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SUMMARY AND

t

coNcLUs loNs

I .  OBJECTIVES,  RATIONALES,  AND BRIEF  H ISTORY

OF PHYSICAL/CHEMICAL PROGRAMS

The pr inc ipa l  task of  MRC is  to  assess ef fects  of  SONGS on local
mar ine l i fe .  The pr inc ipa l  s t ra tegy is  to  make stat is t ica l
compar isons of  the abundances of  se lected.  species and groups,  between
places c lose to  SONGS and far  away,  and between t imes before and af ter
SONGS began operat ion.  Constant  natura l  d i f ferences between near  and
far  p laces and uni form natura l  changes over  t ime are a l l  subtracted
out  in  these compar isons,  iso lat ing changes that  took p lace only  near
SONGS and only  af ter  i t  began operat ion.  This  is  an object ive method,
in  the sense that  i t  can observe th is  k ind of  change,  and est imate i ts
magni tude and stat is t ica l  s ign i f icance,  wi thout  hypotheses about  the
process or  mechanism that  produced the change.  The f ina l  s tep of
at t r ibut ing a par t icu lar  change e i ther  to  SONGS or  to  some non-uni form

natura l  e f fect ,  however ,  may depend on an evaluat ion of  processes and
mechanisms to dec ide that  one explanat ion is  more reasonable and
l ike ly  than another .

The chains of mechanisms by which SONGS may affect l i fe in the
sea begin wi th  the phys ica l  in teract ions between SONGS and the natura l
condi t ions and processes that  under l ie  the local  ecosystems.  These
condi t ions,  Processes,  and in teract ions are what  must  be understood
to  f i nd  the  mos t  l i ke l y  exp lana t i ons  fo r  s ta t i s t i ca l l y  obse rved
resul ts .  This  is  the most  genera l  reason why MRC inc lud.ed phys ica l

measurenrents in i ts programs from the beginning, and later on brought
these  toge the r  i n  a  s ing le  phys i ca l - chemica l  p rog ram.

There are more immediate reasons a lso.  Some b iophysica l
re la t ions are fa i r ly  c lear  f rom the s tar t ;  mar ine p lants  requi re both
l ight  and nutr ients ,  for  example,  and some f ish avoidwaters that  are
too  ho t  o r  t oo  co ld  fo r  t hem.  I f  r e levan t  phys i ca l  va r i ab les  a re
measured a long wi th  abundances,  the observed phys ica l  changes may be
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usefu l  to  ref ine and sharpen the s tat is t ica l  compar isons as wel l  as to
judge between explanat ions of  the i r  resul ts .  The beds of  g iant  ke lp

near  San Onofre present  a par t icu lar  case.  These have a known h is tory
of  non-uni form natura l  changes,  wi th  ind iv idual  beds dy ing out  and
recove r ing  a t  d i f f e ren t  t imes .  Fo r  t hese ,  t he  s t ra tegy  o f  s ta t i s t i ca l
compar isons was d i rected not  to  the abundance of  adul ts  but  to  rates
of  recru i tment  and growth of  new kelp p lants  in  f ie ld  exper iments
compar ing before wi th  af ter  and near  wi th  far .  The f ie ld  program

inc luded measurements of  temperature,  i r rad iance,  nut r ients ,  and the
f lux of  sediment  par t ic les in  the water ,  and the s tat is t ica l  des ign
inc luded regress ions to  assess the impor tance of  these phys ica l

factors in  ke lp recru i tment  and growth in  the f ie ld ,  a long wi th
stat is t ica l  eompar isons to  measure changes both in  recru i tment  and
growth and in  the phys ica l  factors .

An impor tant  phys ica l  condi t ion for  most  o f  the s tudies is  the
rate at  which th ings are carr ied about  in  the 1ocal  waters,  whether  by
coherent  cut rents  or  by random dispers ion.  I f  SONGS draws in  water  at
a  ce r ta in  ra te  a t  a  f i xed  p lace ,  k i l l i ng  a  f rac t i< ln  o f  a l l  t he  p lank ton

that  are drawn in ,  the s ize and shape of  the local  depress ion in
populat ion densi ty ,  and the eventual  ra te.at  which p lankton are
ki l Ied, depends on the rates at which new water and new plankton are
brought  to  the region by currents  and d ispers ion.  I f  the d ischarge of
SONGS adds some substance to  the 1ocal  seawater ,  the d is t r ibut ion of
th is  substance wi l l  depend on the same rates.  The basie data for
est imat ing these rates come f rom current  measurements,  ar rayed in
t ime and space to show both the organized and random parts of the
cu r ren ts .

In  the fa l l  o f  Lg76,  MRC mounted a br ie f  but  in tens ive f ie ld
program to descr ibe the phys ica l -chemical  env i ronment  in  the sea of f
san onofre.  This  program inc luded studies of  the phys ica l  and
b io log i ca r  e f fec ts  o f  t he  ex i s t i ng  soNGs un i t  l ,  as  a  pa r t i a l

ind icator  o f  e f fects  to  be expected f rom the much larger  Uni ts  2 and 3.
Af ter  th is ,  a  wave recordet  and two current-measur ing s tat ions were
set  up of f  San Onofre.  A s tudy of  the long-range coherency of  currents
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(sponsored by SCE) was carr ied out  south of  San 0nofre to  evaluate the
exchange of  water  across the shel f .  In  the years L978-80,  the current
measurements at  San Onofre were expanded to an array of  seven stat ions
to  g i ve  a  spa t i a l  desc r ip t i on  o f  t he  l oca l  cu r ren t  f i e l d ,  and  a  s tudy
of  the local  coherency d i rect ly  o f f  san onofre was carr ied out .

Meanwhi le  the b io log icar  programs were under  way,  wi th  some
associated phys ica l  measurements.  Besides the measurements going

wi th the ke lp exper iments,  there were regular  measurements of
temperature,  i r rad iance,  and d issolved n i t rogen on the cru ises made
to co l lect  p lankton,  and regular  analyses of  gra in-s ize and organic
comPonents of  sediment  cores co l lected a long wi th  samples of  bot tom-
dwel l ing animals.

