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INTRODUCTION 

S u p e r f l u x ,  a j o i n t   N a t i o n a l   O c e a n i c   a n d   A t m o s p h e r i c   A d m i n i s t r a t i o n  (NOAA) 
and   Na t iona l   Aeronau t i c s   and   Space   Admin i s t r a t ion  (NASA) s t u d y ,   w i t h  s t a t e  
a n d   a c a d e m i c   p a r t i c i p a t i o n ,   i n v o l v e s   b o t h   a i r b o r n e   r e m o t e   s e n s o r s   a n d  sea- 
g o i n g   o c e a n o g r a p h i c   r e s e a r c h   v e s s e l s .  I ts  purposes  a re  t o :  l) advance   t he  
deve lopmen t   and   t r ans fe r   o f   improved   r emote   s ens ing   sys t ems   and   t echn iques  
f o r   m o n i t o r i n g   e n v i r o n m e n t a l   q u a l i t y   a n d   e f f e c t s   o n   l i v i n g   m a r i n e   r e s o u r c e s ;  
2)  i n c r e a s e   o u r   u n d e r s t a n d i n g  of  t h e   i n f l u e n c e  o f  e s t u a r i n e   " o u t w e l l i n g s l l  
(p lumes )   on   con t iguous   she l f   ecosys t ems ;   and  3 )  p r o v i d e  a s y n o p t i c ,   i n t e g r a t e d  
a n d   t i m e l y   d a t a   b a s e   f o r   a p p l i c a t i o n  to problems  of   mar ine   resources ,   and  
e n v i r o n m e n t a l   q u a l i t y .  A s  such  i t  i s  a s t u d y   w h i c h   r e q u i r e s  a m u l t i - d i s c i -  
p l i n a r y   a n d ,   c o n s e q u e n t l y ,  a m u l t i - o r g a n i z a t i o n a l   a p p r o a c h .  

Chesapeake Bay i s  t h e   l a r g e s t   e s t u a r y   i n   t h e   U n i t e d   S t a t e s   a n d  i s  under  
e v e r - i n c r e a s i n g   u s e   a n d  stress by  man.  The p o t e n t i a l   f o r   s t u d y i n g   e f f e c t s  
o f   i n c r e a s i n g  stress o n   o f f s h o r e   e n v i r o n m e n t s ,   p l u s   t h e   p o t e n t i a l   f o r   d e -  
v e l o p i n g  a c o h e r e n t   s t u d y   w i t h  a number   o f   i nves t iga to r s ,   e ach   p rov id ing  
d i f f e r e n t   y e t   r e l e v a n t   t a l e n t s ,   l e d   u s   t o   s e l e c t   t h e   C h e s a p e a k e  Bay mouth  and 
o f f s h o r e  plume as a p r imary  area f o r   s t u d y i n g   e s t u a r i n e - s h e l f   i n t e r a c t i o n s   i n  
c o n j u n c t i o n   w i t h   r e m o t e   s e n s i n g .  The u s e   o f   a i r b o r n e   r e m o t e   s e n s o r s   i n  
c o n c e r t   w i t h   s e a - g o i n g   o c e a n o g r a p h i c   r e s e a r c h   v e s s e l s   o f f e r e d   t h e   p o t e n t i a l  
t o   u n d e r s t a n d  a t i d a l l y   d y n a m i c  area.  The   r emote   s enso r s   cou ld   p rov ide  a 
s y n o p t i c   p i c t u r e  of t h e   s u r f a c e   d i s t r i b u t i o n s   a n d   a b u n d a n c e s   o f   s e l e c t e d  
v a r i a b l e s   ( t e m p e r a t u r e ,   s a l i n i t y ,   c h l o r o p h y l l  a ,  p h y t o p l a n k t o n   c o l o r   g r o u p s ,  
a n d   t o t a l   s u s p e n d e d   m a t t e r ) .   S u r f a c e   s h i p s   p r g v i d e   t h e   d a t a   r e q u i r e d   t o  
c a l i b r a t e   t h e   r e m o t e   s e n s o r s   ( a s  sea t r u t h )  as w e l l  as t h e   t h r e e - d i m e n s i o n a l  
v i ew  o f   t he  water c o l u m n   r e q u i r e d   t o   i n t e r p r e t   r e m o t e   s e n s i n g   i m a g e r y .  
A d d i t i o n a l l y ,   s h i p s   c a n   c o l . l e c t   d a t a   n o t   d i r e c t l y   r e l a t a b l e   t o   t h a t   f r o m  
r e m o t e   s e n s o r s   ( c e r t a i n   c o n t a m i n a n t s   a n d   b i o s t i m u l a n t s ,  as w e l l  as b i o l o g i c a l  
e f f e c t s   d a t a )   y e t  o f   h i g h   i n t e r e s t   i n  terms of e n v i r o n m e n t a l   q u a l i t y   a n d  
resource  management.   Such  measurements,  i t  would   be   hoped ,   would   be   re la tab le  
t o   c e r t a i n   o f   t h e   v a r i a b l e s   m e a s u r e d   b y   r e m o t e   s e n s o r s .   I n   t h a t   w a y ,   r e m o t e  
s e n s i n g   i m a g e r y   c o u l d   h e l p   s o l v e   t h e   t e m p o r a l - s p a t i a l   p r o b l e m s   e n c o u n t e r e d  
b y   s h i p s   i n   t i d a l l y   d y n a m i c  areas b y   p r o v i d i n g ,   i n   c o n j u n c t i o n   w i t h   s h i p b o a r d  
d a t a   f o r   i n t e r p r e t a b i l i t y ,   s y n o p t i c   i n f o r m a t i o n   r e l e v a n t   t o   t h e   d e t e r m i n a t i o n  
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o f   e n v i r o n m e n t a l   q u a l i t y   a n d   t h e  management of resources.  The  goal of Superflux 
i s  t o   h a s t e n   t h e   d a y  when t h i s   w o u l d   o c c u r .  

