  bo th  dep ths  tends

to  be  h ighes t  a round  X=2000  in  i s  no t  ev iden t .
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5 .  SUMMARY OF MAJOR OCEANOGRAPHIC EVENTS

The ocean envi ronment  at  SONGS is  marked by the d.ec l ine and

re tu rn  o f  dens i t y  s t ra t i f i ca t i on  resu l t i ng  f rom the  va ry ing

tempera tu re  d i f f e rence  be tween  su r face  and  bo t tom wa te rs  ( see  Sec t i on

4 .1 ) .  Summer  i s  gene ra l l y  cha rac te r i s t i c  o f  h i gh l y  s t r a t i f i ed

wa te rs .  Tha t  iS ,  t he  tempera tu re  d i f f e rence  be tween  su r face  and

bo t tomwate rs  i s  g rea t .  Du r ing  January  and  Februa ry ,  t he  tempera tu re

d i f f e rence  i s  ve ry  sma l1 .  A t  t he  end  o f  March  these  d i f f e rences  s ta r t
t o  bu i l d ,  and  res t ra t i f i ca t i on  i s  accomp l i shed  by  the  end  o f  Ap r i l .

Th i s  seasona l  cyc le  i s  i n te r rup ted  by  pe r iods  o f  upwe l l i ng ,

downwe l l i ng ,  wave  s to rms ,  w ind  s to rms ,  and  E l  N ino  even ts .  The

fo l lowing g ives the d is t inct ive events which occurred at  the San
Ono f re  a rea  du r ing  the  pe r ioc i  1981-1986 :

1 .  I n  1981 ,  f r o rn  ea r l yAugus t  un t i l  t he  end  o f  Oc tobe r  1981  (a

month per iod) ,  the dai ly  mean current  a t  San Onofre was in  the

downcoas t  d i rec t i on ;  t he  ave rage  cu r ren t  speed  was  20  cm lsec .  Th i s

an  unusua l l y  l ong  pe r iod  o f  t ime  w i thou t  a  cu r ren t  reve rsa l .

2 .  EL  N ino  a r r i veda t  San  Ono f re  i n  Sep tember  o f  1982 .  Amass  o f
water  of  low sal in i ty  and low nutr ient  concentrat ion came f rom about

500  km o f f sho re ,  f rom the  wes t / sou thwes t .  Th i s  mass  was  succeeded  in
December  by  warmer  wa te r  (16o  -  17oc )  equa l l y  l ow  in  nu t r i en ts .  The
coasta l  water  remained abnormal ly  warm and low in  nut r ients  through

1983 ,  excep t  f o r  two  upwe l l i ngs  i n  Ap r i l  and  May ,  1983 ,  wh ich
perm i t t ed  phy top lank ton  b looms  and  a  1oca l  rec ru i tmen t  o f  ke1p .  The

dec l i ne  o f  E I  N ino  occu r red  by  the  sp r ing  o f  1984 .

3 .  January  and  Februa ry  o f  1983  were  pe r iods  o f  seve re  w in te r
storos,  heavy winds,  ra in  and h igh waves.

4 .  S t a r t i n g  w i t h  t h e  o p e r a t i o n  o f  U n i t s  2  a n d  3  ( a t  t h e  e n d  o f

L 9 8 2  a n d  t h e  b e g i n n i n g  o f  1 9 8 3 ) ,  t h e r e  w e r e  c h a n g e s  i n  t h e  v i c i n i t y  o f

3-
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t he  d i f f use rs  i n  t he  b i o l og i ca l  popu la t i ons  ( see  Ba rne t t  e t  a l ,  1987 ;

Deane t  a l ,  1987 ;  Sch roe te re t  a l ,  1987 ;  DeMar t i n i  e t  a l ,  L987  )  as  we l l

as  no t i ceab le  i nc reases  i n  su r f ace  wa te r  t u rb i d i t y  ( see  Vo l . I I - 2 ) .

There were a lso changes in  the f low f ie ld  pat terns and a reduct ion of

I i gh t  l eve l  a t  t he  oeean  bo t t om ( see  Vo l . IT I - f ) .

5 .  I n  Augus t  and  ea r l y  Sep tember  o f  L984 ,  t he  su r face  tempera tu re

f requen t l y  exceeded  24oC fo r  seve ra l  consecu t i ve  days ,  Th i s  was  the

warmes t  pe r iod  s ince  1981 .  Tenpera tu res  d id  no t  f a l1 ' be low  22oC
dur ing  th i s  t ime .