At  th is  t ine,  MRC saw a need to evaluate the qual i ta t ive idea
that  the p lume of  SONGS would carry  suspended par t ic les of fshore over
the San Onofre ke lp bed,  reducing the l ight  avai lab le to  ke lp p lants
near  the  bo t tom.  The  f i r s t  po in t  t o  se t t l e  was  the  ac tua l  re la t i on
between the ext inct ion of  l ight  ( the f ract ional  decrease per  meter  of
depth)  and the s ize and concentrat ion of  suspended par t ic les (seston)

in  the  wa te r .  A  p rog ram o f  f i e l d  obse rva t i ons  was  ca r r i ed  ou t  i n  1980 ,
in  which ext inct ion was measured at  many p laces and depths by a pai r  o f
l ight  sensors whi le  samples were taken f rom the water  between the
sensors.  These measurements showed i t  was va l id  to  say that  the re-
d i s t r i bu t i on  o f  ex t i ne t i on  by  SONGS i s  s im i l a r  t o  t he  re -d i s t r i bu t i on
of  seston,  and to  predic t  changes in  i r rad iance on that  bas is .  A
numer ica l  s imulat ion f rom local  data on natura l  ext inct ion and
currents ,  and f rom a hydraul ic  model  o f  the SONGS discharge,  predic ted
that  the reduct ion of  average i r rad iance in  the ke lp bed would
probably  be large enough to mat ter ,  so that  a  considerable ef for t  to
observe the actual  change was in  order .

In  1981,  MRC brought  together  a l l  the phys ica l  and chemical
measurements.  in  the b io log ica l  programs in to a s ing le program. The
main cont inu ing tasks in  th is  program were to  measure i r rad iance,
temperature,  seston f lux,  and d issolved nutr ients  at  the s i tes of  the
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kelp exper iments;  to  measure temperature,  i r rad iance and nutr ients  in
con junc t i on  w i th  the  p lank ton -co l l ec t i on  c ru i ses ;  t o  ana lyse  sed imen t
cores;  to  cont inue the record ing of  current  a t  two stat ions and wave-
c l ima te  a t  one  s ta t i on ;  and  to  es tab l i sh  da tabases ,  some o f  t hem ve ry
large,  for  a l l  the phys ica l  and chemical  measurements.  Except  for  the
record ing of  currents  and waves,  these groups of  measurements served
spec i f i c  needs  o f  t he  b io log i ca l  p rog rams .

A separate task of  more genera l  use was to  carry  out  a  ser ies of
c ru i ses  w i th  de ta i l ed  p ro f i l es  o f  t empera tu re ,  sa l i n i t y ,  i r r ad iance ,
and d issolved n i t rogen species in  waters f rom near  the shore out  to
100  m dep th  o r  so ,  t o  exp lo re  the  re la t i ons  be tween  cond i t i ons  i nsho re
and  o f f sho re .  A  pa r t i cu la r  a im  o f  t hese  c ru i ses  was  to  c la r i f y  t he
re la t i ons  o f  d i sso l ved  n i t rogen  to  dep th  and  tempera tu re ,  o f f sho re
and inshore.  I t  a lso turned out  that  the data f rom these cru ises gave
a deta i led account  of  the loca1 onset  and ear ly  course of  the L982-
1984  E l  N ino  even t .  Ano the r  spec ia l  s tudy  was  a  repe t i t i on  o f  t he
coherency  s tudy  sou th  o f  San  Ono f re  i n  t he  w in te r  o f  1982-83 ,  t o  l ook
fo r  seasona l  d i f f e rences  i n  c ross -she l f  exchange .

The occurrence of  ke lp and cobble substrate had been regular ly
mapped  f o r  SCE s i nce  L977  bys ide -scansona r .  Beg inn ing in l 981 ,  anew
method was developed for  mapping the populat ion densi ty  of  adul t  ke lp
p lants  by downlooking sonar  surveys.  This  method,  ca l ibrated by a
se r ies  o f  ke lp  censuses  by  d i ve rs ,  was  used  fo r  tw i ce -yea r l y  su rveys
of  densi ty  in  the San Onofre and San Mateo ke lp beds,  cont inu ing f rom
L982 through L987,  to  document  the course and the pat tern of
popu la t i on  changes  i n  these  beds .

The emphasis  of  the phys ica l  and chemical  s tud ies changed to some
degree  i n  1983 ,  because  bo th  un i t s  2  and  3  o f  soNGS were  now
approaching a s tate of  regular  fu l1  operat ion and the Af ter  per iod of
the b iostat is t ica l  s tud ies was beginning.  MRC had considered a number
of  ways to  moni tor  the p lume of  SONGS, wi th  the object ive of  detect ing
and measur ing changes that  could be at t r ibuted to  SONGS, more d i rect ly
and in  more deta i l  than could be done by overa l l  before-af ter  near- far
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comPar isons.  I t  had a l ready become ev ident  that  both the natura l
s tate and any ef fects  of  SONGS would be h igh ly  var iab le in  t ime,  and
that  i t  would not  be easy to  separate natura l  f rom SONGS-induced
var ia t ions.  The method that  was adopted was another  s tat is t ica l
compar ison,  between hour ly  va lues of  i r rad iance recorded
s imu l taneous ly  on  oppos i te  s ides  o f  t he  SONGS d i f f use rs .  These
compar isons would e l iminate uni form var ia t ions over  t ime,  and
constant  d i f ferences between p laces,  leav ing the d i f ferences due to
one stat ion being downcurrent  f rom the d i f fusers,  or  in  the p lume,  and
the other  s tat ion being upcurrent .  This  program involved set t ing out
a considerable array of  current  meters and i r rad iance recorders;  i t
was combined wi th  the cont inu ing phys ica l  measurements at  the KEP
s ta t i ons  by  us ing  the  ex i s t i ng  ke lp  s ta t i ons  and  se t t i ng  up
coun te rpa r t  s ta t i ons  on  the  o the r  s ide  o f  t he  d i f f use rs .

For  a d i f ferent  and more d i rect  way of  look ing at  the p lume,  a
number of  s tud ies of  the p lume at  par t icu lar  t imes were under taken,
beginning wi th  some rapid surveys of  temperature and turb id i ty  in  1983
and 1984,  and cont inu ing la ter  wi th  aer ia l  photography and dye studies
in  1985  and  1987 .  Themos t  impor tan t  o f  t hese  were  dye -s tud ies  o f  two
k inds :  one  to  desc r ibe  the  ve loc i t i es  and  d i sp lacemen ts  o f  wa te r
f lowing toward the diffusers and away in the plume by tracking dye-
pa tches ,  and  the  o the r  t o  measure  the  ac tua l  nea r - f i e1d  d i l u t i on  o f
the d ischarge by in ject ing dye in to an in take of  soNGS. other
phys i ca l  P ro jec ts  i n  t hese  yea rs  i nc luded  spec ia l  s tud ies  o f  t he
di rect ional  and spectra l  d is t r ibut ions of  l ight  near  the bot tom in  14
m depth,  and the development  of  cont inuous samplers of  water  and
ses ton .