To d a t e   t h r e e   e x p e r i m e n t s ,   t i m e d   t o   c o i n c i d e   w i t h   p e r i o d s   o f   h i g h ,  
medium, a n d   l o w   f r e s h w a t e r   d i s c h a r g e ,   h a v e   t a k e n   p l a c e .   T h e s e  were 11-20 
March 1980   (Supe r f lux  I ) ,  17-27 June   1980   (Supe r f lux  11) and 13-22 October 
1 9 8 0   ( S u p e r f l u x   1 1 1 ) .   D r o u g h t   c o n d i t i o n s   e x i s t e d   d u r i n g   S u p e r f l u x   e x p e r i -  
ments I1 and 111. 

SUPERFLUX I 

D u r i n g   t h e   f i r s t   e x p e r i m e n t  (11-20 March  1980) , NASA f l e w   f o u r   m i s s i o n s  
w i t h   a i r b o r n e   r e m o t e   s e n s o r s .   T h e   m i s s i o n s  were of  two b a s i c   t y p e s :  1) 
plume  mapping  missions  which  overf lew  the  Chesapeake Bay mouth  and  plume area, 
and 2) s h e l f   t r a n s e c t :   m i s s i o n s   w h i c h   f l e w   f r o m   t h e  James River mouth e a s t  
a c r o s s   t h e   s h e l f   t o   t h e   c o n t i n e n t a l   s l o p e / r i s e  area. The  low a l t i t u d e  
m i s s i o n s   a c r o s s   t h e   s h e l f   a n d   o v e r  the  p l u m e   c o l l e c t e d   d a t a   w i t h  two laser 
f luo rosenso r s   (A i rbo rneLida r   Oceanograph ic   P rob ing  Experiment-ALOPE and   an  
Airborne  Oceanographic  Lidar-AOL) f o r   c h l o r o p h y l l ,   p h y t o p l a n k t o n   c o l o r   g r o u p s  
and t o t a l   s u s p e n d e d  matter,  a n  L-band  microwave   rad iometer   for   sa l in i ty ,   and  
a PRT-5 i n f r a r e d   r a d i o m e t e r   f o r   t e m p e r a t u r e .  On t h e   h i g h   a l t i t u d e   f l i g h t s ,  
a narrow  swath  width  (nadir   looking)   Mult ichannel   Ocean  Color   Scanner  (MOCS) 
w a s  u s e d   t o   s e n s e   c h l o r o p h y l l   a n d   t o t a l   s u s p e n d e d  matter. The  L-band  micro- 
wave  and PRT-5 i n f r a r e d   r a d i o m e t e r s  were a l s o   u s e d .  

