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INTRODUCTION 

Cont rac t  EY-76-S-09-0901 ( f o r m e r l y  E(38-1)-901) prov ides f o r  

coo rd ina t i on  o f  ERDA supported oceanographic research ' i n  the  U. S. 

Southeast A t l a n t i c  area. Under the  o b l i g a t i o n s  o f  t he  contrac: t  t h e  . . 

f o l l ow ing  func t i ons  were assumed ' i n  December 1975. 

1) To e s t a b l i s h  l i a i s o n  between p a r t i c i p a t i n g  s c i e n t i s t s  through 

the  mechanisms o f  meetings and data exchange. 

2) To coord ina te  the  use of sh ips and o the r  major f a c i  1  i t i e s .  

3 To p rov ide  a  summary syn thes is  ' o f  major  s c i e n t i f i c  conc1usions 

r e s u l t i n g  f rom work i n  the  area. 



I. GENERAL OVERVIEK 

The p lann ing  and management f o r  o f f s h o r e  s i t i n g  o f  reac tors ,  deep- 

water  p o r t s ,  o i l  o r  gas d r i l l i n g  p la t fo rms  and/or o t h e r  man-made s t r u c -  

t u res  requ i res  a  bas ic  unders tand ing 'o f  geophysical p r o p e r t i e s  o f  t he  

c o n t i n e n t a l  s h e l f  subs t ra te  and the  e f f e c t  t h a t  t h e  ope ra t i on  o f  t he  

f a c i l i t y  may have on b io log i ca l / chemica l  processes. Geophysical proper-  

t i e s  can genera l l y  be determined i n  a  s h o r t  t ime, t h e  main concern be ing  

t o  assure s t a b i l i t y  o f  the  s t r u c t u r e .  BLM (DOI) programs, con t rac ted  t o  

t h e  U.S.G.S. a r e  c u r r e n t l y  t r e a t i n g  t h i s  problem on a  broad sca le  i n  the  

southeast.  I n  t he  case o f  ERDA's i n t e r e s t  i t  might  be suggested t h a t  

unless and u n t i l  an a c t i v e  search i s  . i n i t i a t e d  f o r  a  s p e c i f i c  s i t e  t o  

l o c a t e  a  g iven f a c i l i t y  s i m i l a r  s tud ies  might  be de fe r red  and then a p p l i e d  
8 

o n l y  t o  the  area i n  quest ion.  

The second area o f  concern, p r e d i c t i o n  of the  e f f e c t s  o f  t h e  opera- 

t i o n  o f  f a c i l i t i e s ,  wherever t h e i r  l o c a t i o n  . o r  whatever t h e i r  discharge, 

on the  b i o l o g y  o f  t he  c o n t i n e n t a l  s h e l f  r e q u i r e s  an understanding o f  (1) 

processes governing the  n a t u r a l  v a r i a b i  1  i ty o f  phys i ca l  , b i o l o g i c a l  , and 

chemical phenomena and (2 )  an es t ima t ion  o f  t h e  probable impact t h a t  

a d d i t i o n a l  loads o f  p o l l u t a n t s  may have on the  b i o t a .  I n  t h e  s i m p l i e s t  

sense these processes may be d i v i d e d  i n t o  c r i t i c a l  areas o f  s tudy  which 

i n c l u d e  'determining the  r a t e s  o f  i n p u t  o f  t a r g e t  p o l l u t a n t s  t o  t h e  c o n t i -  

nen ta l  s h e l f ,  t h e i r  f l u x ,  t r a n s f e r ,  e f f e c t  and u l t i m a t e  f a t e .  The above 

f a c t o r s  were considered a t  an ERDA sponsored meeting a t  the  Savannah R i v e r  

Labora tory  i n  1974 and recommendations f o r  s tudy  were subsequently pub l ished 

i n  ERDA-12. A c o n t r a c t i o n  o f  t he  i nc luded  recommendations proposed the  

f o l  1  owi ng types o f  s tud ies  : . 
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A. Physical Oceanography 

1. Define advective regimes on the continental shelf 

2. Define hydrographic regimes on the continental shelf 

3. Determine t ida l  fluxes and how these influence the 

dispersion of pol 1 utants 

4. .Describe meteorological regimes 

B. Sediment Transport 

1. Inventory of substrate  

2. Determine Lagrangian current motions 

3. Describe f ine  sediment transport  

4. Describe sand transport  

C. Geochemical Transport 

1. Determine the e f f ec t  of intrusions on nutrients and 

radioisotope/metal dis t r ibut ions 

2. Determine the e f f ec t  of runoff. on nutr ient  and 

radioi,sotope/rnetal dis t r ibut ions 

3: Determine the e f f ec t  of estuar ies  on nutr ient  and radio- 

isotope/metal dis t r ibut ions and cycling 

D. Biological Oceanography 

1. Descrihe the  temporal abundance of marine organisms 

2. Assess the ro le  of water movements on the shelf and the i r  

influence on plankton d is t r ibut ion ,  production, nutrients 

and toxic materials. 

