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ABSTRACT 

The Pamlico River  E s t u a r y  ex tends  some 35 m i l e s  from Washington, N .  C .  t o  

Pamlico Sound. It i s  s h a l l o w ,  from 2 t o  6 m i l e s  wide ,  n a t u r a l l y  p r o d u c t i v e ,  and 

h a s  from 0.5  t o  15 o r  20 p p t  s a l i n i t y .  The s a l i n i t y  regime i s  determined c h i e f l y  

by t h e  q u a n t i t y  of i n f l o w i n g  f r e s h w a t e r  and changes i n  s a l i n i t y  of up t o  10 p p t  

a r e  common a t  any s t a t i o n .  Lunar t i d e s  a r e  smal l  ( l e s s  t h a n  0 . 5  f t )  b u t  wind 

and wind t i d e s  can have impor tan t  e f f e c t s  on t h e  s a l i n i t y  d i s t r i b u t i o n .  I n  a d d i -  

t i o n ,  t h e  C o r i o l i s  Force  c a u s e s  much of t h e  f r e s h w a t e r  t o  f l o w  a l o n g  t h e  s o u t h  

s i d e  of t h e  e s t u a r y .  

The t empera tu res  range  from 3 ' ~  ( 3 7 ' ~ )  t o  3 4 ' ~  ( 9 3 ' ~ ) ~  a l t h o u g h  t e m p e r a t u r e s  

above 31°C ( $ 9 ' ~ )  a r e  unusua l .  On any g iven  day ,  t h e r e  could  be h o r i z o n t a l  tem- 

p e r a t u r e  d i f f e r e n c e s  o f  up t o  4  d e g r e e s  (C) o r  7 f a h r e n h e i t  d e g r e e s .  

The e s t u a r y  s t r a t i f i e s  i r r e g u l a r l y ;  when t h i s  happens i n  t h e  summer complete  

deoxygenat ion may occur .  T h i s  c o n d i t i o n  may l a s t  f o r  o n l y  a  week and t h e n  be 

d e s t r o y e d  by wind. The b e n t h i c  an imals  (bottom d w e l l i n g )  a r e  comple te ly  e l i m i -  

n a t e d  from l a r g e  s t r e t c h e s  of t h e  r i v e r  by t h e  low c o n c e n t r a t i o n s  of oxygen. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

T h i s  r e p o r t  c o v e r s  s a l i n i t y ,  t empera tu re  and d i s s o l v e d  oxygen measurements 

made i n  t h e  Pamlico R i v e r  E s t u a r y  of North C a r o l i n a  i n  1965, 1967, 1968 and 1969. 

The e s t u a r y  i s  sha l low and n a t u r a l l y  p r o d u c t i v e  w i t h  a  s a l i n i t y  range  of 0 .5  t o  

15 o r  20 p p t .  The l u n a r  t i d e  i s  damped o u t  by t h e  Oute r  Banks s o  t h a t  t h e r e  is  

on ly  a  6  inch  change i n  w a t e r  l e v e l .  Wind t i d e s  a r e  more impor tan t  and may r a i s e  

o r  lower t h e  w a t e r  l e v e l  more t h a n  3  f t .  

Changes i n  s a l i n i t y  were  c l o s e l y  r e l a t e d  t o  t h e  amount of i n f l o w i n g  f r e s h -  

w a t e r .  Th i s  produced changes  a t  one s t a t i o n ,  some 10 miles from t h e  mouth o f  

t h e  e s t u a r y ,  of 13 p p t .  Upstream dams on t h e  Tar  River  would c e r t a i n l y  r e d u c e  

much of t h i s  f l u s h i n g  of f r e s h w a t e r  and would t h e r e b y  change t h e  c h a r a c t e r  of 

t h e  e s t u a r y ,  It i s  recommended t h a t  s t u d i e s  be  made o f  t h e  e f f e c t  o f  t h e s e  

changes on t h e  an imals  and p l a n t s  of t h e  e s t u a r y  s o  t h a t  a c c u r a t e  p r e d i c t i o n s  can  

be  made. 