T h e   N o r t h e a s t   F i s h e r i e s   C e n t e r  (NEFC), N a t i o n a l   M a r i n e   F i s h e r i e s   S e r v i c e  
(NMFS), i n   c o n j u n c t i o n   w i t h   t h e  N O M ,  Nat iona l   Ocean   Survey  ( N O S ) ,  t h e  U. S.  
Coast  Guard,  Old  Dominion  University (ODU), a n d   t h e   V i r g i n i a   I n s t i t u t e   o f  
Mar ine   Sc ience  (VIMS), c o l l e c t e d   t h e   r e q u i r e d  sea t r u t h   f o r   t h e s e   m i s s i o n s  
( f i g s .  1 and 2 ) .  A s  p a r t   o f   t h e   e x p e r i m e n t a l   d e s i g n ,   p r e -   a n d   p o s t - s u r v e y  
f l i g h t s   b y  a VIMS B e a v e r   a i r c r a f t  were made t o   p r o v i d e   v i s u a l   i n f o r m a t i o n   o n  
t h e   l o c a t i o n   a n d   s h a p e   o f   t h e   C h e s a p e a k e   p l u m e   ( f i g s .  3 and 4 ) .  The  pre- 
s u r v e y   f l i g h t   i n f o r m a t i o n  was u s e d   t o   e s t a b l i s h   s t a t i o n   l o c a t i o n s   f o r  a 
d e t a i l e d   c r u i s e   b e t w e e n   t h e   m o u t h   o f   C h e s a p e a k e  Bay and   Oregon   In l e t ,   Nor th  
C a r o l i n a   t o   d e f i n e   t h e   t h r e e - d i m e n s i o n a l   s t r u c t u r e   o f   t h e   p l u m e   i n   r e g a r d   t o  
t e m p e r a t u r e ,   s a l i n i t y ,   d i s s o l v e d   o x y g e n ,   c h l o r o p h y l l  a ,  phaeopigments,   and 
t o t a l   p l a n k t o n   r e s p i r a t i o n   ( f i g .  5 ) .  A d d i t i o n a l   i n d e p e n d e n t   s t u d i e s  (Bay 
P l e x )  were c a r r i e d   o u t   i n   t h e   b a y   m o u t h   b y  D r .  George Oertel a n d   c o l l e a g u e s ,  
O D U ,  and i n   t h e  plume f o r   f i n e   s t r u c t u r e   d e f i n i t i o n   b y  D r .  John  Ruzecki,VIMS. 

SUPERFLUX I1 

The  second  experiment (17-27 June  1 9 8 0 ) ,  i n  terms of area f l o w n ,   s h i p s  
p a r t i c i p a t i n g ,   s e n s o r s   u s e d ,   a n d   o c e a n o g r a p h i c   v a r i a b l e s   m e a s u r e d ,  was g r e a t l y  
e x p a n d e d   r e l a t i v e   t o   t h e   f i r s t   o p e r a t i o n .  NASA f l ew   seven   mi s s ions   wh ich   i n -  
c l u d e d   f o u r   o v e r   t h e   p l u m e ,   o n e   a c r o s s   t h e   s h e l f ,   o n e   o v e r   t h e  Delaware Bay 
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mouth,  and  one up t h e   f u l l   l e n g t h   o f   t h e   C h e s a p e a k e  Bay.  The  low a l t i t u d e  
f l i g h t s   o v e r   t h e   C h e s a p e a k e   a n d  Delaware p lumes   and   ac ross   t he   she l f   i n -  
vo lved   t he   u se  of two laser f luo rosenso r s   (LOPE  and  AOL), t h e  MOCS, t h e  
L-band microwave   rad iometer ,   and   the  PRT-5. T h e   h i g h   a l t i t u d e   f l i g h t s   o v e r  
Chesapeake  and Delaware bays ,   ac ross   t he   she l f   and   ove r   t he   Chesapeake   p lume ,  
u s e d   t h e   n a d i r   l o o k i n g  MOCS, t h e  L-band and PRT-5 r a d i o m e t e r s ,  as w e l l  as a 
r e l a t i v e l y   w i d e r   s w a t h   w i d t h   s c a n n e r   ( T e s t  Bed Airborne  Mult ichannel   Scanner-  
TBAMS), which w a s  f e l t   m igh t   be   more   su i t ab le   fo r   two-d imens iona l   mapp ing   o f  
c h l o r o p h y l l   a n d   t o t a l   s u s p e n d e d  matter. 

