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

eezo camEifStff;lT:t
ca5.o-ao,'ci' 'ebfe' ste' L

(srg) ssa.sgss

VOLUME I I - 2

ESTIMATED LONG-TERM
EFFLUENT

MEAN CONCENTRATION
FROM SONGS

OF

S u b m i t t e d  t o :

Submi t t ed  by :

Mar ine Review Commit tee
531  Enc in i t as  B l vd . ,  1 /105
Enc in i t as .  CA  92024

J o h n  R e i t z e l
Hany Elwany
M .  R u s t i n  E r d m a n
K a r e I  Z a b l o u d i l
P r i n c i p a l  I n v e s t i g a t o r s

E C O S y s t e m s  M a n a g e m e n t  A s s o e . ,  I n c .
5 3 1  E n c i n i t a s  B l v d . ,  S u i t e  1 1 9
E n c i n i t a s .  C A  9 2 0 2 4

OcT r s1s87 )
nal*[ tgYlt*

Octobe r  15 ,  L987



I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
T
I

2.0

3 .0

4 .0

5 .0

6 .0

7 .O

8.0

9 .0

The

and

TABLE OF CONTENTS

VOLUME I I - 2

ESTIMATED LONG-TERM MEAN CONCENTRATION OF EFFLUENT FROM SONGS

P a g e  N o .

1 .0  P rem ises

S u p e r p o s i t i o n  o f  p o i n t - r e l e a s e s

T h e  c a s e ,  w  =  0

The  case ,  r  =  0 , f t  =  u2a  
"a  

a1 r  t imes

2r2.L  
l4  ,  a2  l rL t?rz  ,c o n d i t i o n s ,

wi th

D'2 1zu
o2 /zuzt?rz

E s t i m a t e s  o f  p a r a m e t e r s

R e g i o n s  o f  a p p l i c a b i l i t y

Es t ima ted  l ong - te rm re la t i ve  concen t ra t i on

U n c e r t a i n t  i e s

R e f e r e n e e . . . .

F i  o r r r c <

l 0

11

L2

13



t
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
t
I

E S T I M A T E D  T O N G - T E R M  M E A N  C O N C E N T R A T I O N  O F  E F T T U E N T  F R O M  S O N G S

The  quan t i t y  t ha t  i s  es t i r na ted  i n  t he  f o l l ow ing  ca l cu la -
t i ons  i s  t he  l ong - te rn  mean  concen t ra t i on  o f  a  hypo the t i ca l
conse rva t i ve  t r ace r  d i scha rged  f r on  SONGS,  r€ l a t i ve  t o  i t s
o r i g i na l  concen t ra t i on  i n  t he  d i scha rged  wa te r .  Th i s  quan t i t y
canno t  be  obse rved  a t  r anges  o f  seve ra l  k i l one te r s  o r  no re
excep t  by  l ong - te rm  reco rd ings  o f  some  h igh l y  de tec tab le  t r ace r
a lways  p resen t  i n  t he  d i scha rge .  s i nce  we  do  no t  have  t hese ,
t he  bes t  we  can  do  i s  t o  es t i na te  t he  l ong - te rn  mean  concen t ra -
t i on  t heo re t i ca l l y  f r om ava i l ab le  l ong - te rn  s ta t i s t i c s  o f  t he
loca l  cu r ren t s .  The  t r ace r  i s  t aken  t o  be  re l eased  con t i n -
uous l y  a t  a  un i f o rm  ra te ,  r ega rd less  o f  i t s  concen t ra t l on  i n
the  wa te r  t aken  i n  by  soNcs r  so  t he  resu r t s  do  no t  app l y  d i r ec t l y
t o  e f f l uen t s  f o r  wh i ch  t he  re l ease - ra te  depends  on  t he  i n take
concen t ra t  i on .

f  )  P ren i ses :

The  concep tua l  expe r imen t  on  wh i ch  t hese  ca l cu la t i ons
a re  based  i s  t he  i ns tan taneous  re l ease  o f  un i t  mass  o f  dye
a t  t he  po in t  x i  =  0  i n  a  t u rbu len t  r ned ium w i t h  ve loc i t y - f i e l d
V i  ,  r esu l t i ng  i n  a  concen t ra t i on  P  a t  any  po in t  x i  and
t i ne  t  a f t e r  t he  re l ease .  The  dye - re l ease  i s  r epea ted  a t
many  random i ns tan t s  ove r  so  l ong  a  span  o f  t i ne  t ha t  t he  s ta t -
i s t i c s  o f  V i  can  be  t aken  as  s ta t i ona ry .  r t  i s  pos tu l a ted
tha t  t he  ensemb le -nean  concen t ra t i on  <  p  )  t aken  ove r  t h i s
se t  o f  r e l eases  has  a  no rua l  d i s t r i bu t i on  i n  t h ree  d i nens ions
tha t  can  be  w r i t t en  on  p r i nc i pa l  axes  as

.,

{ f  }  <p>  =  T l ( 2n ) -  t / z  6 i - r exp { - ( x  i -  } * i ) ' z lZG iz I, ,

Th i s  exp ress ion  i s  a  so lu t i on  o f  t he  advec t i on -d i spe rs i on
equa t i on  E<p> / ) t  -  - dy i / d t .V<p> /dx r  +  K iDz< f> /dx t2  ,  w i t h
ZK i  =  DG i2 /A t  Th i s  may  be  t r ans fo rned  t o  t he  i so t rop i c  f o rm
in  wh i ch  t he  l as t  t e r rn  i s  r ep laced  by  KV  "  <p>  ,  w i t h
K  -  (K rKvK2 ) t r a  ,  by  r ep lac i ng  each  coo rd ina te  x i  w i t h
(K i  /K )L /2x i  and  each  ve loc i t y  V i  w i t h  (K i  /K ) r / 2V i
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{2 }

A na t t r ena t i ca l  i den t i t y  due  t T a y l o r  s t a t e s t ha t

2 K i  =  D 6 : i  2  / J t  = T )dT

G . I
t

C i  (

i n  wh ich  t i  ( ' - J l ,  )  i s  t he
lag  J  ,  f o rned  by  ave rag ing
t i es V i  o v e r  a n  e n s e m b l e
p o i n t  a n d  s u b t r a c t  i n g  t h e
H e r e  t h e  t i n e - v a r i a b l e  t
a n d  n o t  a b s o l u t e  t  i n e  r  s o
a  s u c c e s s i o n  o f  r e l e a s e s  a s  a
w e  c a n  a l s o  s a y  f  t  =  ( V i  ) t  ,
m e a n .