There  were a l s o  changes i n  t h e  s a l i n i t y  d i s t r i b u t i o n  due t o  t h e  wind speed 

and d i r e c t i o n  and a l s o  t o  t h e  C o r i o l i s  Force .  I n  g e n e r a l ,  t h e  e s t u a r y  had lower 

s a l i n i t i e s  a l o n g  t h e  s o u t h  s h o r e  a s  a  r e s u l t  of t h e s e  f a c t o r s .  

Temperatures  ranged from c l o s e  t o  f r e e z i n g  up t o  9 3 ' ~ ,  a l t h o u g h  tempera tu res  

above 8 9 ' ~  were  unusua l .  There  a r e  no i n d u s t r i a l  e f f l u e n t s  add ing  h e a t  s o  t h e  

temperatures  found were  t h e  n a t u r a l  c o n d i t i o n  of t h e  e s t u a r y .  It i s  a l s o  i m -  

p o r t a n t  t o  n o t e  t h a t  t h e  t empera tu re  v a r i e d  by a s  much a s  7 ' ~  w i t h i n  t h e  e s t u a r y  

s o  t h a t  average  t empera tu res  o r  n a t u r a l  c o n d i t i o n s  of t h e  w a t e r  a r e  ex t remely  

d i f f i c u l t  t o  d e f i n e .  These  f a c t s  become impor tan t  when s t a n d a r d s  a r e  b e i n g  s e t  

f o r  thermal  a d d i t i o n s  t o  e s t u a r i e s .  It i s  recommended t h a t  9 3 ' ~  would be  a  

l o g i c a l  upper l i m i t  f o r  a n  a b s o l u t e  s t a n d a r d  f o r  t h i s  e s t u a r y  i n s t e a d  o f  t h e  90°F 

proposed F e d e r a l  S tandard .  



The e s t u a r y  s t r a t i f i e s  i r r e g u l a r l y ,  b u t  t h e  w a t e r s  a r e  s o  r i c h  th  [ a t  t h e  b  

w a t e r s  l o s e  a l l  t h e i r  d i s s o l v e d  oxygen w i t h i n  a  week o r  s o  a f t e r  s t r a t i f i c a t i o n .  

A s  a  r e s u l t ,  b e n t h i c  an imals  (bottom dwel l ing)  a r e  k i l l e d  throughout  l a r g e  a r e a s  

o f  t h i s  e s t u a r y .  Although t h e  e s t u a r y  s t i l l  h a s  i t s  n a t u r a l  f l o r a  and fauna ,  i t  

i s  be ing  e n r i c h e d  by sewage and farm r u n o f f .  I f  t h i s  could  be  reduced,  t h e n  t h e  

occurance o f  t h e s e  low oxygen l e v e l s  would be reduced o r  h a l t e d  e n t i r e l y .  The 

e s t u a r y  would t h e n  become a n  even b e t t e r  environment .  It i s  recommended, t h e r e -  

f o r e ,  t h a t  every  e f f o r t  be  made t o  reduce  n u t r i e n t  a d d i t i o n  t o  t h i s  e s t u a r y  from 

urban  and farm w a s t e s  a s  w e l l  a s  from f e r t i l i z e r s .  



INTRODUCTION 

The e s t u a r i e s  of North C a r o l i n a  a r e  a  v a l u a b l e  r e s o u r c e  o f  t h e  s t a t e  t h a t  

must b e  p r e s e r v e d .  Obviously ,  r e s e a r c h  must b e  c a r r i e d  o u t  t o  de te rmine  what t h e  

p r e s e n t - d a y  c o n d i t i o n s  a r e  i n  t h e s e  e s t u a r i e s ,  what changes a r e  t a k i n g  p l a c e ,  and 

what i s  t h e  p r o b a b l e  r e s u l t  of any added i n d u s t r i a l  w a s t e s ,  i n c r e a s e d  domest ic  

w a s t e s ,  f e r t i l i z e r  r u n o f f  from fa rms ,  and dam and channe l  c o n s t r u c t i o n .  Be- 

c a u s e  of t h i s  need f o r  r e s e a r c h  on e s t u a r i e s ,  a  l a b o r a t o r y  was e s t a b l i s h e d  i n  

1965 on t h e  Pamlico River  E s t u a r y ,  n e a r  Aurora ,  N .  C .  