I n   c o n j u n c t i o n   w i t h  a l a r g e  number  of i n s t i t u t i o n s   i n c l u d i n g  NOS,  NASA, 
U. S.  Naval Academy, S ta t e   o f   Mary land   Depa r tmen t   o f   Na tu ra l   Resources ,  Uni- 
v e r s i t y   o f  Delaware, Anne Arundel Community C o l l e g e ,   U n i v e r s i t y   o f  M i a m i ,  
Chesapeake Bay I n s t i t u t e   ( C B I ) ,  ODU, and VIMS, NEFC p a r t i c i p a t e d   i n   t h e  
expe r imen t   t o   p rov ide  sea t ru th   and   o the r   measu remen t s .  A t o t a l   o f  1 4  v e s s e l s  
p a r t i c i p a t e d   ( f i g .   6 ) .   A g a i n ,  a VIMS Beaver a i r c r a f t  made pre-   and  post-  
s u r v e y   o v e r f l i g h t s   t o   p r o v i d e   i n f o r m a t i o n   o n   t h e   l o c a t i o n   a n d   s h a p e   o f   t h e  
Chesapeake  plume  ( f ig .  7 ) .  B a s e d   o n   t h i s   i n f o r m a t i o n ,   t h e  NOAA s h i p  Delaware 
11 occupied 26 s t a t i o n s   f r o m   t h e  mouth  of  the  Chesapeake Bay sou th   t o   Oregon  
I n l e t ,   N o r t h   C a r o l i n a   ( f i g .  8) t o   g a t h e r   d a t a   t h r o u g h o u t   t h e  water column i n  
r e g a r d  t o  t e m p e r a t u r e ,   s a l i n i t y ,   d i s s o l v e d   o x y g e n ,   n u t r i e n t s ,   c h l o r o p h y l l  a ,  
phaeop igmen t s ,   phy top lank ton   spec ie s   compos i t ion ,   t o t a l   suspended  matter 
(TSM) a n d   t o t a l   p l a n k t o n   r e s p i r a t i o n .   A d d i t i o n a l  work  under   contract   was 
c a r r i e d   o u t   a b o a r d   t h e  Delaware 11 a t   t h e  14  n o r t h e r n m o s t   s t a t i o n s   c l o s e s t  
t o   t h e   b a y   m o u t h .   C o n t r a c t s  were g i v e n   t o :   1 )  ODU (Drs .   Ter ry  Wade and 
G e o r g e   O e r t e l )   t o   s t u d y   h y d r o c a r b o n s   a s s o c i a t e d   w i t h   t o t a l   s u s p e n d e d  matter; 
2) VIMS ( D r .   R i c h a r d   H a r r i s )   t o   e x a m i n e   s e l e c t e d   h e a v y   m e t a l s   a s s o c i a t e d   w i t h  
t o t a l   s u s p e n d e d  matter; and 3 )  VIMS (Drs.  Howard Kator   and   Paul   Zubkoff )   to  
s t u d y   b a c t e r i a l   b i o m a s s   a n d   h e t e r o t r o p h i c   p o t e n t i a l   a s s o c i a t e d   w i t h   t h e  
Chesapeake  plume.   Other   contract   work  to  ODU, i nc lud ing   nu t r i en t s   (Dr .   George  
Wong), phytoplankton  spec ie s  composi t ion  (Dr.   Harold  Marshal l ) ,   and TSM (Dr. 
George   Oer t e l ) ,  w a s  i n i t i a t e d   t o  see i f  w e  c o u l d   u s e   r e m o t e   s e n s i n g   t o  t e l l  us  
s o m e t h i n g   a b o u t   c o n t a m i n a n t s ,   b i o s t i m u l a n t s ,   a n d   b i o l o g i c a l   e f f e c t s   i n   t h e  
plume a r e a .  

- 

D u r i r g   t h i s   e x p e r i m e n t ,  NEFC a l so   co l l ec t ed   con t inuous   unde rway   and  
d i s c r e t e   s a m p l e s   ( e v e r y  10-15 m i n u t e s )   a c r o s s   t h e   s h e l f   a n d   a l o n g   s e v e r a l  
t r a n s e c t s  .of t h e  plume f o r   c h l o r o p h y l l  5 and  phaeopigment   de te rmina t ions ,  
b o t h   i n   c o n j u n c t i o n   w i t h   r e m o t e   s e n s i n g   o v e r f l i g h t s   a n d   i n d e p e n d e n t   o f   t h e m  
( f i g .  9 ) .  

A d d i t i o n a l   s t u d i e s  w e r e  undertaken  by VIMS (Dr.   John  Ruzecki)  to  examine 
t h e   f i n e   s t r u c t u r e   o f   t h e  plume i n   r e g a r d   t o   t e m p e r a t u r e ,   s a l i n i t y ,   a n d  
c h l o r o p h y l l .   T h i s  w a s  accompl ished   by   co l lec t ing   cont inuous   underway  da ta  
w i t h   p e r i o d i c   s t a t i o n s   f o r   c o n d u c t i v i t y ,   t e m p e r a t u r e   a n d   d e p t h  (CTD) c a s t s .  
ODU (Dr.  George Oertel a n d   c o l l e a g u e s )   a g a i n   p e r f o r m e d  a comprehensive set  of 
e x p e r i m e n t s   c a l l e d  Bay P l e x   i n   t h e  Bay mouth.   These  experiments were de- 
s i g n e d   t o   p r o v i d e   i n f o r m a t i o n   a b o u t   t h e   s o u r c e   o f   t h e   v a r i o u s  water masses  
coming out   of   the   mouth  of   Chesapeake  Bay.   During  this  same time, C B I  
(Dr. B i l l  Boicourt)   moored some 50 c u r r e n t  meters i n  lower  Chesapeake Bay 
a n d   a d j a c e n t   s h e l f  area.  F i n a l l y ,   t h e   U n i v e r s i t y   o f  M i a m i  (Dr .   Mi tch   Roffer )  



e x a m i n e d   t h e   d i s t r i b u t i o n   o f   c e r t a i n   f i s h   i n   r e l a t i o n   t o  sea sur face   t empera-  
t u r e   o b t a i n e d  v ia  s a t e l l i t e  and   sh ipboard   measurements .  