On the basis of the above recommendations ERDA's oceanographic 

program i n  the southeast was expanded i n  1975. The currently activated 

program addresses soye of the study areas in par t ,  neglecting others. In 

. . general, given current levels of financial  commi tment, p r io r i t i e s  have 



been properly focused by implementing as  many projects  as  poss ible  which 

bear d i r ec t l y  on one another, deferr ing un t i l  l a t e r  those which do not 

require  the same level of i n t e rd i s c ip l i na ry  support.  Since the current  

program i s  driven by a large  r e l a t i v e  commitment t o  describing offshore 

physical oceanographic processes i t  i s  advisable to  consider implementing 

new projects  which require real  time analysis  of t h i s  information. Under 

t h i s  in te rpre ta t ion  project  support should emphasize s tud ies  i n  the  areas 

of B ( 3 ) ,  C (1) and ( 2 ) ;  and D ( 2 ) .  Those projects  cur ren t ly  being 

supported f i t  t h i s  c r i t e r i a  addressing spec i f i c a l l y :  

1. physical oceanographic f ac to r s  forcing water motion on the  

continental  shelf - - the  o r ig in  of Gulf Stream int rus ions  (Lee, 

RSMAS ) 

2. the  physical oceanography and ne t  motion of in t rus ions  once 

i so la ted  from the Gulf Stream (P i e t r a f e sa ,  NCSU) 

3. measurement of alongshore water motion, exchange between e s tua r i e s ,  

and the  f l ux  and dispersion of radioisotopes i n  nearshore waters 

(Hayes, SRL ; Bl anton, SkIO) 

4. nu t r i en t  f luxes induced by and chemical charac te r iza t ion  of 

in t rus ions  and the  shelf  i n  general .(Atkinson, SkIO) 

5. the  r o l e  of pelagic microorganisms i n  the  cyclirig, production 

and d i s t r i bu t i on  of organic matter ( PomeroylWiebe, UGA) 

6. the  production, d i s t r i bu t i on  and dynamics of phyto- and 

zooplankton associated w i t h  Gulf Stream int rus ions  (Paffenhofer/ 

Dunstan, SkIO) 

7. the  d i s t r i bu t i on  and r a t e s  of input of heavy metals t o  the  

cont inenta l  shelf  by r i v e r s ,  atmosphere and in t rus ions  (Windom, 
. . S k I O ) .  



Without exception the above projects address questions of a generic 

nature which help to  describe processes controll ing the f lux,  d is t r ibut ion ,  

cycling and f a t e  of materials and/or organisms intimately linked to  the 

motion of water. Other general categories of research which require 

knowledge of water niotion b u t  which are  not currently funded include 

studies suggested under A (3)  and B ( 3 ) .  Several deficiencies can also be 

ident i f ied which f a l l  in to  the broad categories defined above b u t  where 

only part i  a1 coverage now exi s t s .  Exampl es i ncl ude a study of '  pelagic 

organisms larger 'than zooplankton which' a re  transported by currents ( i  .e . ,  

icthyoplankton) and. general strengtheni ng in areas where e f fo r t s  a re  

currently inadequate ( i  .e. , chemistry). Markedly lacking i n  the recommenda- 

t ions of E R D A - 1 2 ,  f o r  instance, i s  a consideration of the residence time 

and degradation rates  of organic po1,lutants such as hydrocarbons. 

Other areas of emphasis outlined in E R D A - 1 2  are  neglected i n ' t h e  

above discussion, as they do not require concurrent knowledge of offshore 

circulat ion.  Under the constraints of overall level funding, research 

described under the general groupings of B ( I ) ,  ( 2 ) ,  C ( 3 )  and D ( I ) ,  

m i g h t  be deferred unt i l  physical oceanographic research i s  directed 

toward determining the e f f ec t  of t idal  regimes, A ( 3 ) ,  on the dispersal of 

pollutants and the production of organisms, 



11. SUMMARY OF RESEARCH ACTIVITIES 

The following summarizes the resu l t s  and/or hypotheses developed 

during the past year which r e l a t e  the investigations in the SE Atlantic 

Bight. 