T h i s  p u b l i c a t i o n  i n c l u d e s  d a t a  on s a l i n i t y ,  t e m p e r a t u r e  and d i s s o l v e d  

oxygen c o l l e c t e d  between 1965 and 1969 by workers  a t  t h e  Pamlico Marine Lab- 

o r a t o r y  o f  t h e  Department of Zoology, North C a r o l i n a  S t a t e  U n i v e r s i t y .  The 

i n f o r m a t i o n  w i l l  be  v a l u a b l e  f o r  p l a n n i n g  f u t u r e  sampl ing ,  f o r  e x p l a i n i n g  t h e  

d i s t r i b u t i o n  of o rgan i sms ,  and f o r  d e l i n e a t i n g  t h e  b a s i c  e s t u a r i n e  environment .  

For  example,  R.  M i l l e r  (1) h a s  used t h e  s a l i n i t y  and t empera tu re  d a t a  t o  h e l p  

e x p l a i n  t h e  d i s t r i b u t i o n  of c tenophores  ( c o m b - j e l l y f i s h )  i n  t h e  r i v e r  and K .  

Tenore  ( 2 )  used t h e  oxygen d a t a  t o  e x p l a i n  s e a s o n a l  changes i n  t h e  b e n t h i c  

(bottom dwel l ing)  animal  p o p u l a t i o n s .  The t empera tu re  d a t a  should be u s e f u l  

t o  t h e  N. C. Department of Water and A i r  Resources  i n  s e t t i n g  and e n f o r c i n g  

t e m p e r a t u r e  s t a n d a r d s .  Some of t h e  same d a t a  were a l s o  used i n  t h e  c h a p t e r  on 

o l i g o h a l i n e  e s t u a r i n e  sys tems (low s a l t  e s t u a r i e s )  i n  a  for thcoming book ( 3 ) .  

T h i s  p u b l i c a t i o n  f o l l o w s  one on t h e  phosphorus c o n c e n t r a t i o n s  (4) and 

c o v e r s  t h e  same t ime span and s t a t i o n s .  Other  i n f o r m a t i o n  on t h i s  e s t u a r y  may 

be  found i n  t h e s e s  ( 5 ) ,  ( 6 ) ,  ( 7 ) ,  (8), ( I ) ,  (9) and i n  p u b l i s h e d  p a p e r s  ( l o ) ,  ( l l ) ,  (12) - 
A number o f  pe rsons  have he lped  i n  t h e  p l a n n i n g  and d a t a  c o l l e c t i o n  f o r  t h i s  

p r o j e c t .  D. B. Horton s e t  up t h e  l a b o r a t o r y  and was p r i n c i p a l  i n v e s t i g a t o r  f o r  

some p r o j e c t s .  E .  C a r p e n t e r ,  H .  L. Davis ,  D. P e t e r s ,  J .  B e r r y ,  W .  D a n i e l s ,  



D .  G o s s e t t ,  L. Wood and N .  Scobie  he lped  c o l l e c t  and reduce  t h e  d a t a .  

The Pamlico River  E s t u a r y  

The Tar  R i v e r  f lows  through n o r t h e a s t e r n  North C a r o l i n a  and becomes a n  e s t u a r y  

a t  Washington,  N .  C.; a t  t h i s  p o i n t  i t  becomes t h e  Pamlico R i v e r .  It t h e n  f lows  

e a s t  f o r  some 35 m i l e s  t o  e n t e r  Pamlico Sound d i r e c t l y  wes t  o f  Cape H a t t e r a s .  