SUPERFLUX I1 I 

Dur ing   t he   t h i rd   expe r imen t   (13 -22   Oc tobe r   1980) ,  NASA f l e w   f o u r  m i s -  
s i o n s ,  two of  which were f o r  plume  mapping  and two s h e l f   t r a n s e c t s ;  a l l  were 
h i g h   a l t i t u d e .  Two a i r c r a f t ,  a NASA P-3 c a r r y i n g  a n a d i r   l o o k i n g  MOCS and 
a NASA Lear Je t  c a r r y i n g  a wide  swath  width  Ocean  Color   Scanner  (OCS), par- 
t i c i p a t e d   t o   e x a m i n e   t o t a l   s u s p e n d e d  matter a n d   c h l o r o p h y l l   c o n c e n t r a t i o n s  
b o t h   i n   t h e   p l u m e   a n d   a c r o s s   t h e   s h e l f .  

The NEFC, w i t h  NASA, VIMS, and ODU, c o l l e c t e d   r e q u i r e d   s e a   t r u t h   f o r  
e a c h   o f   t h e s e   m i s s i o n s .   T h e   e x p e r i m e n t   s t a r t e d   o n  1 3  Octobe r   w i th  a pre-  
s u r v e y   f l i g h t  by t h e  VIMS B e a v e r   A i r c r a f t   ( f i g .  1 0 ) .  The r e s u l t s   o f   t h a t  
f l i g h t p l u s p r e - m i s s i o n   s a t e l l i t e   i m a g e r y   o f   t h e  area were p r e s e n t e d   a t  a 
pre-cru ise   meet ing   by  D r .  John  Ruzecki (VIMS) and D r .  Fred  Vukovich  (Research 
T r i a n g l e   I n s t i t u t e ,   N o r t h   C a r o l i n a ) ,   r e s p e c t i v e l y .  D r .  John Munday (VIMS), 
a l s o   u n d e r   c o n t r a c t ,   p r e s e n t e d   p r e l i m i n a r y   i n f o r m a t i o n   i n   r e g a r d   t o   L a n d s a t  
images   o f   t he   a r ea .   Based   on   t h i s   i n fo rma t ion   t he  R / V  K e l e z  c a r r i e d   o u t  a 
p lume   su rvey   ( f ig .  11). A t  t h e   n o r t h e r n m o s t   1 4   s t a t i o n s   ( e x c l u d i n g   s t a t i o n s  
8 2 2  and  824) ,   samples  were c o l l e c t e d   t h r o u g h o u t   t h e  water column f o r   d e t e r -  
minat ion  of   hydrocarbons (ODU) and  heavy metals (VIMS) a s s o c i a t e d   w i t h   t o t a l  
suspended matter,  as w e l l  as  f o r   b a c t e r i a l   b i o m a s s   a n d   h e t e r o t r o p h i c   p o t e n -  
t i a l  (VIMS), d i s s o l v e d   a n d   p a r t i c u l a t e   o r g a n i c   c a r b o n   a n d   n i t r o g e n  (NEFC/ 
Un iv .   De laware ) ,   and   a lga l   b ioas say  (ODU). A t  24 s t a t i o n s   b e t w e e n   t h e   b a y  
mouth   and   Oregon  In le t ,   Nor th   Caro l ina ,   samples  were c o l l e c t e d   t h r o u g h o u t  
t h e   w a t e r   c o l u m n   f o r   t e m p e r a t u r e ,   s a l i n i t y ,   d i s s o l v e d   o x y g e n ,   d i s s o l v e d   i n -  
o r g a n i c   n u t r i e n t s  (ODU), c h l o r o p h y l l  a and  phaeopigments ,   phytoplankton 
s p e c i e s   c o m p o s i t i o n  (ODU), t o t a l   s u s p e n d e d  matter (ODU) a n d   t o t a l   p l a n k t o n  
r e s p i r a t i o n .  

S e v e r a l  new expe r imen ta l   app roaches  were i n i t i a t e d   d u r i n g   t h i s   t h i r d  
exper iment .  The f i r s t   o f   t h e   t h r e e  OCS o v e r f l i g h t s   o c c u r r e d   o n  15 October .  
F o r   t h i s   o v e r f l i g h t   o f   t h e   C h e s a p e a k e  Bay p l u m e ,   f o u r   r e s e a r c h   v e s s e l s  were 
s t a t i o n e d   a l o n g   f o u r   t r a n s e c t s   p e r p e n d i c u l a r   t o   t h e   f l o w   o f   t h e   p l u m e   ( f i g .  
1 2 ) .  The R / V  Langley (NASA) c o l l e c t e d   d a t a   a c r o s s   t h e   b a y   m o u t h ,   t h e  R / V  
HoZton (ODU) a l o n g  a t r a n s e c t  east  n o r t h e a s t   f r o m  Cape  Henry,  the R / V  John 
Smith (VIMS) e a s t   f r o m   R u d e e   I n l e t   a n d   t h e  R / V  Kelez (NOAA) east  f rom  the  
Dam Neck Fi r ing   Range .  The o b j e c t  was to   sample  the  plume - v e r t i c a l l y  and 
h o r i z o n t a l l y  - w i t h   s u r f a c e  vessels d u r i n g   t h e  same time i n t e r v a l  as  t h e  OCS 
o v e r f l i g h t ,   a b o u t  two h o u r s .   T h i s  w a s  a c c o m p l i s h e d   s u c c e s s f u l l y .  