I t  i s
s  t a t  i  o n a r y
s t a t i s t i c s
r e p l a c e d  b y
i a n c e  f u n c t
p o i n t .  O n

I n  cy l i nd r i ca l  coo rd ina tes  r
z -ax i s  on  t he  sho re l i ne  and  g  =
nea rsho re  wa te rs  a re  t aken  t o  be
€=  0  and  e=p  (Thes lope

2

v a r i a n c e  f u n c t i o n  o f  V i  f o r
p r o d u c t s  o f  p a r t i c l e - v e l o c i *

t i c l e s  r e l e a s e d  f r o m  t h e  s a m e
o f  e n s e n b l e - a v e r a g e d  V i

e s e n t s  t h e  t i n e  s i n c e  r e l e a s e
e n s e m b l e  c a n  b e  f o r m e d  f r o m
F o r  t h i s  p a r t i c u l a r  e n s e n b l e

( V i )  i s  a  c o n s t a n t  s t a t i o n a r y

a l s o  p o s t u l a t e d  t h a t  t h e  v e l o c i t y - f i e l d  V i  i s  b o t h
a n d  h o m o g e n e o u s  ( t h a t  i s ,  e r g o d i c ) ,  s o  t h a t  t h e

( V i  )  a n d C i  (  j  )  g i v e n  b y  e n s e m b l e - n e a n s  c a n  b e
t h e  c o r r e s p o n d i n g  n e a n  v e l o c i t i e s  V i  a n d  a u t o c o v a r -
1 0 n s C i  (  C f  )  f o r n e d  b y  t i n e - a v e r a g i n g  a t  a  f i x e d

t h i s  p o s t u l a t e ,  ( V i  ) a n d  K i  c a n  b e  f o u n d  f r o m
t he  reco rds  o f  f i xed  cu r ren t - r ne te r s .

The  t i ne -ave raged  c i  (  I  )  i s  t he  va r i ance  t i nes  t he  au to -
co r re l a t i on  f unc t i on ,  i . e .  c i  (  f  )  =  l l p yRr  (T  )  As  t
app roaches  0  ,  bG ; r z /D  t  app roaches  e ( iF ) t  r  so  t ha t
G i  2  app roaches  1u r  ' z  112  ,  wh i ch  i s  t he  uppe r  r i n i t  f  o r
G i2  a t  any  t  A t  l a rge  t  ,  ua i z / 0 t  app roaches  t he  cons tan t
va rue  Z (v i ' z )T  ,  i n  wh i ch  r  i s  t he  i n teg ra l  o f .  R i  ( : r )  f r om
ze ro  t o  i n f i n i t y .  As  app rox ima t i ons  t o  t he  i n teg ra l s  o f  ac tua l
au toeova r i ance  f unc t i ons  r  w€  w i l l  use  t he  f o rm  K i  =  1 )  r  z  t
f o r t  be tween  ze ro  and  a  chosen  t i ne  T  ,  and  K r  =  i i 2T
the rea f t e r ;  he re  r ) r " -  i s  some  f r ac t i on  o f  v tE  rn teg ra t i on
o f  t hese  g i ves  G i  2  =  \ ) i  e  1 "  f o r  t i r nes  i n  t he  i n te r va r
0  <  t  <  T  ,  and  612  =  2  i i zT ( t  t / Z>  i n  t  >  T .

2 )  Supe rpos i t i on  o f  po in t - r e l eases .

To  s i np r i f y  t he  no ta t i on ,  t he  i n teg ra t i ons  t ha t  f o r l ow
w i r l  be  ca r r i ed  ou t  as  i f  t he  ned ium we re  i so t rop i c ,  and  t he
f i na l  r esu l t s  w i l I  be  t r ans fo rmed  back  t o  t he  ac tua l  r ned iun
w i t h  d i f f e ren t  K ' s  f o r  t he  l ong , sho re  and  c ross -she l f  d i r ec t i ons .

, 0 ,andz rw i t h the
0  a t  t he  sea  su r f ace ,  t he

bounded  by  t he  two  p l anes
o f  t he  bo t t om f i  i s  a  sna l l
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dp ,  =  [ apodQ/ ( z t r ) t t z l g ]  R2  l l I  -  exp { -pz /Z l z t z71  ,  w i t h

R 2  =  1 2  +  a z  Z a r c o s 0  +  z z

a n g r e ,  a n d - t - w e  w i l t  n o t  d i s t i n g u i s h  b e t w e e n  t h e  a n g l e  a n d  i t s
s i n e  o r  t a n g e n t . )  B y  s y n n e t r y ,  n a t e r i a r  r e l e a s e d  f r o n  a  r i n g -
s h a p e d  s o u r c e  a t  r  =  a  i n  a n  u n b o u n d e d  n e d i u n  w i l l  n o t  c r o s s
e i t h e r  p r a n e r  s o  w e  r e p r e s e n t  t h e  a c t u a r  s o u r c e ,  o f  t o t a l
s  t  r en  g th Qp  o ' -  i n  t he  sec to r  O  <  0  <  t 3  be tween  t he  bound .a r i es ,
as  a  r i ng -shaped  sou rce  a t  r  -  a ,  z  -  0 ,  i n  unbounded  space ,
w i t h  s t r eng th  AP  o  /P  pe r  r ad ian .  Th i s  app rox ina t i on  g i ves
concen t ra t i on  un i f o rn  w i t h  I  i n  t he  wedge .

I n  t hese  coo rd ina tes ,  t he  no rua l  d i s t r i bu t i on  o f  concen -
t r a t i on  due  t o  r e l ease  o f  mass  apod0o l /F  f r on  t he  r i ng -e remen t
de  i n  t he  t i ne -e l emen t  d t  i s  w r i t t en  as

i 3 i drp =  lepod8dt  /  (zn) " rV63 lexpt - f i l - l i z  /2c-2 i i ,

i n  wh i ch  / ^ ^ t  =  w t  ,  t he  mean  l ongsho re  ve loc i  t y  t  i nes  t he  t  ime ,
and  (n  - I - ) .  =  yz  +  az  Za reos0  +  zz  Zwz t  +  wz t z  .  f n t e -
g ra t i ng  t h i s  equa t i on  ove r  t he  c i r c re  -  r r  <  I  <  r r  g i ves  t he  l ong -
te rm  nean  o r  expec ted  va lue  o f  concen t ra t i on  due  t o  an  i ns tan t -
aneous  re l ease  o f  mass  epo  d t  f r on  t he  segmen t  o f  r i ng -sou rce
in  t he  wedge -shaped  space .  A  f u r t he r  i n t eg ra t i on  ove r  t he
range  o f  age  t '  <  t  <oo  g i ves  t he  l ong - te rm  mean  concen t ra t i on
due  t o  a  con t i nuous  re l ease  o f  t r ace r  a t  t he  ra te  epo  f r om
inde f i n i t e r y  r ong  ago  up  t o  t i r ne  t '  be fo re  t he  p resen t .