The maximum wid th  i s  about  8 m i l e s  and t h e  average  d e p t h  abou t  10 f e e t .  Most 

impor tan t  f o r  t h e  c u r r e n t  and t h e  s a l i n i t y  regimes i s  t h e  damping e f f e c t  t h e  o u t e r  

banks have on t h e  l u n a r  t i d e .  As a  r e s u l t ,  t h i s  t i d e  i s  abou t  6 i n c h e s  and i s  

g r e a t l y  overshadowed by wind t i d e s  of up t o  3  f e e t .  Because of t h e  s h a l l o w n e s s ,  

t h e  w a t e r  i s  w e l l  s t i r r e d  and t h e r e  i s  l i t t l e  o r  no s t r a t i f i c a t i o n  i n  l a r g e  p a r t s  

o f  t h e  e s t u a r y .  The s t i r r i n g  a l s o  keeps l a r g e  amounts of p a r t i c u l a t e  m a t t e r  i n  

suspens ion  w i t h  t h e  r e s u l t  t h a t  t h e  e s t u a r y  i s  q u i t e  t u r b i d  most o f  t h e  t i m e ,  

The s a l i n i t y  range  i n  t h i s  e s t u a r y ,  from 0  t o  15 p p t ,  i s  v e r y  d i f f i c u l t  f o r  

organisms t o  a d a p t  t o ;  a s  a r e s u l t ,  t h e  number o f  d i f f e r e n t  k i n d s  o f  a n i m a l s  

i s  smal l  compared w i t h  t h e  f r e s h w a t e r s ,  oceans  o r  even Pamlico Sound ( s a l i n i t y  

around 20 p p t ) .  The phy top lank ton  i s  dominated by an  e x t e n s i v e  a l g a l  bloom 

t h a t  o c c u r s  i n  January  t o  March of every  y e a r .  The dominant organisms i n  t h i s  

bloom, t h e  d i n o f l a g e l l a t e  Per id in ium t r i q u e t r u m ,  a t t a i n s  "red t i d e "  numbers. 

The dominant z o o p l a n k t e r  i s  t h e  copepod, A c a r t i a  t o n s a ,  which i s  f e d  upon by 

l a r v a l  f i s h  and by t h e  c tenophore  ( c o m b - j e l l y f i s h ) ,  Mnemiopsis l e y d i i  ( 1 ) .  The 

f i s h  a r e  m o s t l y  s a l t  w a t e r  forms,  a l t h o u g h  f r e s h w a t e r  forms do occur  n e a r  Wash- 

i n g t o n ,  N .  C .  The permanent r e s i d e n t  f i s h  i n c l u d e  murnmichog, t h e  r a i n w a t e r  

k i l l i f i s h ,  t h e  naked goby, w h i t e  p e r c h ,  t h e  s t r i p e d  anchovy, American e e l ,  and 

t h e  hogchoker.  Another group of  f i s h  i s  p r e s e n t  year-round e x c e p t  i n  t h e  w i n t e r .  

These  i n c l u d e  t h e  t i d e w a t e r  s i l v e r s i d e ,  t h e  rough s i l v e r s i d e ,  t h e  common s i l v e r -  

s i d e ,  s p o t ,  a t l a n t i c  c r o a k e r ,  p i n f i s h ,  a t l a n t i c  menhaden, summer f l o u n d e r ,  and 
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t h e  no r the rn  p i p e f i s h .  Other f i s h  a r e  found only du r ing  t h e i r  migra t ions  through 

t h e  e s t u a r y ,  These inc lude  h ickory  shad,  t h e  a l e w i f e ,  g l u t  h e r r i n g ,  American 

shad, g i zza rd  shad,  s t r i p e d  b a s s ,  and t h e  common s turgeon .  

The ben th i c  animals (bottom dwell ing)  a r e  dominated i n  t h e  f r e s h e r  p a r t s  o f  

t h e  e s t u a r y  by t h e  clam, Rangia cunea ta ,  and i n  t h e  s a l t i e r  p a r t s  by t h e  b i v a l v e ,  

PQacoma b a l t h i c a .  I n  c o n t r a s t  t o  many e s t u a r i e s ,  t h e r e  i s  a  pronounced seasona l  

change i n  ben th i c  animal spec i e s  i n  t h e  Pamlico River  Es tuary  ( 2 ) .  Thi s  i s  

probably due t o  changes i n  oxygen i n  t he  deeper  waters .  