A.  The transport  of energy-related contaminants in the v ic in i ty  of 

i n l e t  mouths and the i r  ultimate f a t e  depends on processes tha t  mix 

and exchange materials between the nearshore areas and the open 

continental shelf .  Earl ier  a simple estuarine analogy was hypothe- 

sized whereby freshwater input i s  dis t r ibuted offshore as i t  would be 

i n  a pa r t i a l ly  mixed estuary. Hydrographic and aer ia l  surveys i n  

1976 revealed a complex ser ies  of recent and " r e l i c t "  t idal  f ronts  

emanating from the in l e t s  leading us to  suspect tha t  our early analogy 

was much too simplified. Using current.meter and hydrographic data 

from an anchor s ta t ion  some 6 km off Ossabaw In le t  we have found tha t  

turbulence i s  su f f i c i en t  t o  mix freshwater across isopycnals and i s  

episodic i n  nature. A principal objective th i s  year i s  to  invest i -  

gate the nature of th i s  intermit tent  mixing. 

B. Using currentmeter  data i n  Onsl'ow Bay a simple resident time 

model was tested to  calculate  the time necessary for  Gulf Stream 

intrusions t o  displace a l l  water in  the Bay. The indicated displace- 

ment time of 30-60 days i s  approximately two times f a s t e r  than flush- 

ing ra tes  on the open continental shelf (see below). Another important 

r e su l t  i s  t ha t  strong onshore flows along the bottom of Onslow Bay 

can occur without local wind forcing and are  presumably related to  

Gulf Stream fluctuations.  Variance in current observations induced 

by local winds iemain to  be separated from those induced by the Gulf 

Stream. Unquestionably the Gulf Stream inf luences processes along 

r ight  shoreline of Onslow Bay. 



C.  Several offshore sources of  nutr ient  enrichment . t o  the 

continental shelf have been documented: 
. . 

1. frontal  i n s t a b i l i t i e s  may grow to  spin-off eddies and 

upwell cold nutr ient  laden water onto the she l f ;  

2. east-west meanders of the Gulf Stream cyclonic front.when 

meandering offshore causes upwell ing, when meandering onshore 

causes downwelling; 

3.  under winter conditions wind-induced onshore/offshore 

transport  augment upwellings due to Gulf Stream f luctuat ions.  

Findings indicate tha t  t ides  account fo r  5% of the variance in 

alongshore currents over the continental slope while d i r ec t  wind 

forcing accounts fo r  another 5%. Approximately 90% of the variances 

were due to  Gulf Stream f luctuat ions such as meanders, i n s t a b i l i t i e s  

and eddies. Variance i n  the cross-shelf currents were about 50% 

t i d a l ,  5% wind and 45% Gulf Stream induced: A t  the shelf break ( d  = 

:50 m )  alongshore shore currents were about 20% t i d a l ,  50% wind and 

30% Gulf Stream induced. Cross-shelf motions were mostly t ida l  (80% 

w i t h  only 8% due to  wind  forcing and 12% Gulf Stream induced). 

D. . River runoff extends, on the average, 56- km offshore in the 

north and 23 km in the southern portion of the SE Atlantic Bight. 

Conversely intrusions extend much fur ther  onshore in the southern 

than i n  the northern par t  of the area. Freshwater volumes off the 

Georgia, S. Carolina and northeast Florida coasts vary from 5 to  12 

km3 'depending on the amount of local runoff. The flushing r a t e  o f .  

the continental shelf calculated from the freshwater volume and 

runoff ra tes  i s  ' re lat ively invarient  a t  2.7 months. This invariance 

implies a flushing r a t e  independent nf local runoff and leads t o  



8. 
. . , . 

the  hypothesis  t h a t  G u l f  Stream meanders a r e  the  pr ime f o r c i n g  

funct ion.  A  s i m p l i f i e d  c a l c u l a t i o n  i n v o l v i n g  the  frequency o f  

meanders and t y p i c a l  entra inment  dimensions a l s o  y i e l d s  a  . f l ush ing  

r a t e  o f  2-3 months. 

E. The res idence t ime o f  t r a c e  metals  on the  c o n t i n e n t a l  s h e l f  i s  3 

months, i n  remarkable agreement w i t h  f l u s h i n g  r a t e  est imates based on 

water .vo lume t r a n s p o r t  c a l c u l a t i o n s .  The most impor tan t  i n p u t  f o r  

these metals  i s  f rom i n t r u s i o n s  w i t h  the  p o s s i b l e  except ion  o f  mercury 

which has an e q u a l l y  impor tan t  i n p u t  f r o m ' t h e  atmosphere. Trace 

elements, a long w i t h  o rgan ic  mat te r ,  a re  regenerated a t  depth i n  t he  

G u l f  Stream ( o r  'water which i t  e n t r a i n s )  .causing the  enrichment o f  

water  which i s  l a t e r  i n t r u d e d  onto the  s h e l f .  Th is  i s  i n d i c a t e d  by 

the  f a c t  t h a t  increased metal l e v e l s  c o r r e l a t e  w i t h  an increase i n  

n u t r i e n t  concent ra t ions  a t  subsurface depths i n  t he  G u l f  Stream. 