3 )  The  case 1 ^ t = $ :

no t  nanaged  t o  i n t eg ra te  i 3 ]  i n  gene ra l ,  bu t  r ^ re
the  ove ra l l  s i t ua t i on  f a i r l y  we l l  by  t r ea t i ng

case  o f  no  mean  l ongsho re  cu r ren t  (w  =  0 )  and  l a te r
t he  case  r  -  0  t ha t  g i ves  t he  concen t ra t i on  on
fo r  any  va lue  o f  w

We have

"ah  
desc r i be

the  spec ia l
cons  i  de r  i ng
the  sho re l i ne

W i t h  w  =

c h a n g e  o f  K
i n a t i o n  w e  h a v e
t o  i n f i n i t y  w i t h

{ 4 }

0  ,  we  w i l l  f i r s t  exan ine  t he  e f f ec t  o f  t he
f ron  0 " t  t o  0 r t  a t  f  =  T  i n  t he  app rox -
adop ted .  The  i n teg ra t i on  ove r  t i ne  f r on  T
K  =  t 2 t  t h roughou t  g i ves

As T  ->  O  ,  t h i s  r educes  t o dP^  =  Qpo  dg /  (Zn ) t  / zp ]  Rz
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Now t  ak  ing i
w e  g e t

€ r 2  = 1 ) t 1 z  a t  T  a n d  K  = r ) t T  t h e r e a f t e r ,

i n  wh i ch  f o
b  =  a2 / l r t r .
app roaches

a n d  I r  a r e  n o d i f i e d  B e s s e l  f u n c t i q n s  a n d
.  F o r  b  g r e a t e r  t h a n  3  o r  s o r  t h i s  e q u a t i o n

i5 )  P t  / f  '  =  Q/  2np ia  a t r  =  e /  zr r l3 i  ac "
Th i s  exp ress  i on
d i spe rs i on  6o
d i l u t i on  f t  l l zo

rn  t he  ou te r  r eg ion  whe re  Dz  / 26o2  i s  g rea te r  t han  abou t
3  ,  egua t i on  {4 i  i s  we r l  app rox ina ted  by  se t t i ng  t he  exponen t i a l
t e rm  to  ze?o ,  wh i ch  shows  t ha t  dp  i n  t h i s  r eg ion  i s  i ndependen t
o f  t he  i n i t i a l  d i spe rs i on  6o  .  Fo r  t h i s  r eg ion ,  we  w i l l
i n t eg ra te  ove r  e  w i t h  t r  se t  t o  ze ro .  The  resu l t  i s

a l l o w s  t h e  f i c t i v e  a g e t : .  o r
t o  b e  a s s i g n e d  f r o m  s o m e  e s t i n a t e  o f
i n  t h e  n e i g h b o r h o o d  o f  t h e  s o u r c e .

t he  i n i t i a l
t he  i n i t i a l

dp r '  
.  

=  (Qpo  / anp i  tR r )e r f  l Lz  / 2 l z7z  1 t  t  z

He re  i t  i s  use fu l  t o  i n t r oduce  t he  quan t i t i e s
D2  =  ( r - a ) z  I  s z  and  D ' z  =  ( r+a )z  +  22  D  i s  t he  d i s t ance
f ron  t he  sou rce  a t ( a , 0 , 0 )  a n d  i s  t h e  n i n i n u m  v a l u e  o f  R
ove r  e  D '  i . s  t he  d i s t ance  f r om the  i n rand  i nage -po in t  o f
t he  sou rce  a t  ( a ,0 , r r )  and  i s  t he  nax imum o f  R  ove r  d
A t  po in t s  whe re  D '2 /Z ] zT "  i s  l ess  t han  L /4  o r  so ,
dp  ,  app roaches  Rz  /Z  i  " t "  t i nes  p *  ,  and  d  r '  app roaches
tw i ce  t ha t  va lue .  The  re l a t i ve  e r ro r  t ha t  a r i ses  by  t ak i ng
K  =  0z t  a t  a l l  t i nes  i ns tead  o f  s t opp ing  i t s  g row th  a t
t  -  T  i s  t hen  g i ven  by  Rz  / z l z r2  i n  r eg ions  whe re  t he  i nage -
d i s tance  D '  i s  ha l f  o f  2 t r z ] 7  o r  l ess .

I f  T  i s  se t  equa l  t o  ze ro  i n  equa t i on  t 4 i  ,  V r  has
a  s i ngu la r i t y  a t  t he  sou rce  (a ,0 ,0 )  wh i ch  i s  en t i r e l y  due
to  t he  mos t  r ecen t  i dea l i zed  po in t - r e l ease  i n  t he  t i ne -e l emen t
d t  i us t  be fo re  t he  p resen t .  Any  ac tua l  r e l ease  w i l l  have  sone
in i t i a l  ex ten t -  i n  space ,  wh i ch  can  be  mos t  eas i l y  r ep resen tec l
by  €o  =  v t r  ,  g i v i ng  a  f i c t i ve  age  o f  t r  a t  b i r t h  t o  t he
re lease  i n  each  t ime -e lemen t .  Subs t i t u t i ng t r  f o r  T  i n
{4 }  and  se t t i ng  r  =  a  and  z=  0 ,wecan in teg ra teove r
0  t o  f i nd  t he  resu l t i ng  concen t ra t i on  / 2  t  a t  t he  sou rce .

The  resu l t  i s

p t / po fQexp i -b ] / ( 2n  l t r zp ) .  2  02 t r2 l  I r o {b }  +  r r { b } ]
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{ 6 } P/p"  =  Q / (zn) t tzp  i  on '

a l  coo rd ina tes
g  ( t J " { ,  } 6 ) t r e
.  The  unknown

We w i l l  a l so
o f  t he  sou rce

and  z ' =  z /a
o f  cu r ren t  i s

lA / (Zn ) t r zOJza2 l  x  c i n  w h i c h

+  r ' 2  +  9 2  Z '  2  ) 2  4 r r  2 \ - I  /  z  ,  w i t h

q = Q"71,

The  f i r s t  f ac to r  i n  squa re  b racke t s ,  wh i ch  we  w i r l  ca l l  B ,
g i ves  t he  concen t ra t i on  a t  t he  po in t  r  =  Q ,  z  =  Q ,  ( on  t he
sho re r i ne  c l oses t  t o  t he  sou rce )  whe re  G  -  t  ,  and  G  g i ves
the  concen t ra t  i on  a t  o the r  po in t s  r e l a t  i ve  t o  t h i s  va lue .
F igu re  I  shows  con tou rs  o f  G  on  a  p l o t  o f  t he  sca led  coo rd ina tes

r '  and  qz '