I n   a d d i t i o n ,  a 12   hour   s tudy  w a s  done   a long   t he   p lume   t r ansec t   runn ing  
e a s t   n o r t h e a s t   f r o m  Cape  Henry to   improve   unde r s t and ing   o f  t i d a l  i n f l u e n c e  
on o u r   d a t a .  Vertical  c a s t s   u s i n g  a CTD were made fo r   t empera tu re   and  
s a l i n i t y , a n d   n e a r   h i g h   a n d  a t  low t i d e  a t  s t a t i o n  69 c l o s e   t o  Cape  Henry, 
samples were t a k e n   f o r   d i s s o l v e d   o x y g e n ,   n u t r i e n t s ,   c h l o r o p h y l l  a and  phaeo- 
p i g m e n t s ,   t o t a l   p l a n k t o n   r e s p i r a t i o n ,   b a c t e r i a l   b i o m a s s   a n d   h e t e r o t r o p h i c  
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p o t e n t i a l ,   t o t a l   s u s p e n d e d  matter, hydrocarbons  and  heavy metals. 

On O c t o b e r   2 1   ( f i g .   1 3 ) ,   d i s c r e t e   s u r f a c e   b u c k e t   s a m p l e s   f o r   c h l o r o p h y l l  
- a and  phaeopigments were c o l l e c t e d   e v e r y   1 0 - 1 5   m i n u t e s   a c r o s s   t h e   s h e l f   f r o m  
t h e   b a y   m o u t h   t o   t h e   c o n t i n e n t a l   s l o p e   t o   p r o v i d e   d e t a i l e d   i n f o r m a t i o n   i n  
p r e p a r . a t i o n   f o r   t h e  NASA c r o s s - s h e l f  transects which   occur red  l a t e r  t h a t   d a y  
(MOCS) a n d   t h e   f o l l o w i n g   d a y  (MOCS and OCS). Of p a r t i c u l a r   i n t e r e s t  was t h e  
a i r c r a f t - d i r e c t e d   s h i p b o a r d   s a m p l i n g   ( f i g .   1 4 )   t o   e n s u r e   d e f i n i . t i o n   o f   t h e  
m a j o r   h y d r o g r a p h i c   ( c h l o r o p h y l l )   r e g i m e s   a c r o s s   t h e   s h e l f .   P a r t i c u l a r  em- 
p h a s i s  w a s  p l a c e d   o n   d e f i n i n g   t h e   s o - c a l l e d   " g r e e n  river'' ( c h l o r o p h y l l )  
o f f s h o r e .  

A s  w i t h   t h e  M a r c h   a n d   J u n e   e x p e r i m e n t s ,   a d d i t i o n a l   s t u d i e s  were accom- 
p l i s h e d   i n   O c t o b e r   b y  VIMS ( f i n e   s t r u c t u r e   o f   t h e   p l u m e )   a n d   b y  ODU (Bay 
P l e x )  . 

STANDARDIZATION 

To s t a n d a r d i z e   s a m p l i n g   a n d   a n a l y t i c a l   m e t h o d s ,  a d i v i s i o n   o f   r e s p o n -  
s i b i l i t i e s  w a s  i n s t i t u t e d  a t  t h e  t i m e  o f   t h e   f i r s t   e x p e r i m e n t   w h e r e i n   e a c h  
p a r t i c i p a t i n g   g r o u p   b e c a m e   r e s p o n s i b l e   f o r   t h e   s a m p l i n g   p r o t o c o l   a n d   p r o -  
c e s s i n g   o f   p a r t i c u l a r   t y p e s   o f   s a m p l e s .   F o r   e x a m p l e ,   t h e  NEFC w a s  r e s p o n s i b l e  
f o r   c h l o r o p h y l l  a and  phaeopigments ,  D r .  M a r s h a l l  (ODU) f o r   p h y t o p l a n k t o n   a n d  
D r .  Kator  (V1MS)-for b a c t e r i a .   T h i s   s t a n d a r d i z a t i o n   a p p l i e d   p a r t i c u l a r l y  
t o  s a m p l e s  b e i n g   c o l l e c t e d   f r o m   s e v e r a l   r e s e a r c h   v e s s e l s  a t  t h e  same time. 
The   va r ious   p ro toco l s   and   s ampl ing   p rocedures  a re  d i s c u s s e d  a s  a p p r o p r i a t e  
i n   t h e   s u c c e e d i n g   p a p e r s .  