The b lue  c r ab ,  shrimp, clam and o y s t e r  a r e  commercially harves ted  from t h e  

e s t u a r y  i n  s i z e a b l e  q u a n t i t i e s .  I n  a d d i t i o n ,  t h e  young of many s a l t w a t e r  commer- 

c i a l  f i s h  may spend p a r t  of t h e i r  l i v e s  i n  t h i s  e s t u a r y .  

Although t h e r e  a r e  s a l t  marshes i n  s e v e r a l  p l aces  a long  the  e s t u a r y ,  t h e s e  

a r e  h igh  marsh (Juncus sp . )  a r e a s  and do no t  c o n t r i b u t e  organic  m a t e r i a l  t o  t h e  

e s t u a r y .  This  c o n t r a s t s  w i th  o t h e r  a r e a s  of North Caro l ina  c o a s t  where t h e  

g r e a t e r  t i d a l  range al lows Spa r t i na  marshes t o  grow (low s a l t  marsh).  However, 

t h i s  miss ing  organic  ma t t e r  i s  compensated f o r  i n  t h e  Pamlico River  by dense 

beds of  widgeon g r a s s ,  Ruppia mari t ima,  and Potamogeton ( roo ted  a q u a t i c  p l a n t s ) .  

These a r e  e a t e n  d i r e c t l y  by win t e r ing  geese and ducks and a l s o  f u r n i s h  g r e a t  

q u a n t i t i e s  of n u t r i t i o u s  p a r t i c u l a t e  ma t t e r  when they  break up and decay i n  t h e  

f a l l .  

One of  t h e  reasons f o r  t h e  es tab l i shment  of t h e  Aurora l abo ra to ry  was t o  

s tudy  t h e  expected changes caused by t h e  Texas Gulf Su l fu r  Company phosphate 

mine and f e r t i l i z e r  p l a n t .  The d a t a  on phosphorus concen t r a t i ons  i n  t h e  e s t u a r y  

a r e  given i n  d e t a i l  i n  (4) .  B r i e f l y ,  wh i l e  phosphorus does e n t e r  the  e s t u a r y ,  

it appears  t o  have l i t t l e  e f f e c t  on t h e  expected t a r g e t  s i t e ,  t h e  photosynthes i s  

and growth of t h e  a lgae .  Th i s  i s  undoubtedly caused by t h e  low l e v e l s  of n i t r o g e n  

found i n  t h e  e s t u a r y .  Tn f ac tb  t he  n i t rogen  i s  probably l i m i t i n g  photosynthes i s  



and a l g a e  a r e  n o t  a b l e  t o  u t i l i z e  a l l  t h e  phosphorus. Another conc lus ion  of t h e  

s tudy  was t h a t  t h e  concen t r a t i on  of phosphorus e n t e r i n g  t h e  e s t u a r y  from upstream 

(above t h e  TGS s i t e )  i s  i nc reas ing  r a p i d l y .  

METHODS 

A t  l e a s t  f o u r  d i f f e r e n t  s e r i e s  of s t a t i o n s  have been used du r ing  t h e  s tudy .  

Maps of t h e  s t a t i o n  numbers f o r  March 1967 through February 1967 and f o r  June 1968 

through J u l y  1969 a r e  given a s  F igure  1 i n  (4 ) .  