5 .  Dur ing  the  summer  seasons  i  t he  tu rb id  l aye r  nea r  t he  bo t tom,

caused  by  pa r t i c l es  resuspended  by  waves  and  swe1 ls ,  i s  kep t  be tween  0
and  2  m above  the  bo t tom due  to  the  s t ra t i f i ca t i on  o f  t he  wa te r  co lumn
dur ing th is  per iod.

7 .  A  no tewor thy  phys i ca l  cha rac te r i s t i c  o f  t he  sp r ing  and  summer
of  1985 was the low temperature of  the nearshore water  co lumn compared,

to  that  in  the two prev ious summers.  1983 was an El  Nino summer wi th
warm and  nu t r i en t -poo r  cond i t i ons  i n  nea rsho re  wa te rs .  1984  was  a
yea r  o f  reco rd  h igh  tempera tu res ,  rema in ing  above  22oC th roughou t
Augus t  and  Sep tember .  However ,  su r face  tempera tu res  i n  1985  se ldom

exceed ,ed  2OoC (as  i n  t he  m id -June  downwe l l i ng ) ,  and  ove ra l l  ave raged

abou t  20C coo le r  t han  i n  the  p rev ious  yea r .

8.  The major  upwel l ing which happened in  the s tudy area dur ing

the  pe r iod  1981  th rough  1986  was  on  June  25 ,  1985 ,  i n  wh ich  bo th

su r face  and  bo t tom tempera tu les  fe I1  more  than  7oC in  l ess  than  f i ve

days ,  t o  14oC a t  t he  su r face  and  10oc  a t  t he  bo t tom.  Bo th  su r face  and

bo t ton  tempera tu res  re tu rned  to  va lues  a t  p rev ious  l eve1s  on  Ju Iy  3 .

The  second  s t ronges t  upwe l l i ng  i n  t he  a rea  came on  June  24 ,  1986  and

las ted  un t i l  June  28 .  The  su r face  tempera tu re  d ropped  5o  ( f rom 2O.3oC

to  15 . zoc ) ,  bo t t om tempera tu re  2 .Zoc  ( f r om 13 .7oc  t o  l l .Soc ) .
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9 .  rn  genera l ,  t he  pe r iod  o f  Ap r i1 ,  1985  th rough  Ju l y  l ,  1985  was
a t ime of  nut r ient  enr ichment  for  the ke lp beds.  This  condi t ion

changes sharp ly  af ter  JuIy  1 when bot tom temperatures rose above 14oC
and  essen t i a l l y  s tayed  the re  un t i lMarch  1986 .  Th i s  i s  more  o r  l ess  a
seasona l  sh i f t  f r om a  nu t r i en t - r i ch  p roduc t i ve  pe r iod  (Ap r i l - Ju l y )  t o
a  pe r iod  o f  reduced  nu t r i en t  ava i l ab i l i t y  and  dec reased  p roduc t i v i t y

a f te r  Ju l y  r ,  1985 ,  and  con t i nu ing  th rough  the  end  o f  t he  yea r .

10 .  I n  Augus t  o f  1986 ,  bo t tom tempera tu re  rema ined  re la t i ve l y
h igh wi th  respect  to  the expected temperature for  th is  t ime of  the
year .  Both sur face and bot tom temperatures were about  17oC and
remained there for  the rest  o f  year"  The sur face water  temperature
was a lso warmer than expected.  This  event  was a condi t ion remin iscent
o f  t he  E1  N ino  o f  1982 -1984 .

Tab le  5 -1  i s  a  schemat i c  mon th -by -mon th  ca lendar  o f  no tab le
oceanograph ic  even ts  f rom m id -1981  th rough  L986 ,  us ing  cap i ta l
l e t t e rs  to  des igna te  the  mos t  i r npo r tan t  even ts  and  sma1 l  l e t t e rs  fo r
secondary  even ts .  Each  l e t te r  rep resen ts  a  s ing le  even t .  Re typ ing
the  same le t te r  i n  t he  ce l l  i s  an  i nd i ca t i on  o f  t he  number  o f
occurrences of  the event  dur ing the month.  A11 events of  th is  k ind l ie
on  a  con t i nuum f rom m ino r  t o  ex t reme,  and  the  c r i t e r i a  f o r  se lec t i ng
important  events have to  be somewhat  arb i t rary .  Thi -s  ca lendar  can be
used  fo r  a  qu i ck  ove rv iew  o f  t he  h i s to ry ,  bu t  i s  ce r ta in l y  no t  an
exhaus t i ve  ca ta log  o f  even ts ,  no r  an  au tho r i t a t i ve  gu ide  to  the i r
s ign i f i cance .
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1 985