CONCLUDING REMARKS 

We have   heard   f rom D r .  J o h n   W a l s h   t h a t   t h e   o u t f l o w   o f   w a t e r s   a n d   n u t r i -  
ents   f rom  Chesapeake Bay d u r i n g   t h e  summer may b e   t h e   d o m i n a n t   f a c t o r   i n   s u s -  
t a i n i n g   p r i m a r y   p r o d u c t i o n   i n   s h e l f  waters o f f   t h e   b a y .   S u c h   a n   e f f e c t   o n  
t h e   c o n t i g u o u s   s h e l f   e c o s y s t e m   c o u l d   b e   l a b e l l e d  as p o s i t i v e .  D r .  J a c k   P e a r c e  
n o t e d   t h a t   e s t u a r i e s  were m a j o r   s o u r c e s   o f   p o l l u t a n t s   t o   t h e   c o n t i n e n t a l  
s h e l f ,   a n d   t h a t  c e r t a in  o f   t h e   l i v i n g  marine r e s o u r c e s  showed  above-expected 
c o n t a m i n a n t   l e v e l s  a t  w i d e l y   d i s t r i b u t e d   l o c a t i o n s  away f r o m   t h e   e s t u a r y .  
T h i s   c o u l d   b e   l a b e l l e d  a n e g a t i v e   i n f l u e n c e .  H e  t a l k e d   f u r t h e r   a b o u t   t h e  
p o t e n t i a l   r o l e   r e m o t e   s e n s o r s   c o u l d   p l a y ,   p a r t i c u l a r l y   o v e r   l a r g e   o r  es- 
pec ia l ly   dynamic  areas (e .g .   e s tua r ine   p lumes ) ,   by   p rov id ing   t he   t empora l -  
s p a t i a l   f r e q u e n c y   a n d   s y n o p t i c i t y   r e q u i r e d   f o r   a p p l i c a t i o n   t o   p r o b l e m s  of 
mar ine   r e source   and   env i ronmen ta l   qua l i t y .   Sampl ing   o f   t he   p l ank ton ic  
componen t   o f   t he   mar ine   ecosys t em  th rough   t r ad i t i ona l   app roaches   ( sh ips )   has  
b e e n   l a b o r   i n t e n s i v e   a n d  i s  less t h a n   d e s i r a b l e   b e c a u s e   o f   t h e   l a c k   o f  t e m -  
p o r a l - s p a t i a l   f r e q u e n c y   a n d   s y n o p t i c i t y .   I n   r e s p o n s e ,  D r .  J ane t   Campbe l l  
d i s c u s s e d   s e n s o r   d e v e l o p m e n t   a n d   o u t l i n e d   p o s s i b i l i t i e s   f o r   t e c h n o l o g y  
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t ransfer   to   he lp   p rovide   the   requi red   sampl ing   "breakthrough" .  I mentioned 
the   in te rac t ion   be tween  sur face   sh ips   and   remote   sensors   to   enhance   our  
a b i l i t y   t o   i n t e r p r e t   t h e   i m a g e r y   i n  terms of t h e  ver t ica l  water column  and 
o the r   va r i ab le s   no t   d i r ec t ly   measu reab le   v i a   r emote   s ens ing .  

Thus w e  may say   t ha t :   e s tua r ine   ou twe l l ings   i n f luence   con t iguous  
cont inenta l   she l f   ecosys tems  bo th   pos i t ive ly   and   nega t ive ly ;   the   immedia te  
area of   in f luence  i s  dynamic  and the re fo re   r equ i r e s   synop t i c   s ampl ing   fo r  
u n d e r s t a n d i n g ;   s y n o p t i c i t y   f o r   t h e   s u r f a c e   l a y e r   c a n   b e   o b t a i n e d   u s i n g  
r emote   s enso r s ;   added   capab i l i t y   fo r   i n t e rp re t ing   t he   imagery   can   be   ob ta ined  
by having   sur face  vessels work in   con junc t ion   w i th   t he   r emote   s enso r s ;  and 
t h i s   i n t e r a c t i o n   a i d e s   f u r t h e r   i n   t h e   d e v e l o p m e n t  of s enso r s  and t h e   t r a n s f e r  
of technology  to   provide  us   with  the  " tools"  w e  need t o  do our   jobs .  
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F i g u r e  1.- S t a t i o n   l o c a t i o n s  f o r  sea t r u t h   s a m p l i n g   d u r i n g   S u p e r f l u x  .I, 
11-20 March 1980. A U.  S .  Coast  Guard  Launch; NOAA-NOS Launch; 

ODU R/V HoZton ; 0 VIMS R/V John Smith. 