A11  phys i ca l - chemica l  f i e l dwork  ended  w i th  the  end  o f  1986 ,
excep t  f q r  t he  dye -s tud ies  and  ke lp  su rvey  i n  1987 .
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2 .  PHYSICAL /CHEMtCAL OCEANOGRAPHY

2.',  The Natural Environment; Processes Affecting Local Marine Life

Every l iv ing th ing in  i ts  habi ta t ,  however  wel l  adapted,  faces
l im i t i ng  fac to rs  a t  some po in t  i n  i t s  l i f e - cyc le  wh ich  se t  bounds  to
i ts  numbers or  i ts  range.  This  summary d iscuss ion of  oceanographic

Processes and condi t ions of f  San Onofre is  not  meant  to  be an overa l l
descr ip t ion,  but  concentrates on l imi t ing phys ica l  and chemical
factors.  The most  fundamenta l  are those that  apply  to  mar ine p lants ,
s ince pract ica l ly  a l l  mar ine animals u l t imate ly  depend on mar ine
plants .  The main phys ica l  problem of  p lant  l i fe  in  the sea,  common to
dr i f t ing microscopic  p lants  and to  anchored g iant  ke lp,  is  to  br ing
together  l ight  f rom above and d issolved chemical  nut r ients  f rom
be low.  A t  t he  su r face  o f  t he  sea  the re  i s  usua l l yp len ty  o f  l i gh t ,  bu t
nutr ients  are most ly  locked up in  the b iomass of  the ex is t ing p lant
popu la t i ons .  I n  deeper  v ra te rs  the re  i s  l ess  l i gh t ,  bu t  d i sso l ved
nutr ients  become avai lab le f rom a reservoi r  a t  depth,  formed f rom
organic  mat ter  that  sank out  o f  the l ight  and decayed in  darkness.  We
wi l l  consider  in  some deta i l  how l ight  fa l ls  o f f  wi th  depth in  the
shal low nearshore walers of f  San Onofre,  and how d issolved nutr ients
reach these waters f rom the deep of fshore reservoi r .

The measure of  l ight  in tens i ty  used in  these studies is  the
downward p lanar  i r rad iance,  in  un i ts  of  E inste ins per  square meter  per

,
day (g/* ' -day) .  This  uni t  represents one mole of  photons avai lab le
for  photosynthet ic  react ions,  ar r iv ing f rom above in  the course of  one
day-  The sunl ight  reaching the sur fece of  the sea of f  San Onofre
ranges f rom about  50 El^Z-day in  midsummer to  about  za E/*Z-day in
winter .  The in tens i ty  of  l ight  genera l ly  needed to suppor t  p lant
me tabo l i sm and  g rowth  l i es  i n  t he  range  f rom abou t  0 .1  to  1 .0  E /m2-
day,  on the order  of  one percent  o f  the average sur face i r rad iance.
L ight  decreases by a f ract ion of  i tse l f  wi th  each increment  of  depth
in  the  sea ,  because  o f  abso rp t i on  by  the  wa te r  i t se l f ,  d i sso l ved
organic  p igments,  and suspended par t ic les of  a l l  k inds,  which come
together  under  the 'genera l  name of  seston.  This  f ract ion,  ca l led the



t
t
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

1 '

ex t i nc t i on ,  ranges  w ide l y  f rom abou t  0 .15  to  nea r l y  1 .0  pe rme te r  i n
the nearshore waters of f  San Onofre,  wi th  mid-range values between .25
and .40 commonly observed in  any season.  For  a sur face i r rad iance of

2  - 1
35  E /m- -day ,  an  ex t i nc t i on  o f  . 25  m- ' g i ves  an  i r r ad iance  o f  abou t  1

t
E/^ t -day  a t  a  dep th  o f  14  rn ,  and  an  ex t i nc t i on  o f  . 40  m- r  g i ves  an
i r rad. iance of  about  o.L Elnz-day at  14 m.  This  is  the depth of  the
bot tom in  the outer  par t  o f  the san onofre ke lp bed;  new kelp p lants

star t ing l i fe  here have a marginal  ex is tence in  the sense that  they
may depend on unusual ly  low values of  ext inct ion to  get  enough l ight
a t  c r i t i ca l  t imes .  New ke lp  p lan ts ,  i n  f ac t ,  a re  no t  rec ru i t ed  eve ry
yea r .

Above the min imum value of  about  .15 m-1 dr"  to  absorpt ion by
water  and p igments,  the var ia t ions of  ext inct ion are due to  widely
vary ing amounts and s izes of  suspended par t ic les in  the water .
Carefu l  measurements of  ext inct ion and seston in  waters of f  San Onofre
showed  a  h igh  l i nea r  co r re la t i on  o f  ex t i nc t i on  w i th  the  c ross -sec t i on
( the  vo lume concen t ra t i on  d i v ided  by  the  g ra in  d iamete r )  f o r  ses ton
w i th  a  w ide  va r ie t y  o f  s i ze  and  compos i t i on .  Mos t  o f  t he  ses ton  i s
made up of inert mineral grains with diameters from a few hundredths
of  a  mi l l imeter  down to a few thousandths.  The immediate source of
these gra ins is  the sediments on the bot tom, which are suspended by
waves and carried further upward in the water column by turbulence in
the  cu r ren ts .  The  u l t ima te  sou rces  a re  the  l oad  o f  f i ne  pa r t i c l es
carr ied in  the runof f  o f  1oca1 st reams,  and the eros ion of  f ines f rom
the  coas ta l  b lu f f s  by  waves .  Bo th  o f  t hese  u l t ima te  sou rces  a re
highly  episodic ;  near ly  a l l  the sediment  supply  f rom runof f  comes in
ext reme f  loods,  and near ly  a l l  th .e coaste l  eros ion con;es in  ext reme
s to rms .

The f lux of  seston has been moni tored wi th  s imple seston t raps at
severa l  s tat ions of f  san onofre,  a long wi th  i r rad iance and
ex t i nc t i on .  The  t raps  se lec t  aga ins t  t he  f i nes t  pa r t i c l es  tha t
p roduce  mos t  ex t i nc t i on  fo r  t he i r  we igh t ,  so  these  va r iab les
somet imes  do  no t  t rack  c lose l y ,  bu t  i t  i s  genera l l y  use fu l  t o  cons ide r
them together .  Both seston f lux and ext inct ion tend to  be h igh when
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waves are h igh,  but  the re la t ions are not  s imple.  The amount  of
sediment  re-suspended in  a wave episode is  more c losely  re la ted to  the
maximum wave height in the episode than to the average: the hi-ghest
waves produce most  of  the re-suspension.  The mean s ign i f icant  wave-
height  o f  about  1.2 m is  about  the same in  summer and winter ,  but
ext inct ion and seston f lux tend to  be h igher  in  winter  because ext reme
waves occur  more of ten in  winter .