1 9 8 6

U,u  upwel l ings

D,d  downwel l ings

B,b phytoplankton bloons

S,s  w inds torms

W,w h igh  waves

N-> <-N beginning and end of

R high runoff
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APPENDIX  A

CURRENT MEASUREMENTS DATA SET

Between L977 and 1986,  current  meter  measurements were made in

the shel f  waters of f  San Onofre.  Two types of  current  meters were used

to  ob ta in  the  da ta .  Be tween  1977  and  1985 ,  a  vec to r  measur ing  cu r ren t

me te r  ca l1ed  the  Dav is -We1 le r  me te r  was  used .  I t  was  deve loped  a t  t he

Scr ipps  Ins t i t u t i on  o f  Oceanography  i n  the  L97O ' s  and  cons i s t s  o f  two

pa i r s  o f  o r thogona l ,  5 -b laded  p rope l l o rs  wh ich  were  des igned  fo r  a

near l y  pe r fec t  cos ine  response .  Th i s  ensu res  tha t  under  an  ene rge t i c

wave f ie ld ,  the orb i ta l  mot ions are averaged out  proper ly  and smal l

mean currents  can be measured wi th  conf idence,  The inst ruments

conta ind a f lux gate compass but  were not  vector  averaging.  The

meters were moored on Sheldon Spar  buoys that  prevented rotat ion of

the  me te r  a round  the  ve r t i ca l  ax i s .  I n  o the r  words ,  t he  me te rs  were

held in  pos i t ion by the moor ing and the in format ion regard ing the

bear ing  ang le  o f  t he  p rope l l o rs  was  measured  by  the  f l ux  ga te  compass .

In  1985  '  a  one -yea r  t rans i t i on  to  the  54  e lec t romagne t i c  cu r ren t

me te r  (manu fac tu red  by  In te r -Ocean  in  San  D iego )  began .  The  54  i s  now

widely  accepted in  the oceanographic  communi ty  as is  the Davis-Wel ler

meter .  The pr inc ipa l  advantages of  the 54 are i ts  ease of  handl ing in

the  f i e ld ,  l ower  ma in tenance ,  ab i l i t y  t o  re t r i eve  da ta  i n  t he  f i e ld ,

and immediate re-deployment  ( the turnaround t ime for  the 54 is  a  few.l
I
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hours whereas for  the Davis-Wel ler ,  i t  was many days) .  A more

comp le te  d i scuss ion  o f  t he  i ns t rumen ta t i on  i s  f ound  i n  ECO-M 's  Repor t

Vo lume  V I -4  ( I 987  ) .

T imel ine p lots  of  the avai lab le current  data are presented year

by  yea r  i n  F igu res  1  and  2 .  The  s ta t i on  numbers ,  whose  l oca t i ons  a re

shown on the map at  the top of  the f igures,  are g iven wi th  the depth of

the measurement  a long each t imel ine.

'l
rl
I
I
I
I
il
il
I
I
il
I
I A-2



i

il
il
t
t
t
I
I
I
t
I
I
il
T
I
il
:'f
I

!sL
?3^
!,4rn

J F M A M J J A
L977

lttSmx

l/Strn

V3-*
U3t"_

1/9m

5/3mx

Vfu'
93--
8/9m

11ts8

Figure 1 Current meter data measured on
1??1.  Depths  be low the  sur face  are  g iven
I? l_ l?n ing  the  s ta t ion  number /depth  lab . tsro rmlng  the  compos i te  t ime ser ies  descr ibed

J F M A M J J A S O N D

the shel  f  o f f  San 0nofre between 1977 and
w i th  respec t  t o  MLLW.  The  as te r i sks
denot 'e  those measurements were used in
i n  t he  t ex t .
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Figure 2 Current  meter  data measured on the shel f  o f f  San Onofre.  between lggzand-  1986 .  Dep ths  be low  the  su r face  a re  g i ven  w i th  res f " .a - i "  r ' 4 [ rw .  
- i r , e -as te r t i [ s

fo l lov ing the s tat i .on number/depth label !  denote those ' ; ; ; ; ; ;n1,  ns 's  used informing the compos' i te  t ime ser ies descr ibed in  the ; " - ; .  ;h .  i ' ; i ; ; - r " ' ; " " ru" . i " i .campaig-n that  began in  February 1985 and lasted through 1986 l ' ;  o f t "n  referred to  aspar t  o f  the p lum-e_1_oni tor ing program,_ a prbgram desig;JU-r iuU,  the near . f ie ldc i rcu lat ion pat t -erns and as-soc ia ied 
'1 ight  

lnd temp#atu""  
" i i " . t5  

due to  theopera t i on  o f  SONGS.
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