4 )  Thecase  r=g ,w i t h  K= t ) z t a t  a l l  t i m e s :

c a n  d e a l  w i t h  i s  t o  e v a l u a t e
p r e s e n c e  o f  a  n e a n  l o n g s h o r e
t h e  i n t e g r a t i o n  o v e r  - n < 0 < r r

{8 }  p /p "  =  [e / (Zn) r  r zp  ] za2 l  x  Go x  e x p { - p 2  }

) L / 2 \  ,  i n  w h i c hx  F { p q z '  /  ( L + q z  r ' z

G o (  1 + q e  z ' 2  ) -  1 p  =  w /T t t z  l "  ,  and  t he  f unc t i on

r i s ]  =  f  +  T [ t  / 2 .  s . exp {s2 } . ( I +e r f { s } )

A t  t h i s  po in t  ' -we  
w i l l  t r ans fo rm  back  t o  t he  ac tu

w i t h  an i so t rop i c .  K i  =  i i a t  ,  by  subs t i t u t i n
f o r  n  ,  i r / i r ,  f o r  r  ,  and  ] z / 1 ,  f o r  z
ve r t i ca l  pa rane te r  Vc  d rops  ou t  i n  t h i s  p rocess .
sca le  t he  d i nens ions  re l a t i ve  t o  t he  d i s t ance  a
f ron  t he  sho re ,  w i t h  t he  no ta t i on  r ' =  r / a
In  t h i s  f o rn ,  t he  concen t ra t i on  i n  t he  absence
g i ven  by

t7]  P/p" =

c  =  i ( l

The  o the r  spec ia l  case
P  on  t he  sho re l i ne  r  =  g
cu r ren t  w  Fo r  t h i s
and  ove r  0  <  t  ( oo  g i ves

t h e  f a c t o r

we
in  t he

case ,

The  f i r s t  f ac to r  i s  B
i s  s i np l y  G  eva lua ted  a t

{ 7 }  ;  t h e  s p a t i a l  f a c t o r  G o
t h e  f a c t o r  e x p { - p a  }  g i v e s

, B S i n

r=$ ;
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a  un i f o rm  -dec rease  o f  P  eve rywhe re  w i t h  i nc reas ing  nean  cu r ren t
speed ;  l as t r y ,  t he  d i r ec t i ona l  f ac to r  F  i nc reases  p  ^ t  p l aces
downcu r ren t  f r on  t he  sou rce  (pos i t i ve  z  )  and  dec reases
p  a t  upcu r ren t  p races .  F i gu re  2  shows  p lo t s  o f  t he  quan t i t y
H  =  Go€xp { -p2 }F {+qz ' / t l - * n  z ' 2 } r / 2 }  aga ins t  t he  sca led  1ongsho re
d i s tance  qz '  f o r  d i f f e ren t  va lues  o f  p  Th i s  i s  t he  concen -
t r a t i on  re l a t i ve  t o  i t s  va lue  a t  r  =  0 ,  z  =  0 ,  wh i ch  i s  g i i ven
as  be fo re  by  t he  l ead ing  f ac to r  B  =  Q /  i en )1  t zSg i zaz

The  cond i t i ons  D '2  / 2  0 " t "
and  D"  / 2 \ ] 2  t t z  >  3  :

L /4  ,  42  / ] ' t r '  >  3s)

I n
t o  t a k i n g
f o r  t i m e s
a t  p l a c e s

t h e  a c t u a l

{s}

3 )  a b o v e  i t  w a s  s h o w n  t h a t  t h e  r e l a t i v e  e r r o r  d u e
K  =  . ) t t  a t  a 1 t  t i n e s  i n s t e a d  o f  t a k i n g  K  = J 2 T

g r e a t e r  t h a n  a  c h o s e n  T  i s  l e s s  t h a n  D ' 2 / 2 l 2 T z
w h e r e  t h a t  q u a n t i t y  i s  l e s s  t h a n  a b o u t  l / 4  .  I n

s c a l e d  c o o r d i n a t e s  t h i s  r e g i o n  i s  d e f i n e d  b y

t r  =  aFo /p t a z  /  q z ' )  z z  t t z  )  3

[ ( r + a ) a  +  9 2 2 2 ] / 2 S z l ' 2 T 2  <  L / 4

Then  i t  was  shown  i n  4 )  t ha t  t he  i n i t i a r  d i spe rs i on
6o  =  d t ,  ,  wh i ch  de te rm ines  concen t ra t i on  c l ose  t o  t he  sou rce ,

does  no t  ma te r i a l l y  a f f ec t  concen t ra t i on  i n  t he  ou te r  r eg ion
g i ven  by  n2 /2Go2  >  3  The  i n i t i a r  d i spe rs i on  co r respond ing
to  a  g i ven  nea r f j . e l d  concen t ra t i on  P t  was  g i ven  app rox ina te r y
as  6o  =  a (po /p r ) /Z r rp t ) a  f o r  az /Goz  )  g  I n  ac tua l  sca led
coo rd ina tes ,  t he  reg ion  i n  wh i ch  equa t i ons  { . 7 }  and  {B }  app l y
w i t hou t  r ega rd  t o  t he  i n i t i a l  d i spe rs i on  i s  de f i ned  by

{r0} [ ( r - a )2  +  qzz2 ] / 2s2 l r z t t z  >  3

a n d  t h e  f i c t i v e  a g e i s  g i v e n  a s

) / 2 o P q i " 2 a  ,  1 f

t r

{  11 }

6 ) E s t i n a t e s  o f  p a r a n e t e r s :

Wi th  equa t i on  {7 }  and  F igu re  1  f o r  t he  case  w  =  g  ,  and
equa t i on  {8 i  and  F igu re  2  f o r  t he  case  r  =  Q  r  w€  can  now
es t i r na te  l ong - te rn  mean  re l a t i ve  concen t ra t i ons  p / f l .  due  t o
a  con t i nuous  d i scha rge  i n to  a  wedge -shaped  space ,  g i ven  t he
d i scha rge - ra te  o  ,  t he  i nc ruded  ang le  t 3  ,  t he  d i s t ance  a
o f  t he  sou rce  f r on  t he  sho re l i ne ,  t he  l ongsho re  and  c ross -she l f

6
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d i s p e r s i o n  * - p a r a m e t e r s  0 ,  a n d  r ) "  r  a n d  t h e  l o n g - t e r m  r e a n
l o n g s h o r e  c u r r e n t  v e l o c i t y  w  T o  e s t i n a t e  t h e  r a n g e  o f  d i s -
t a n c e s  t o  w h i c h  t h e s e  e s t i m a t e s  a p p l y ,  f r o m  e q u a t i o n s  { g } ,
{ I 0 1 ,  a n d  { 1 1 } ,  w e  a l s o  n e e d  v a l u e s  f o r  T  ,  t h e  a g e  a t  w h i c h
t h e  a c t u a l  d i i p e r s i o n  p a r a m e t e r s  a p p r o a c h  c o n s t a n t  v a l u e s ,
a n d  t h e  i n i t i a l  d i l u t  i o n  f " o  / p t