There are fur ther  compl icat ions:  the same wave episode may br ing
high seston f lux and ext inct ion at  one p lace but  not  another ,  and h igh
waves fo l lowing soon af ter  a  prev ious episod.e may not  prod.uce h igh
ext inct ion or  seston f lux at  a l l .  There are severa l  l ines of  ev idence
indicat ing that  ext inct ion at  any p lace depends on a var iab le supply
o f  f i ne r - than -no rma l  g ra ins  to  the  bo t tom as  we l l  as  onwave  he igh t ,
and that  th is  var iab le supply  comes f rom sporadic  patches of  f ine
sediment  making the i r  way by repeated suspension and d ispersal  across
the  i nne r  she l f  t o  t he i r  res t i ng -p race  i n  deeper  wa te r .  Th i s
patch iness in  t ime and space br ings yet  another  random factor  in to the
course of  ext inct ion and i r rad iance,  and the prospects for
recru i tment  of  new kelp,  a t  any p lace and season.

rn the topmost  waters where there is  a  surp lus of  r ight ,
m ic roscop ic  p lan ts  mu l t i p l y  un t i l  t hey  take  up  nea r l y  a l l  t he
dissolved nutr ients ,  and then surv ive at  low populat ion densi t ies on a
smal l  supply  of  nut r ients  recyc led local ly  f rom excreta and dead
organisms.  Much organic  mat ter  is  lost  f rom th is  cyc le by s ink ing out
o f  t he  i l l um ina ted  u ra te rs ;  t h i s  ma t te r  i s  ox id i sed r  t o  n i t ra te ,
phosphate,  and other  ox id ized forms of  d issolved nutr ients  l ry

bacter ia  that  can l ive in  the dark.  Over  t i re  long h is tory  of  l i fe  in
the ocean,  th is  process has formed a vast  reservoi . r  o f  nut r ients  in
the  deep  sea ;  t he  top  o f  t h i s  rese rvo i r  i s  l oca l l y  and  i n te rm i t t en t l y
tapped by p lants  through phys ica l  processes that  br ing deeper  waters
back up to  the i l luminated zone.  The ch ief  processes are ver t ica l
mix ing and upwel l ing;  these are contro l led in  d i f ferent  ways by the
st rat i f icat ion of  densi ty ,  which largely  depends on temperature in
the upper  waters near  San Onofre.

I
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A uni form water  co lumn can be s t i r red wi th  no loss of  energy
excep t  t o  v i scos i t y ,  bu t  a  s t ra t i f i ed  co lumn w i th  ho t te r  wa te r
over ly ing co lder  and denser  water  cannot  be mixed wi thout  expending
cons ide rab le  fu r the r  ene rgy  i n  ra i s ing  i t s  cen te r  o f  mass .  Th i s
energy is  taken f rom the ver t ica l  turbulence,  which is  s t rongly
inh ib i t ed  i n  s t ra t i f i ed  wa te r .  The re  i s  a  con t i nua l  ba t t l e  i n  t he
uPPer layers of  the sea between solar  heat ing,  which tends to  produce
strat i f icat ion wi th  hot ter  and l ighter  water  on top,  and mix ing by
winds,  which tends to  make the water  co lumn uni form.

In the sea of f  Southern Cal i forn ia,  the sun has the edge,  and the
wa te r  co lumn i s  more  o r  l ess  s t ra t i f i ed  excep t  f o r  sho r t  pe r iods  i n
the windier  winters .  In  nearshore waters of f  San Onofre,  the water  at
14  m dep th  w i l l  gene ra l l y  be  f i ve  o r  s i x  deg rees  Ce ls ius  co lde r  t han
the sur face in  midsummer,  and a I i t t le  under  one degree co lder  in
winter ;  on ly  rare ly  is  the d i f ference in  winter  as smal l  as one or  two
ten ths  o f  a  deg ree .  I ndeepe rwa te r  o f f sho re ,  t he re  i s  a  f a i r l y  s t ab le

Permanen t  s t ra t i f i ca t i on .  The  top  o f  t he  n i t ra te  rese rvo i r  genera l l y
co inc ides  w i th  the  l eve l  o f  t he  i so the rma l  su r face  a t  14oC:  n i t ra te  i s
}ow ,  on  the  o rde r  o f  1  m ic romo le  pe r  l i t e r  o r  l ess ,  i nwa te rs  ho t te r
than  l 4oc ,  and  r i ses  l i nea r l y  as  tempera tu re  fa r l s  be low  14oc ,
reach ing  abou t  28  m ic romo les  pe r  l i t e r  i n  wa te r  a t  10oC.  Th i s  l oca l
n i t ra te - tempera tu re  re la t i on  has  been  found  to  be  s tab le  th rough  ve ry
large excurs ions of  the depth of  the l4oC isotherm.

A t  14  m dep th  o f f  San  Ono f re ,  abou t  2  k i l ome te rs  o f f sho re ,  t he
mean bot tom temperature in  ord inary years is  in  the range 14 to  15oC.
Most  of  the supply  of  nut r ients  to  these shal low waters comes by
hor izonta l  mix ing f rom of fshore waters at  t imes of  lower- than-average
temperature.  Some comes f rom upward mix ing when st rat i f icat ion is  a t
a min imum in winter ,  but  s t i I1  more comes f rom par t icu lar  events
cal led upwel l ings,  in  which the isothermal  sur faces in  s t rat i f ied
water  r ise toward the coast  so that  water  co lder  than 14oC encroaches
on the nearshore zone.  These events occur  when the current  f lows
pers i s ten t l y  downcoas t  w i th  a  s t ra t i f i ca t i on  o f  ve loc i t y ,  f as te r  a t
the  top  than  a t  t he 'bo t tom.  Inwa te r  much  deeper  than  2O m o r  so ,  such
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st rat i f ied currents  are most ly  due to  1ocal  winds,  but  in  shal lower
wa te r  a l l  cu r ren ts  a re  more  o r  l ess  s t ra t i f i ed  because  o f  bo t tom
fr ic t ion.  The rotat ion of  the ear th accelerates moving water  to  the
r igh t  o f  i t s  pa th ,  i n  p ropo r t i on  to  i t s  ve loc i t y ;  a  ve r t i ca l l y -un i fo rm
current  moving downcoast  near  the shore wi l l  ad just  i ts  f low to set  up
a smal l  s lope of  the ocean sur face downward toward the shore,
balanc ing the accelerat ion wi th  the hor izonta l  pressure-gradient  due
to  the  s lope .  W i th  a  s t ra t i f i ed  cu r ren t  i n  dens i t y - s t ra t i f i ed  wa te r ,
the seaward accelerat ion wi l l  decrease f rom top to  bot tom, and a

Pressure-gradient  that  ba lances the accelerat ion at  a l l  depths can
only  be set  up by a f low that  produces both a sur face s lope dovmward
toward shore and much larger  opposi te  s lopes of  isothermal  sur faces in
the water ,  upward toward the shore.  Upwel l ing is  o f ten descr ibed much
more  succ inc t l y  as  a  f l ow  o f  deep  wa te r  t o  rep lace  coas ta l  su r face
water  dr iven of fshore by the wind;  th is  would not  fu l ly  represent  the
s i tuat ion at  San Onofre,  where some of  the s t rongest  upwel l ings come
from of fshore current  pat terns impinging on the eoast ,  wi th  l i t t le  or
no  re la t i on  to  1oca l  w inds .