CHESAPEAKE BAY PLUME 
EXPERIMENT I 

12-20 MARCH 1980 
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Figure  2.-  S t a t i o n   l o c a t i o n s   s a m p l e d  by NOAA Ship  KeZez t o  provide  sea 
t r u t h   f o r   r e m o t e   s e n s o r s .  
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Figure 3 . -  Map showing  locat ions and  shape of Chesapeake Bay plume dur ing  
. P r e - s u r v e y   f l i g h t  by a VIMS B e a v e r   a i r c r a f t  on 11 March 1980.  Visual 

obse rva t ions  made by Dr. John  Ruzecki, VIMS. 
Y 



F i g u r e  4.- Map s h o w i n g   l o c a t i o n   a n d   s h a p e  of Chesapeake Bay p lume  dur ing  
p o s t - s u r v e y   f l i g h t   b y  a YIMS Beaver a i r c r a f t   o n  20 March 1980. V i s u a l  
o b s e r v a t i o n s  made by  D r .  John  Ruzecki ,  VIMS. 



F i g u r e  5.- S t a t i o n   l o c a t i o n s   s a m p l e d  by NOAA S h i p  
K d e z  d u r i n g   d e t a i l e d  survey of Chesapeake Bay 
plume,  12-20  March 1980. 

I 

CHESAPEAKE BAY PLUME 
EXPERIMENT I 
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A = NOAA S h i p  Kelea 

E = NASA R/V LmgZe9 
F = U . S .  Naval Academy Boat 
G = S t a t e  o f  Elaryland-DNR Boat 
H = VIM RIV Johx Smith 
I = Univ. Delaware R / V  I.'oZveriue 
J = Univ.  Delaware  Boat 
K = ODU RIV Holton 
L - Univ.  tliami  Boat 
M = Anne Arundel Community 

Col lege  Boat 
N = CBI RIV idarfield 

~ 

F i g u r e  6.- Map s h o w i n g   l o c a t i o n s  of  vessels p a r t i -  
c i p a t i n g , i n  the c o l l e c t i o n  of sea t r u t h  
d u r i n g   S u p e r f l u x  11, 17--27 J u n e  1980. 
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F i g u r e  7.-  Map showing   l oca t ion   and   shape  of Chesapeake Bay plume  during 
p r e -   a n d   p o s t - s u r v e y   f l i g h t s   b y  a YIMS Beaver a i r c r a f t  on 1 6  and 22 
June  1980. V i s u a l   o b s e r v a t i o n s  made by D r .  John   Ruzecki ,  VIMS. 
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F i g u r e  8.- S t a t i o n   l o c a t i o n s   s a m p l e d  by NOAA S h i p  
'Delaljare 11 d u r i n g   d e t a i l e d   s u r v e y  of  
Chesapeake Bay plume, 17-27  June  1980. 

F i g u r e  9 . -  Map s h o w i n g   l o c a t i o n s   o f   t r a n s e c t s  
a long   wh ich   con t inuous   and   d i sc re t e   unde rway  
c h l o r o p h y l l  a and  phaeopigment   samples  were 
c o l l e c t e d   d u r i n g   S u p e r f l u x  11. All samples  
were c o l l e c t e d   f r o m  a d e p t h  o f  3 meters. 



Figure   10 . -  Map showing  loca t ion   and   shape  of Chesapeake Bay plume  during 
p r e - s u r v e y   f l i g h t   b y  a VIMS Beaver a i r c r a f t   o n  13 October  1980. Visua l  
o b s e r v a t i o n s  made by D r .  John  Ruzecki,  VIMS. 
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Figure 11.- S ta t ion   l oca t ions   s ampled  by NOAA 
Ship KeZez d u r i n g   d e t a i l e d   s u r v e y  of 
Chesapeake Bay plume, 14-22 October  1980. 
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Figure 12.-  Locat ions o f  t r a n s e c t s  and s t a t i o n s  
sampled  concurrent ly   with a two hour  Ocean 
Color   Scanner   over f l igh t  on 15  October  1980. 
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F i g u r e  1 3 . -  S u r f a c e   b u c k e t   s t a t i o n s   s a m p l e d   f o r   c h l o r o p h y l l  a, phaeopigments ,  
and   t empera tu re   on  2 1  Oc tobe r  1980. 
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Figure 14 . -  S t a t ions   s ampled   by  NOAA Ship  KeZez d u r i n g  MOCS-OCS o v e r f l i g h t s  
on 22 October  1980. S q u a r e s   i n d i c a t e   l o c a t i o n s  of hydrocas t   samples  
from 1 meter and 3 meters. T r i a n g l e s   i n d i c a t e   l o c a t i o n s  of s u r f a c e  
bucket   Samples   only.  
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