T h e  p a r a m e t e r s
t h e  c o n b i n a t i o n  B
p o  i n t r=0 ,

a , {3 , i l " ,and a  a p p e a r  t o g e t h e r  i n
=  Q /  ( 2n ) r  t p l zaz  ,  wh i ch  g i ves  p /p '  a t  t he

z  - -  0  ,  on  t he  sho re l i ne  nea res t  t he  sou rce ,
i n  t he  absence  o f  cu r ren t .  The  sou rce -d i s t ance  a  a r so  appea rs
as  a  sca le - f ac to r :  doub l i ng  t he  va lue  o f  a  doub les  t he  ac tua l
d i s t ance  rep resen ted  by  a  sca le  d i s t ance  such  as  r ' =  r / a  ,
bes ides  reduc ing  t he  concen t ra t i on  a t  a  g i ven  sca le -d i s t ance
by  a  f ac to r  o f  f ou r .  The  pa rame te r  0 ,  appea rs  i n  t he  ra t i o
q  =  i ,  /  ]  ,  ,  and  t he  nean  ve loc i t y  w  appea rs  i n  t he  ra t i o
p  =  w /2 t t zQ ,

The  d i scha rge  ra te  a  i s  we l l * de te rn i ned  by  t he  punp ing -
ra te :  i n  r ound  numbers ,  10e  cm3 /sec  f o r  soNcs  un i t s  2  and  3
toge the r ,  and  2  x  10?  cm3  , / sec  f  o r  Un i t  I

T h e  s l o p e  p  c a n  b e  t a k e n  a s  t h e  a c t u a l  m e a n  b o t t o m - s l o p e ,
w h i c h  i s  f a i r l y  w e l l  a p p r o x i m a t e d  b y  6  x  1 0 - 3  o u t  t o  a b o u t
5  k n  f r o m  s h o r e .  r n  t h a t  c a s e ,  f / p o  w i l l  r e p r e s e n t  t h e  t o p -
t o - b o t t o n  m e a n  o f  r e l a t i v e  c o n c e n t r a t i o n ,  w i t h o u t  r e g a r d  t o
h o w  d e e p l y  t h e  a c t u a l  d i s c h a r g e  i s  n i x e d .  I f  p / p o  w e r e  t a k e n
i n s t e a d  a s  t h e  r e l a t i v e  c o n c e n t r a t i o n  w i t h i n  a  c l i s c h a r g e  p l u n e
r e s t r i c t e d  t o  w a t e r  a b o v e  a  t h e r n o c l i n e ,  p  m i g h t  w e l l  b e  t a k e n
a s  s n a r l  a s  3  x  1 0 - 3  T h e  a c t u a l  m e a n  i s o t h e r n s  d o  s r o p e
d o w n w a r d  a r d a y  f r o n  t h e  s h o r e r  s o  t h e  w e d g e - s h a p e d  s p a c e  i s
s t i l 1  a  s u i t a b l e  i d e a l i z a t i o n  f o r  t h i s  c a s e .

The  sou rce -d i s t ance  a i s  we l l - de f i ned  f o r  Un i t  I  as
a b o u t  8 0 0 n  o r  I  x  1 0 4  c m  f r o m  s h o r e .  F o r  u n i t s  2  a n d  3  t o -
g e t h e r l  &  i s  i l t - d e f i n e d ,  s i n c e  t h e  d i f f u s e r s  e x t e n d  f r o m
a b o u t  I  t o  2 . 5  k m  o f f s h o r e  a n d  t h e  d i s c h a r g e  h a s  c o n s i d e r a b l e
i n i t i a l  o f f s h o r e  n o m e n t u m .  r n  w e a k  c u r r e n t s ,  t h e  d i s c h a r g e d
w a t e r  a p p e a r s  t o  f o r n  a  p o o l  b e y o n d  t h e  e n d  o f  t h e  o u t e r  d i f f u s e r
a n d  t o  s p r e a d  a n d  d i s p e r s e  f r o n  t h e r e ;  a s  c u r r e n t  i n c r e a s e s ,
t h e  d i s c h a r g e d  w a t e r  a p p e a r s  t o  m o v e  l e s s  f a r  o f f s h o r e  b e f o r e
l o s i n g  i t s  i n i t i a l  m o m e n t u m .  A s  a  v e r y  r o u g h  a v e r a g e  o v e r
a l 1  c o n d i t i o n s  r  w €  w i I l  t a k e  t h e  e f f e c t i v e  s o u r c e - d i s t a n c e
a s  2 . 5  k n  o r  2 . 5  x  I 0 5  c n  f o r  u n i t s  2  a n d  3  t o g e t h e r ,  a c k n o w l -
e d g i n g  t h a t  t h i s  i s  a n  u n c e r t a i n  e s t i n a t e .
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The  i n i t i a r  d i l u t i on  P  ,  / p  r  i s  f a i r r y  we l r  es t i na tec l  by
sca le -node l  and  f i e l d  expe r i nen t s  as  abou t  B  a t  t 00n r  o r  so
away  f r om the  d iP fuse rs ,  and  abou t  Z0  a t  I  kn .

The  o the r  pa rane te r s  w  ,  ) " ,  i " ,  and  T  a re  es t i na ted
f rom l ong  cu r ren t  r eco rds  i n  t he  v i c i n i t y .  The  reco rds  we
have  used  a re  t hose  o f  hou r l y  ve loc i t i es  a t  3n  dep th  ove r  t he
yea rs  rg79 -80  and  rg84 -6  ( t he  reco rds  o f  i n t e r ven ing  yea rs
we re  no t  s t a t i ona ry ) .  To  n i n i n i ze  da ta -gaps ,  we  f o rmed  com-
pos i t e  r eco rds  f r om d i f f e ren t  l oca t i ons  i n  10  t o  15n  t o ta l
dep th  o f  wa te r ,  f a r  enough  f r om the  d i f f use rs  t o  avo id  g ross
d i s to r t i on  o f  t he  na tu ra l  ve l oc i t y - f i e l d  by  soNGs .  The  s i x - yea r
m e a n  l o n g s h o r e  v e l o c i t y Y z  o r  w  i s  2 . 9  c n / s e c  ,  d i r e c t e d
d o w n c o a s t .  (  T h e  f l r e a n  c r o s s - s h e l f  v e l o c i t y  i s  0 .  1  c m , / s e c  o n -
sho re ,  much  l ess  t han  t he  i ns t r unen ta l  ze ro -unce r ta i n t y )
The  s i x - yea r  s t anda rd  dev ia t i on  o f  1ongsho re  ve loc i t y  ( f f i ) t t
i s  I 0 .2  cn / sec
i s  4 .0  cm lsec .