Upwel l ings that  reach the inshore waters of f  San Onofre of ten
occur  in  March and Apr i l  as the summer s t rat i f icat ion begins to
develop,  and may occur  as la te as midsummer,  in  the t ime of  maximum
inso la t i on .  I n  l a te  summer ,  upwe l l i ngs  ra re l y  ex tend  to  sha l l ow
nearshore waters,  and events of  the opposi te  k ind,  ca l led
downwel l ings,  are of ten seen in  August  and September.  These are
assoc ia ted  w i th  upcoas t  cu r ren ts ;  t hey  i nvo l ve  a  s lope  o f  t he
isotherms downward toward shore, with a wedge of warm surface water
at  or  above zOoC occup; ing the nearshore zone to depths of  15 m or  more
and exc luding nutr ients  f rom th is  zone.  In  ext reme years,  sur face
temperature in August or September may remain above 23oC for many days
together ;  th is  may cause d i rect  damage to ke lp canopy,  as ide f rom any
e f fec t  o f  exc lud ing  nu t r i en ts .

EI Nino events are an extreme form of downwell ing which occur
when the perennia l  easter ly  t rade-winds over  the t rop ica l  Paci f ic
s lack of f  for  a  t ime,  and the bel ts  of  wester ly  winds in  the temperate
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zol res encroach on the sub- t rop ics.  This  resul ts  in  a mass-movement  of
warm nutr ient -Poor  sur face water  to  the eastern s ide of  the Paci f ic ,
where i t  forms a very deep wedge against  the coast ,  actual ly  ra is ing
mean sea- level  by 10 cm or  more.  This  condi t ion can last  as long as
two years,  and the depress ion of  nut r ient -bear ing water  to  many tens
of  meters below the sur face drast ica l ly  reduces the populat ions of
microscopic  p lants  and a l l  the the animals in  the food-webs that
depend on these p lants .  Another  ef fect  is  the ext reme ra instotms
produced by wester ly  winds b lowing f rom the ocean to subtropica l
coas t s .

Minor  or  moderate El  Nino events occur  at  i r regular  in terva ls
averaging about  f ive years.  Major  E l  Nino events in  th is  century came
in  1914-15 ,  L94 r -42 ,  and  1957-58 ,  f o l l owed  by  the  mos t  recen t  and
perhaps the greatest ,  which arr ived in  the fa l l  o f  L982 and stayed
through the summer of  1984.  Star t ing in  August  o f  L982,  the nor :na l
nearshore water  of f  San Onofre was replaced in  rap id s tages by sur face
water  f rom severa l  hundred k i lometers of fshore to  the west ,
i den t i f i ab le  by  i t s  l ow  sa l i n i t y .  Fo r  t he  nex t  two  yea rs ,  t empera tu re
was abnormal ly  h igh in  a l l  seasons and nutr ients  were genera l ly
dep ressed  to  dep ths  be low  30  m,  i naccess ib le  to  p lan ts  i n  t he
nearshore waters,  except  for  br j -e f  remiss ions dur ing upwel l ings in
the  ea r l y  summers  o f  1983  anc i  1984 .  The  w in te r  o f  1982-3  was  a  t ime  o f
in tense storms in  Southern Cal i forn ia,  wi th  waves at  San Onofre
somet imes exceeding 3 m in  height .

This  E1 Nino,  l ike i ts  major  predecessors,  gravely  reduced
mar ine popule. t ions of  p lankton,  f ish,  and b i rds over  vast  reg ions,
i l lust rat ing again that  the dependence of  near ly  a l l  l i fe  in  the sea
on p lants  makes i tse l f  fe l t  qu ick ly .  Occurr ing in  the very years in
which SONGS Units 2 and 3 went from intermittent testing to fu11
operat ion,  i t  produced large but  widespread natura l  changes in  the
condi t ions and populat ions in  the waters of f  San Onof fe,  whieh would
have confounded any s tat is t ica l  method of  detect ing SONGS ef fects
less complete than the before-af ter -near- far  compar isons appl ied in
MRC 's  s tud ies .
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7.2 lnteractions of the SONGS Cooling System with Natural Processes

SONGS Uni ts  2 and,3 together  draw in  104 137" . .  o f  cool ing water

at  in takes in  water  about  9 m deep,  about  1 krn f rom shore,  This  water

is  heated by about  10.7oc in  the powerplant  and is  d ischarged back to

the  sea  th rough  s taged  d i f f use rs ,  wh ich  a re  assemb l ies  o f  j e t s  (125  i n

a l l )  mounted on p ipes in  l ine of fshore,  s tar t ing in  10 m depth at  1  km

from shore and going out  to  15 n depth at  2 .5 km f rom shore.  The

indiv idual  je ts  have an in i t ia l  d iameter  of  .5  m and an in i t ia l

ve loc i ty  o f  4  rn/sec;  they are mounted 2.2 m above the bot tom, and are

aimed 20oC upward from the horizontal and 25oC upcoast and downcoast

in  a l ternat ion.

The staged d i f fuser  des ign is  in tended to l imi t  the local  r ise of

temperature in the receiving waters by producing maximum entrainment

and mix ing of  ambient  water  in to the d ischarge,  and a lso to  convey the

discharge of fshore at  t imes when currents  are weak c lose to  shore.

Wi th in  two or  three hundred meters of  the d i f fusers,  the d ischarge is

d i lu ted by about  l0  t imes i ts  vo lume of  ambient  water  ent ra ined in  the
jets .  At  th is  d is tance the ind iv idual  je ts  have approached the

sur face and coalesced in to a d i lu te p lume wi th  a temperature contrast

on the order  of  1oC or  less and a ve loc i ty  contrast  on the order  of  10

em/sec or  less re la t ive to  the surrounding waters.

The configuration and behavior of the plume depends strongly on

the current  and on the s t rat i f icat ion of  temperature and densi ty .