F. A p o r t i o n  o f  the  t r a c e  metals t ranspor ted  t o  the  s h e l f  by r i v e r s  

a r e  l o s t  f rom s o l u t i o n  by i n c o r p o r a t i o n  onto p a r t i c l e s .  The r e l a t i v e  

importance o f  r i v e r  t r a n s p o r t  f o r  t he  t r a c e  elerr~ents considered i s  

:Ni>Zn>Cu>As>Hg which i s  i n  t he  same general o rde r  as t h e i r  r e l a t i v e  

abundanccs i n  the  ocean. Atmospheric concent ra t ions  o f  these metals 

over t he  c o n t i n e n t a l  s h e l f  vary  by about an o rde r  o f  magnitude, much 

o f  t h i s  v a r i a t i o n  depending on the  p a s t  t r a j e c t o r y  o f  the  a i r  pa rce l  

sampled. I n  terms o f  abso lu te  i n p u t  f rom the  atmosphere Zn>Cu>Hg>Ni>As. 

G .  Most oceanic m i c r o b i a l  communities are u s u a l l y  i n  a  r e s t i n g  

s t a t e .  The o u t e r  c o n t i n e n t a l  s h e l f  tends t o  be oceanic i n  cha rac te r  

w i t h  occasional  ' l o c a l i z e d  patches o f  h i g h  a c t i v i t y .  These patches 

increase i n  frequency as one approaches the  shore. ~ e . n e r a l  ly h i g h  



energy charge r a t i o s  , i n d i c a t i v e  o f  exponen t ia l l y  growing m i c r o b i a l  

populat ions,  occur i n  t he  f i r s t  few k i l ome te rs  f rom the  shore and i n  

the  es tua r ies .  This  suggests t h a t  microorganisms may be subs t ra te  

l i m i t e d  i n  o u t e r  c o n t i n e n t a l  s h e l f  waters and grazer  l i m i t e d  near 

shore. Nearshore a c t i v i t y  i s  i n f l u e n c e d  by r i v e r  f l o w  i n  t h e  S. 

Carol ina-Georgia s e c t o r  and by i n t r u s i o n s  o f  deep G u l f  Stream water 

i n  t he  n o r t h  F l o r i d a  and Onslow Bay sec tors  o f  t he  southeast  A t l a n t i c  

B igh t .  

' H. The concen t ra t i on  o f  c h l o r o p h y l l  a, p a r t i c u l a t e  darbon and 

p a r t i c l e  volume increase near t he  bottom when i n t r u d e d  water  masses 

under lay the  sur face water.  I n  i n t r u s i o n s ,  c h l o r o p h y l l  concentra- 

t i o n s  a re  5-10 times h igher ,  w h i l e  p a r t i c u l a t e  carbon i s  1.5 - 4 

t imes h ighe r  than a t  t he  sur face.  Zooplankton biomass est imates show 

no accompanying d i f f e r e n c e s  i n  v e r t i c a l  d i s t r i b u t i o n .  Th is  l a c k  o f  

c o r r e l a t i o n  may r e s u l t  f rom t ime delays between the  onset  o f  p l a n t  

, p roduct ion  and the  devel opment o f  zooplankton popul a  ti ons , t h e  

i n a b i l i t y  o f  t he  zooplankton t o  feed on the  type and s i z e s  o f  phyto- 

p lank ton  produced, o r  a  combinat ion o f  t he  two. Because o f  geographic 

and smal l  sca le  v a r i a b i l i t y  (pa tch iness)  i n  t he  abundance o f  phyto- 

and zooplankton t ime s e r i e s  s tud ies  a t  g iven l o c a t i o n s  have n o t  y e t  

p rov ided us w i t h  the  type o f  i n f o r m a t i o n  requ i red  t o  understand r a t e  

processes associated w i t h  i n t r u s i o n s .  Dur ing  August 1977 we w i l l  

a t tempt  t o  c o r r e c t  t h i s  by t r a c k i n g  a  g iven pa rce l  o f  i n t r u d e d  water 

f o r  a  p e r i o d  o f  two weeks (us ing  drogues) t o  determine changes over 

t ime  i n  the  composi t ion and abundance o f  microorganisms, phyto-  and 

zooplankton pop;lations. 