a n d  t h a t  o f  c r o s s - s h e I f  v e l o c i t y  ( v r ' z 1 t r

The  au toco r re l a t i on  f unc t i ons  R (  g  )  o f  l ongsho re  and
c ross -she l f  ve l oc i t i es  i n  t he  two  s ta t i ona ry  se t s  o f  yea rs
a re  a l l  s i n i l a r  enough  t o  be  rep resen ted  by  a  s i ng le  compos i t e
func t i on  w i t hou t  na te r i a l  e r ro r .  Th i s  f unc t i on  was  g raph i ca l l y
snoo thed  ( t o  r emove  t i da l  pe r i od i . c i t i e s )  and  i n teg ra ted  ove r
7 ,  w i t h  t he  res .u l t  shown  i n  F igu re  3 .  The  cu rve  i n  t he  F igu re
i s  t ha t  o f  l l f  

"  
) dT  =  r i  / ( i , r ' ; )  The  asynp to te  r  o f  t he

in teg ra l  i s -  abou t  36  hou rs .  The  s t r a i gh t  l i ne  t h rough  t he
o r i g i n  co r responds  t o  t he  f o rm  K i  -  i i " t  t ha t  we  have  chosen
to  app rox ima te  K i  f o r  t imes  ress  t han  a  chosen  T  Th i s
l i ne  has  t he  s l ope  ] i .  /  ( i l r 5 )  =  L /Z  ,  and  reaches  t he  asynp to te
I  a t  T  =  2 I  W i th  t he  obse rved  s tanda rd  dev ia t i ons  o f  ve l -
oc i t y ,  t he  chosen  l i ne  g i ves  t he  es t i na tes  \ ) z  =  7 .2  cm/sec ,

\ ) "  =  2 .8  cm/sec ,  and  T  =  72  hou rs  =  2 .8  x  IOs  sec .
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A  p a r t i c u l a r  s e t  o f  p a r a m e t e r s  c h o s e n  f o r  c a l c u l a t i o n s
o n  U n i t s  2  a n d  3 . t o g e t h e r  i s  t a b u l a t e d  b e l o w :

a

{3

=  ] '  x  1 0 8  c n 3 / s e c  ;

=  $  x  I 0 - 3  ;

a=2 .5  x lOscn  ;

po /1c t  =  12  ;

\ ) ,  =  7 .2  cn l sec  i  0 .  =  Z ,B  cm/sec  ;

w  =  2 .9  cn / sec  downcoas t  ;  T  -  2 .6  x  105  sec

q  =  i " / J ,  =  0 .39  ;  p  =  w /2 r r z t ) ,  =  o .ZB

T h e  c o m b i n a t i o n  B  =  Q /  ( 2 n ) t  r z y 3  ) z a 2  w i t h  t h e s e  v a l u e s
c o m e s  o u t  t o  b e  . 0 1 5 '  T h i s  i s  t h e  e s t i m a t e  o f  l o n g - t e r m
m e a n  r e l a t i v e  c o n c e n t r a t i o n  P / F  o  a t  t h e  s h o r e l i n e  p o i n t
r  =  $  ,  z  =  S  ,  i n  t h e  a b s e n c e  o f  c u r r e n t .

7 )  Reg ions  o f  app l i cab i l i t y :
Be fo re  l ook ing  a t  t he  spa t i a l  d i s t r i bu t i on  o f  F /Po  o r

t he  e f f ec t  o f  cu r ren t r  w€  w i l l  cons ide r  t he  ou te r  and  i nne r
l i n i t s  o f  t he  range  o f  d i s t ance  i n  wh i ch  t hese  ca l cu la t i ons
app l y .  Pu t t i ng  t he  re l evan t  va lues  i n  equa t i on  {9 }  r  w€  ge t
[ ( r  +  2 .Skn ;e  +  0 .1522 ] / 106kn2  <  L /4  as  t he  reg ion  i n  wh i ch
we  can  d i s rega rd  t he  l eve l I i ng -o f f  o f  K i  t o  cons tan t  va lues
a t  l a rge  t i nes .  r ns i de  t h i s  r eg ion ,  t h i s  r a t i o  i t se l f  i s  t he
max inun  f r ac t i ona l  e r ro r :  on  t he  sho re l i ne  a t  r  =  0 ,  t he  e r ro r
i s  20% o r  l ess  a t  z  =  l 0kn ,  and  B% o r  l ess  a t  z  =  4kn  ;  a t
r  =  8 ,  i t  i s  a t  nos t  25? "  a t  z  =  2kn

Wi th  t he  t abu la ted  pa rame te rs ,  equa t i on  i  f 1 ]  g i ves
t r  =  6300  sec  r  oF  1 .75  hou rs  ,  co r respond ing  t o  an  i n i t i a l
d i spe rs i on  Go  on  t he  o rde r  o f  300n  The  ra t i o  a /q l r t t
comes  ou t  t o  be  abou t  14 ,  so  t he  cond i t i on  on  i l l ]  i s  f u l l y
me t  and  t he  exp ress ion  f o r  t r  i s  a  c l ose  app rox ina t i on .

W i th  t he  same  pa rane te r s ,  t he  reg ion  de f i ned  by  equa t i on
{ I 0 }  becones  l ( r - 2 .5kn )e  +  0 .152 .1 t0 .063kn2  >  3  .  Fo r
any  va lue  o f  r  ,  t he  w ides t  bounds  f o r  t h i s  r eg ion  can  f o rna l l y
be  se t  a t  22  =  1 .3  kn  ;  a t  g rea te r  l ongsho re  d i s t ances  t he

9
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i n i t i a l  d i l l t i o n  o f  t h e  c l i s c h a r g e  w i l l  n o t  s i g n i f i c a n t l y  a f f e c t
t h e  l o n g - t e r n  m e a n  c o n c e n t r a t i o n s  c a l c u l a t e d  f r o n  { 7 }  a n d
{ 8 }  .  T h e s e  b o u n d s  s h o u l d  n o t  b e  t a k e n  v e r y  r i t e r a l l y ,  t h o u g h ,
s i n c e  t h e  r e p r e s e n t a t i o n  o f  i n i t i a r  d i s p e r s i o n  b y  6 o  i s  a n
a r t i f i c e  t h a t  ' t a k e s  n o  a c c o u n t  o f  t h e  a c t u a l  c h a r a c t e r i s t i c s
o f  t h e  d i f f u s e r s  e x c e p t  f o r  t h e  o b s e r v e d  n e a r f i e l d  d i r u t i o n .