When the longshore current  is  s1ow, sdy 3 cm/sec or  less,  the p i r . lme

goes of fshore a. long the d i f fusers,  and may spread f rom a pocl  beyond

the end of  the d i f fusers.  Wi th faster  currents  the water  is  carr ied

far ther  downstream as i t  moves of fshore,  unt i l  in  a  current  o f  20

cm/sec or  more i t  makes only  a smal l  angle to  the shore l ine.  In

weak ly -s t ra t i f i ed  wa te r ,  t he  d i l u ted  p lume w i l l  be  ho t te r  and  l ess

dense than ambient surface water, and wil l  form a layer in the

uppermost  few meters.  Wi th s t rong st rat i f icat ion,  the p lume wi l l

o f ten be cooler  and denser  than sur face water .  Af ter  coming in i t ia l ly

to the surface it  may sink again and spread in the stratum of matching

L2
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temperature and densi ty .  s ince the depth of  the d ischarge por ts
increases f rom about  8 to  13 m a long the length of  the d i f fusers,  i t  is
even Possib le  for  the p lume to sp l i t ,  w i th  the of fshore par t  moving
along the bot tom, whi le  the inshore par t  moves on the sur face.

The plume continues to entrain ambient water as long as the
veloc i ty  contrast  is  apprec iable,  and the d ischarge is  found to be
di lu ted by about  20 par ts  of  ambient  water  at  d is tances of  about  a
k i lometer  f rom the d i f fusers.  At  d is tances beyond three k i lometers or
so, the plume is carried passively by the current and entrainment
becomes ind is t inguishable f rom ord inary oceanic  mix ing.
Instantaneous va lues of  d i lu t ion have not  been measured at  these
ranges,  but  i t  is  roughl -y  est imated f rom stat is t ics  of  the cument
that  the long- ter r r  mean d i lu t ion of  the d ischarge at  p laces wi th in  a
k i lometer  or  two of  the shore r ises to  about  100 to  1 at  6  km downcoast
or  3  km upcoast  f rom the d i f fusers,  and to  about  2OO to 1 at  11 krn
downcoast  or  7  km upcoast .  The asymmetry is  due to  the long- termmean
current  o f  3  cm/sec downcoast .

Wi th th is  amount  of  d i lu t ion,  the ternperature contrast  between a
sur face p lume and under ly ing unst rat i f ied water  wi l l  fa l1  of f  to  a few
ten ths  o f  a  deg ree  Ce ls ius  w i th in  the  f i r s t  k i l ome te r  o r  so ,  even  i f
there is  no loss of  heat  by exchange wi th  the atmosphere.  A subsur face
plume in  s t rat i f ied water  wi l l  show only  as a sma11 step or  change of
s lope  i n  the  s t ra t i f i ca t i on  a t  t he  equ i l i b r i um dep th ,  wh ich  w i l l
s imi lar ly  fa l l  o f f  and be lost  in  the background var ia t ion beyond
abou t  one  k i l ome te r .

The water  ent ra ined c lose to  the d i f fusers,  making up about  90%
of the water  in  the p lume,  is  carr ied at  least  a  few hundred meters
o f f sho re  i n  a  fewhours  by  the  o r i g ina l  momen tum o f  t he  j e t s ,  a long
w i th  i t s  ses ton  and  the  assoc ia ted  ex t i nc t i on .  S ince  amb ien t
ext inct ion genera l ly  decreases to  seaward,  the water  in  the p lume wi l l
general ly have higher extinction than ambient water at the same
distance f rom shore.  This  seaward t rans locat ion of  nearshore water
and seston is  what  br ings about  the main ef fects  of  soNcs on
underwater irradiance .
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The f low of discharged and entrained water in the plume away from
the  ne ighborhood  o f  t he  d i f f use rs  i s  on l y  ha l f  o f  t he  to ta l  f l ow  f i e ld
due to soNcs,  however .  An equal  f lor . r  o f  about  1000 r37r" .  or  more
toward the d i f fusers and in takes is  requi red to  make up t t re  ingested
and  en t ra ined  wa te r .  A t  some d i s tance ,  t he  make-up  fLow by  i t se l f  i s
more or  less radia l ly  inward to  the d i f fusers f rom al l  seaward
di rect ions,  wi th  most  of  the water  coming f rom the deeper  sectors more
di rect ly  o f fshore.  Wi th a s t rong longshore current  super imposed. ,  the
make-up water  comes immediate ly  f rom whichever  d i rect ion is  upst ream
at  the t ime.  Since the inward radia l  make-up f low pers is ts  through
a l l  cu r ren t  reve rsa l s ,  t hough ,  p rac t i ca l l y  a l l  o f  t he  make-up  wa te r
that  reaches the in takes or  d i f fusers wi l l  have been u l t imate ly
brought  f rom some d is tance of fshore.  A shoreward component  of  the
f low upcurrent  f rom the d i f fusers is  observed as a pers is tent  pat tern
in the records f rom current  meters near  the d i f fusers.

I f  the make-up vtater  moved toward shore s low1y enough,  i t  would
mix wi th  so much nearshore water  on the way that  i t  would not  be
dis t inguishable f rom nearshore water .  I f  i t  moved inshore quick ly
enough ,  i t  cou ld  re ta in  i t s  o r i g ina l  c l a r i t y  and  o the r  p rope r t i es  o f
o f f sho re  wa te r .  I t  i s  a  d i f f i cu l t  p rob lem to  es t ima te  quan t i t a t i ve l y
the extent  to  which the make-up water  preserves i ts  or ig ina l
p rope r t i es  i n  t rans i t ,  bu t  i t  can  be  expec ted  tha t  make-up  wa te r  w i l l
trave propert ies somewhere between those of ambient nearshofe and
o f f sho re  wa te rs .

Wi th no ambient  current ,  water  near  the d i f fusers wi l l  f low
toward the d i f fusers f rom both s ides at  about  5 cm/sec to  supply  the
plume going of fshore.  In  an overa l l  longshore current  o f  10 cm/sec
say ,  t he  ve loc i t y  nea r  t he  d i f f use rs  w i l I  be  i nc reased  to  abou t
15  cm/sec ,  j us t  ups t ream f rom the  d i f f use rs ,  and  reduced  to  abou t
5 cmfsec in  the water  under  the p lume just  downstream f rom the
d i f f use rs .  I n  genera l ,  some wa te r  w i l l  f l ow  ac ross  the  d i f f use r  l i nes
and escape under the plume when the longshore current exceeds 5 cm/sec
o r  so ,  bu t  t h i s  wa te r  w i l l  have  i t s  ve loc i t y  reduced  by  abou t  l 0
cm/sec.  The turbulence due to bot tom f r ic t ion,  which le ts  the current
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keep  ses ton  i n  suspens ion ,  w i l l  be  co r respond ing l y  reduced ,  and  some
par t i c l es  can  se t t l e  ou t  downcur ren t  f rom the  d i f f use rs .  Some o f

these may be re-suspended and carr ied back to  the d i f fusers wi th  the
next  reversal  o f  the current .  Again,  some of  them wi l l  be entra ined

and carr ied away,  and some wi l l  get  through the d i f fusers to  set t le

ouq once more as the ve loc i ty  drops.  This  mechanism for  t rapping
ses ton  i n  t he  v i c in i t y  o f  t he  d i f f use rs  w i l l  no t  necessa r i l y  l ead  to
cont inued accumulat ion of  sediment ,  for  two reasons:  ent ra inment  of
seston may keep pace wi th  the t rapping,  and the ambient  reg ime of

waves and currents  can st i l l  re-suspend the t rapped seston f rom t ime
to t ime and d isperse i t  o f fshore.  The reduct ion of  ve loc i ty  across the
di f fusers maY, however ,  lead to  greater  local  concentrat ions and
f luxes of  seston near  SONGS. Since the current  f lows downcoast  more
than 607"  of  the t ime,  more seston may be t rapped on the downcoast  s ide
o f  t he  d i f f use rs  than  on  the  upcoas t  s ide .

There is  d i rect  ev idence f rom a dye study that  s tagnat ion of  the
f low between the separate p lumes of  Uni ts  2 and 3 can occur  in  the
region between the Uni t  2  d i f fuser  and the San Onofre ke lp bed
downcoas t .  The  resu l t s  o f  t he  dye  s tudy  a l so  show tha t  t he  ve loc i t y  i n
the p lume i tse l f  can be markedly  reduced when the p lume impinges on
the upcoast  and inshore boundar ies of  th is  ke lp bed (as i t  was in  Apr i l
1987 ) .  These  pa r t i cu la r  reg ions  o f  reduced  ve l ' oc i t y  may  ae t  as  l oca l
ses ton  t r aps .
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3 .  PHYSICAL /CHEMICAL EFFECTS OF SONGS

Irradiance shows large natura l  var ia t ions f rom place to  p lace

and f rom year  to  year ,  so i t  is  not  enough to look for  SONGS ef fects

s imply  by compar ing i r rad iance c lose to  SONGS and far  away,  or  before
and af ter  soNcs began operat ing.  A combined compar ison,  ca l led
Be fo re -A f te r - con t ro l - rmpac t -Pa i r s ,  o r  BAcrP ,  i s  used  i ns tead  to
e l iminate both constant  p lace-d i f ferences and uni form t ime-

d i f ferences,  s ing l ing out  any change that  occurred only  near  SONGS and

on ly  i n  t he  t ime  a f te r  s ta r t -up .  Th i s  change ,  deno ted  by  aa r ,  i s  t he
di f ference between Af ter  and Before t imes in  the average pai red

di f ference AI  o f  i r rad iance between Impact  locat ions near  SONGS and
Con t ro l  l oca t i ons  a t  d i s tance .  The  s ta t i s t i ca l  s i gn i f i cance  o f  aA I
depends on i ts  ra t io  to  the natura l  var iab i l i ty  o f  AI  wi th in  the
Be fo re  and  A f te r  pe r iods .  The  h ighe r  t h i s  ra t i o ,  t he  sma l l e r  t he
probabi l i ty  that  the observed AI  is  an ar t i fact  o f  sampl ing error  and
no t  a  rea l  e f fec t .  Th i s  p robab i l i t y  i s  deno ted  by  p  and  i s  ca l l ed  the

leve l  o f  s i gn i f i cance .

S ta t i s t i ca l  compar i sons  o f  t h i s  k ind  a re  no t  va l i d  un less  the
na tu ra l  changes  a re  add i t i ve ;  t ha t  i s ,  un less  the  causes  o f  na tu ra l

var ia t ion produce ehanges in  AI  that  are independent  of  the level  o f

i r rad iance at  the t i rne.  BACIP analyses have been carr ied out  both on
dai ly  mean i r rad iance and on i ts  natura l  logar i th t r ,  s ince i t  was
expected that  natura l  var ia t ions in  ext inct ion might  produce

fract ional  ra ther  than incrementa l  changes of  ar .  Tests  for
addi t iv i ty  genera l ly  showed that  imadiance i tse l f  was addi t ive but

the  l oga r i t hm was  no t .  The  d i f f e rences  be tween  s ta t i ons  i n  I n  I ,

which is  propor t ional  to  ext inct ion,  are h igher  and more var iab le when

i r rad iance is  1ower.  This  impl ies that  ext inct ion and seston

concentrat ion are less uni form when the water  is  more turb id,  which is
to  say  tha t  h igh  eoncen t ra t i ons  o f  ses ton  tend  to  occu r  i n  l oca l
pa t ches .
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BACIP analyses were done for  record ings at  the bot tom and two

mete rs  above  a t  s ta t i ons  SOKU45 ,  SOKD45 ,  and  SOKD35 ,  us ing  s ta t i on

SMK45 in  the San Mateo ke lp bed 5 km upcoast  as the Contro l  locat ion.

Stat ion SOKU35 was not  inc luded because i t  was not  kept  c lear  of  ke lp

canoPy l ike the others, and underwent changes in irradiance due to

changes in  densi ty  of  the canopy.  The Before per iod took in  a l l

record ings up through Apr i l  30,  1983,  and the Af ter  per iod began

immed ia te l y  on  May  1 ,  1983 .

BACIP analyses of  a l l  days in  the dataset  gave no s tat is t ica l ly

s ign i f i can t  resu l t s .  Separa te  BACIP  ana lyses  o f  t he  subse ts  o f  days

when the longshore eurrent was known to run downcoast or upcoast for

f ive or  more out  o f  n ine dayl ight  hours gave resul ts  that  were
add i t i ve  i n  i r rad iance  and  somet imes  s ign i f i can t .  Spec i f i ca l l y ,  AA I
a t  t he  bo t tom fo r  a I1  th ree  SOK s ta t i ons  comb ined  was  -0 .6L  E lnz -day

wi th P = .007 for  the days on which SOK was downcurrent  f rom the
di f fusers.  For  the days when soK was upcurrent ,  AAr was +o .39 t  lm2-day
w i thp  =  .19 .  A t  2  m above  the  bo t to rn ,  t he  co r respond ing  resu l t s  were
AAI  =  -A .46  E l ^Z -day ,  p  =  .14 ,  f o r  days  w i th  SOK downcur reng ,

and  AA I  =  +0 .2LE lmZ-day ,  p  =  . 66 ,  f o r  upcu r ren t  days .