Es t i na ted  l ong - te rn  mean  re ra t i ve  concen t ra t i on :

A t  t h i s  po in t ,  t he  es t ima ted  l ong - te r rn  nean  re l a t i ve
concen t ra t i on  p /e  o  f o r  t he  g i ven  pa rame te rs  nay  be  po r t r ayec r
s imp ry  by  re - l abe l i ng  t he  sca led  axes  o f  F i gu res  r  and  2  so
tha t  qz /a  =  f  co r responds  t o  6 .4  kn  and  r / a  -  I  co r responds
to  2 .5  km ,  and  t hen  rnu r t i p r y i ng  t he  p ro t t ed  f unc t i ons  G
and  H  by  t he  f ac to r  B  =  . 0 I5  .  To  show  p / f  o  i n  t he  absence
o f  cu r ren t  on  an  und i s to r t ed  oap r  F i gu re  4  i s  r ed rawn  f r on
F igu re  I  w i t h  equa l  sca les  o f  ae tua l  l ongsho re  and  o f f sho re
d i s tance '  on  t he  seaward .  s i de  o f  t he  po in t s  whe re  t he  con tou rs
o f  P  /P  o  on  t h i s  F i gu re  a re  b roken  and  l abe l l ed ,  t he  re l a t i ve
e r ro r  due  t o  d i s rega rd ing  t he  l eve l l i ng -o f f  o f  K  w i t h  t ime
nay  exceed  25%,  as  d i scussed  i n  g )  above .  The  e r ro r s  a re
p robab l v  sma l l e r  t han  t h i s  w i t h i n  6  o r  ?  kn  f r on  t he  sou rce ,
t hough ,  so  dashed  con tou rs  have  been  d rawn  i n  t he  seaward  reg ion
to  show  gene ra l l y  how  the  concen t ra t i on  f a l l s  o f f  w i t h  d i s t ance
o f f sho re  f r om the  sou rce .  The  . a2  con tou r  i s  no t  shown  i nsho re
o f  t he  sou rce  i n  t he  reg ion  whe re  i t  n i gh t  be  se r i ous ry  i n
e r ro r  because  o f  t he  i n i t i a l  d i spe rs i on .

F igu re  5  co r responds  t o  F igu re  2  and  shows  p /po  a t  t he
sho re l i ne  f o r  no  cu r ren t  (w  =  0 )  and  f o r  t he  ac tua r  l ong - t e rn
nean  cu r ren t  w  =  2 .9  cn / sec  downcoas t  ( p  =  .ZB ) .  The  p r i n_
c ipa l  e f f ec t  o f  t he  ac tua l  cu r ren t  i s  t o  d i sp lace  t he  pa t t e rn
o f ,  concen t ra t i on  downs t rean  by  abou t  1 .9  k rn  ,  w i t hou t  na te r i a l l y
chang ing  i t s  s i ze  o r  shape .  Th i s  w i l l  a l so  be  t r ue  a t  o f f sho re
po in t s  no t  t oo  c l ose  t o  t he  sou rce ,  so  we  have  shown  the  expec ted
e f f ec t  o f  t he  ac tua r  cu r ren t  i n  F i gu re  6  by  d i sp rac ing  t he
con tou rs  i n  F i gu re  4  a  d i s t ance  o f  l .  g  kn  downcoas t .  Because
o f  t he  unce r ta i n  e f f ec t  o f  cu r ren t  c rose  t o  t he  sou rce ,  t he
.O2  con tou r  i s  no t  shown .

F igu re  6  shows  t he  pa t t e rn  f o r  t he  ac tua r  l ong - t e rm  mean
cu r ren t  o f  2 ,9  cn , / sec ,  bu t  t he  pa t t e rn  f o r  no  cu r ren t  shown
in  F igu re  4  i s  no t  en t i r e l y  hypo the t i ca l .  seasona l  means  o f
t he  cu r ren t  nay  va ry  f r on  c l ose  t o  ze ro  i n  so tne  w in te r s  t o
abou t  6  cm, / sec  o r  mo re  downcoas t  i n  some  sunmers ,  w i t hou t  nuch
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c h a n g e  i n  - - t h e  v a r i a n c e s  o f  I o n g s h o r e
W h i I e  F i g u r e  6  r e p r e s e n t s  t h e  o v e r a
r e p r e s e n t  t h e  m e a n  f o r  a  w i n t e r  o f  n o
s i n i l a r  t o  F i g u r e  4  w i t h  t h e  c o n t o u r s
c o a s t  n i g h t  r e l r r e s e n t  t h e  n e a n  f o r  a
6  c m / s e c  d o w n c o a s t .

o r  c ross -she l f  ve l oc i t y .
l t  nean ,  F i gu re  4  m igh t
mean  cu r ren t ,  and  a  p l o t

d i sp laced  abou t  4kn  down-
sun Ine r  w i th  nean  cu r ren t

Unce r ta i n t i es :

F ina I I y  we  shou ld  exa rn ine  t he  pos tu l a tes
o f  pa rane te r s  t ha t  wen t  i n t o  t hese  ca l cu la t
we  can  abou t  t he  unce r ta i n t y  o f  t he  resu l t s .

a n d  c h o s e n  v a l u e s
i o n s ,  t o  s a y  w h a t

T h e  b e g i n n i n g  p o s t u l a t e  o f  a  n o r n a l  j o i n t  d i s t r i b u t i o n
f o r  d i s p l a c e m e n t s  i s  n e c e s s a r y  i f  w e  a r e  t o  p r o c e e d  a t  a l r ,
b u t  i t  h a s  n o  f i r n  p h y s i c a l  b a s i s ,  a n d  n a y  a t  w o r s t  h a v e  t o
f a l l  b a c k  o n  t h e  C e n t r a l  L i n i t  T h e o r e m .  T h i s  p o s t u l a t e  c a n n o t
b e  e h e c k e d  a t  a  p a r t i c u l a r  p l a c e  e x c e p t  t h r o u g h  a  r a r g e  s e t
o f  d r o g u e  e x p e r i n e n t s  t o  o b s e r v e  t h e  d i s t r i b u t i o n  o f  d i s p l a c e -
m e n t s  d i r e c t l y .  T h e  p o s t u l a t e s  t h a t  t h e  v e l o c i t y - f i e l d  i s
s t a t i o n a r y  a n d  h o r n o g e n e o u s  m a y  b e  c h e c k e d  f r o m  t h e  n a p s  o f
p r i n c i p a l  c u r r e n t  c o m p o n e n t s  a n d  t h e  a u t o c o v a r i a n c e  f u n c t i o n s
s h o w n  i n  o t h e r  c h a p t e r s ;  i n  t h e  r e g i o n  w e  a r e  c o n c e r n e d  w i t h
t h e s e  p o s t u l a t e s  a r e  n e i t h e r  s t r i c t l y  t r u e  n o r  g r o s s l y  u n r e a l -
i s t  i c .

F o r  t h e s e  c a l c u l a t i o n s  t h e  m o s t  s e r i o u s  e f f e c t  o f  a  n o n -
e r g o d i c  f i e l d  i s  p r o b a b l y  t o  m a k e  t h e  p a r t i c l e - a v e r a g e d  a u t o -
c o v a r i a n c e  f u n c t i o n C (  3  )  d i f f e r e n t  f r o m  t h e  t i m e - a v e r a g e d
C(  3 | - )  a t  a  f i xed  po in t .  f n  t he  coDE expe r i nen t  o f f  No r the rn
C a l i f o r n i a  ( D a v i s ,  l g B S )  ,  I o n g s h o r e C fe l l  o f f  t o  ze ro  i n
abou t  3  days '  wh i l e  c  t ook  nea r l y  6  days ,  &s  a t  san  ono f re .
I f  we  we re  f i t t i ng  l i nes  t o  t he  i n teg ra l  o f  pa r t i c l e -ave raged
R i n  F igu re  3  ,  i n s tead  o f  t o  t he  i n teg ra r  o f  t i ne -ave raged
R r  we  n i gh t  choose  a  so rnewha t  d i f f e ren t  r  ,  g i v i ng  a  d i f f e ren t
s l ope  t o  t he  chosen  r i ne  K i  =  0 i  r t / ( v t r r t )  The  d i f f e rence
i s  un l i ke r y  t o  be  rna jo r ,  t hough ,  s i nce  bo th  i n t eg ra l s  have
the  same  i n i t i a r  s l ope  o f  I  As  shown  i n  g )  above ,  t he  con -
cen t ra t i on  w i t h i . n  a  ce r t a i n  d i s t ance  i s  na in l y  i n f l uenced  by
the  ea r l y  h i s t o r y  o f  K  ,  t ha t  i s ,  by  t he  va r i ance  o f  t he  ve l -
oc i t y r  So  i f  t he  pa r t i c l e -ave raged  and  t ime -ave raged  va r i ances
a re  abou t  t he  same  the  resu l t s  i n  t h i s  r ange  w i l l  no t  be  nuch
a f f ec ted  by  unce r ta i n t y  i n  t he  au toco r re l a t i on  f unc t i on .
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R e p r e s - e n t i n g  t h e  d i f f u s e r s  o f  u n i t s  2  a n d  3  b y  a  n o n i n a l
p o i n t - s o u r c e  a t  a  d i s t a n c e  a  f r o m  s h o r e  g i v e s  a  c o n s i d e r a b l e
u n c e r t a i n t y  a t  c l o s e  r a n g e ,  f a l l i n g  o f f  w i t h  d i s t a n c e .  T h e
a l l o w a n c e  f o r  i n i t i a t  d i s p e r s i o n  g i v e s  s o m e  r e a s s u r a n c e  t h a t
t h e  r e s u r t i n g  e . r r o r  w i l r  b e  r n i n o r  a t  d i s t a n c e s  o f  z  o r  3  k m ,
e x c e p t  f o r  t h e  u n c e r t a i n t y  i n  a s s i g n i n g  t h e  d i s t a n c e  a
w e  h a v e  c h o s e n  t h e  v a l u e  o f  z . s  k n  f o r  a  ,  b u t  i f  w e  k n e w
n o r e  $ t e  n i g h t  w e l l  a s s i g n  a  s o n e w h a t  d i f f e r e n t  v a l u e .  I f  t h e
a c t u a l  b e s t  v a l u e  w e r e  2  k n  r  s e v ,  t h e  v a l u e s  o f  p / p o  i n  F i g u r e s
4  t h r o u g h  6  w o u l d  b e  m u l t i p t i e d  b y  1 . 5 6  a n d  t h e  d i s t a n c e s
o n  t h e  a x e s  w o u l d  b e  n u l t i p l i e d  b y  f . Z o

T h e  r e s t  o f  t h e  p a r a m e t e r s  a r e  c o m p a r a t i v e l y  w e l l - d e f i n e d ,
t h o u g h  n o n e  o f  t h e n  a r e  p r e c i s e .  I { e  d o  n o t  k n o w  e n o u g h  t o
s e t  o b j e c t i v e  c o n f i d e n c e  l i n i t s  o n  t h e  f i n a l  r e s u l t s ,  b u t  w e
b e l i e v e  t h e  t h e  p l o t t e c i  v a l u e s  o f  p / p o  a t  g i v e n  d i s t a n c e s  a r e
g o o d  t o  a  f a c t o r  o f  a b o u t  t h r e e  o r  f o u r .  B y  w a y  o f  c o n f i r n i n g
t h e  o r d e r  o f  n a g n i t u d e r  h r €  n o t e  t h a t  t h e  i n d e p e n d e n t  o b s e r v a t i o n s
o f  d i l u t i o n  i n  t h e  p l u m e  a t  a b o u t  I  k n  f r o n  t h e  d i f f u s e r s  s h o w
r e r a t i v e  c o n c e n t r a t i o n s  o n  t h e  o r d e r  o f  . 0 s  i n  a b o u t  L / 3  o f
t h e  w a t e r  c o l u m n . I f  t h i s  o c c u r s  a b o u t  h a l f  t h e  t i n e  a t  a
g i v e n  p l a c e ,  t h e  r e s u l t i n g  l o n g * t e r n  m e a n  w o u l d  b e  o n  t h e  o r d e r
o f  . 0 I  ,  i n  a  r e g i o n  w h e r e  t h e  c a l c u l a t i o n s  ( n o t  m o d i f i e d  b y
a l l o w a n c e  f o r  i n i t i a l  d i s p e r s i o n )  w o u l d  p r e d i c t  s o n e t h i n g  l i k e
. 0 3  .  T h e s e  t w o  n u m b e r s  n e e d  n o t  a g r e e  c l o s e l y ,  b u t  i t  i s
r e a s s u r i n g  t h a t  t h e y  a r e  n o t  a n  o r d e r  o f  m a g n i t u d e  a p a r t .

R e f e r e n c e :

Dav i s ,  1985 . Dav i s ,  R .  E .  D r i f t e r
Su r face  Cu r ren t s  Du r i ng
and  Dynan i ca l  V iews .  Jou r .
C3 ,  4756 -72 ,  May  20 ,  t 985 .

O b s e r v a t i o n s  o f  C o a s t a l
C O D E :  t h e  S t a t  i s t  i c a l
G e o p h y s .  R e s .  9 0 ,
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! qz/a

CONTOURS OF G

Figure  L .  Contours  o f  G on  r f  a  and <12/a  (see p .  5 ) .
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F i g u r e  5 .  P l o t  o f  I  R d r  v s ,  t  ( s e e  p .  8 ) .
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