The f ract ion of  downcurrent  days was .63 on the records f rom the

bo t tom and  .65  on  the  reco rds  f rom 2  m above l  t hese  a re  essen t i a l l y  t he
same as the overa l l  f ract ion of  downcoast  hours in  a l l  the current

records f rom day and n ight  together .  weight ing the resul ts  by the
f ract ions of  downcurrent  and upcurrent  days g ives est imated overa l l
avetage reduct ions of  i r rad iance,  a t  SOK re lat ive to  SMK and af ter

s ta r t - up  re l a t i ve  t o  be fo re ,  o f  0 .24  t lm? -day  on  t he  bo t t om and  0 .23

two  me te rs  above  the  bo t tom.

I f  the d.owncurrent  and upcurrent  AAI 's  were the same on the

upcoas t  s ide  o f  t he  d i f f use rs  as  on  the  downcoas t  s ide ,  t he  ove ra l l

avef ,age change in  i r rad iance upcoast  f rom the d i f fusers r . rou ld be much

sma l le r ,  on  the  o rde r  o f  + .o2  e l ^Z -day ,  because  the  cu r ren t  runs

downcoast  more of ten than upcoast .  There are no upcoast  observat ions

be fo re  s ta r t -up  to ' check  the  symmet ry  o f  t he  AAI ' s ,  bu t  t h i s  examp le
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shows that the net change of irradiance

posi t ive,  whi le  net  downcoast  reduct ion

upcoast  could be smal1 or  even
,

i s  g rea te r  t han  0 .2  E lm ' -day .

The observat ion that  i r rad iance is  addi t ive whi le  i ts  logar i thm

is not  suggests that  the reduct ion is  just  as l ike ly  to  occur  when
i r rad iance is  genera l ly  low as when i t  is  genera l ly  h igh.  This  is  in
accord wi th  the phys ica l  idea that  the p lurne is  more turb id at  t imes
when there is  more nearshore seston to  be t rans located of fshore.  As

wi th the natura l  d is t r ibut ion of  seston,  the d is t r ibut ion rnodi f ied by
SONGS is probably more patchy when larger amounts of seston are

P resen t .

A d i f ferent  k ind of  s tat is t ica l  compar ison was carr ied out  on
hour ly  records of  i r rad iance dur ing SONGS operat ions at  pa i rs  of
s ta t i ons  more  o r  l ess  symmet r i ca l l y  l oca ted  on  oppos i te  s ides  o f  t he

d i f f use r  1 ines .  A  s ta t i on  was  c lass i f ed  as  P lume in  a  pa r t i cu la r  hou r
i f  the water  at  the s tat ion had crossed the d i f fuser  l ines wi th in  the
preceding n ine hours,  3s ca lcu lated f rom current  records by a
s imp l i f i ed  p lume-mode l .  O the rw ise  the  s ta t i on  was  c lass i f i ed  as
Ambient  for  that  hour .  In  hours when one stat ion of  a  pai r  was Plume
and i ts  counterpar t  across the d i f fusers was Ambient ,  i r rad iance at

the Plume stat ion was genera l ly  less than that  a t  the Ambient  s tat ion

by 25 to  457" .  .  Because of  h igh var iab i l i ty ,  these resul ts  were only
marginal ' ly sigrt i f icant for recording periods much shorter than a
month '  but  they hecame h ighly  s ign i f icant  for  near ly  every s tat ion
pai r  and height  above bot tom when a whole year  of  record ing was used.
The reduct ion o^f  i r rad iance var ied somewhat  wi th  locat ion,  he ight ,
and  yea r ,  bu t  d id -no t  genera l l y  f a11  o f f  w i th  d i s tance  up  to  2 .5  kn r

f rom the  d i f f use rs .

In  the same vtay that  the BACIP analys is  subtracts  out  un i form

natura l  changes between Before and Af ter  per iods,  the Plume-Ambient

analys is  subtracts  out  un i form natura l  changes wi th  current  d i rect ion

that  are the same at  both s tat ions in  a pai r .  Non-uni form natura l

changes wi th  current  d i rect ion are poss ib le  in  pr inc ip le ,  and the

Presence of  San Mateo Point  5  km upcoast  f rom the d i f fusers suggests a

,l
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Possib le source for  such changes.  I f  San Mateo Point  for  some reason

is  a  sou rce ,  o r  s ink ,  o f  ses ton  and  ex t i nc t i on ,  s ta t i ons  a t  d i f f e ren t
d is tances f rom the Point  could be d i f ferent ly  a f fected when they are
downcurrent from the Point and unaffected when they are upcurrent. In
genera l ,  a tY d i f ferent ia l  e f fects  of  current  d i rect ion on i r rad iance
should increase wi th  the separat ion between tJre s tat ions in  a pai r .
The observat ions show, however ,  that  the reduct ion in  i r rad iance is
about  the same for  pa i r -separat ions ranging f rom 1 to  5 km. The
cons is ten t  reduc t i on  o f  i r rad iance  fo r  a l l  t he  s ta t i on -pa i r s
ind icates a source that  l ies between the s tat ions of  every pai r ,  and
not  to  one s ide of  the ent i re  array of  s tat ions.

The cr i ter ia  for  d iv id ing up data sets  in  BACIP analys is  and
P1ume-Ambient  analys is  are so d i f ferent  that  c lose quant i ta t ive
agreement  between the two k inds of  resul ts  need not  be expected.  The
qual i ta t ive agreement ,  however ,  s t rengthens the at t r ibut ion of  a l l
these ef fects  to  SONGS. BACIP analys is  shows that  average i r rad iance
de f in i t e l y  i nc reased  f rom Be fo re  to  A f te r  by  abou t  L l2  E ln2 -day  l ess
at SOK than at SMK on days when SOK was downcurrent fron SONGS, and
probably increased more at soK than at sMK on days when soK was
uPcurrent  f rom SONGS. The independent  p lume-model  analyses,  wi th  no
reference to  the Before per iod or  to  SMK, show that  i r rad iance was
signi f icant ly  and consis tent ly  less by about  one th i rd  at  P lurne
s ta t i ons  than  i t  was  a t  Amb ien t  s ta t i ons 'on  the  o the r  s ide  o f  t he
di f fusers at  the same t ime.  Both these resul ts  accord wel l  wi th  the
idea that  the reduct ion of  i r rad iance by seaward t rans locat ion of
seston in  the p lume is  par t ly  o f fset  by an admixture of  re la t ive ly
c lear  water  f rom of fshore in to the make-up €Iow that  suppl ies the
water  ent ra ined in to the p lume.
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