During t h e  sampling per iod  r epo r t ed  h e r e ,  from June 1965 t o  J u l y  1969, 

samples were u s u a l l y  taken  a t  two-week i n t e r v a l s .  A conduc t iv i t y  b r idge  w i t h  

b u i l t - i n  t he rmis to r  (Beckman RS5-3 induc t ion  sa l inometer )  was used except  f o r  a  

few t imes when hydrometers were used. The samples f o r  oxygen were f i x e d  i n  t h e  

f i e l d  and t i t r a t e d  i n  t h e  l abo ra to ry  (13) .  I n  order  t o  c a l c u l a t e  t h e  s a t u r a t i o n  

va lue  f o r  t h e  oxygen i n  t h e  waters  of va r ious  s a l i n i t i e s ,  t h e  formula developed 

by (14) was used. Th i s  formula,  a s  modified by Armstrong (pe r sona l  communication), 

where CS i s  t he  s a t u r a t i o n  va lue  f o r  oxygen ( m g / l i t e r )  a t  t h e  g iven  temperature  

and s a l i n i t y ,  S i s  s a l i n i t y  ( p p t ) ,  and T i s  temperature  ('(2). The mg 0 2 / l i t e r  t imes 

0.7 equa ls  t h e  m l / l i t e r  used i n  t h i s  r e p o r t .  

RESULTS 

River  Flow 

The only r i v e r  flow da ta  from t h e  Pamlico River  a r e a  a r e  those  of t h e  U. S. 

Geological  Survey (Annual Reports  of t h e  Water Resource D iv i s ion ,  U.S.G.S., 

Ra le igh) .  One s t a t i o n  i s  on t h e  Tar River ,  49.2 mi l e s  upstream from Washington, 

N.  C. ( t h e  wes te rn  end of  t h e  e s t u a r y ) .  Th i s  has  a watershed of 2,140 square  

mi l e s .  The o t h e r  s t a t i o n  i s  on Durham Creek, near  Edward, N. C . ,  about 6 .7  mi l e s  



south  of t h e  e s t u a r y .  This  creek h a s  a  dra inage  bas in  of only 21 square mi l e s  

and e n t e r s  t h e  e s t u a r y  j u s t  t o  t h e  west of t he  Texas Gulf Sulphur Company p l a n t  

( see  l a t e r  F igu re s  f o r  l o c a t i o n ) .  

The water  flow i n  t h e  two bodies  o f  water was g e n e r a l l y  a l i k e  i n  b a s i c  

c h a r a c t e r i s t i c s ,  bu t  d i f f e r e d  a t  many p a r t i c u l a r  p o i n t s  (Fig.  1 ) .  These d i f f e r e n c e s  

r e s u l t  from l o c a l  storms a t  t h e s e  widely separa ted  s t a t i o n s ,  p l u s  t h e  l a g  e f f e c t s  

of  a  l a r g e  versus  a  small  watershed. 

The water  f low,  r e f l e c t i n g  d i r e c t l y  t h e  r a i n f a l l  p a t t e r n ,  was i r r e g u l a r  a t  

bo th  s t a t i o n s ;  t h e r e  was, however, more flow during t h e  w i n t e r .  High flow pe r iods  

i n  t h e  Tar River  were: 1967 i n  l a t e  February,  end of August, e a r l y  September, 

December; and i n  1968 i n  January and a t  t he  end of March. For Durham Creek h igh  

flow occurred i n :  1967 i n  mid-February, Ju ly ,  August, September, and December; 

and i n  1968 i n  January ,  mid-March and t h e  beginning of June.  

Wind - 
The wind speed and d i r e c t i o n  f o r  t h e  per iod  covered i n  t h i s  r e p o r t  a r e  pro- 

vided by Texas Gulf Su l fu r  Company obse rva t ions .  The d a t a  a v a i l a b l e  i nc lude  

hour ly  wind speed and d i r e c t i o n  measurements a s  w e l l  a s  o t h e r  s tandard  meteoro- 

l o g i c a l  observa t ions .  For  t h e  purpose of t h i s  r e p o r t ,  t h e  t o t a l  wind movement 

per  day (mi les )  and t h e  p r e v a i l i n g  d i r e c t i o n  of t h a t  wind have been a b s t r a c t e d  

(Fig.  2 ) .  The d i r e c t i o n  i s  given i n  degrees  where O0 i s  a wind from t h e  North, 

90' i s  from t h e  E a s t ,  e t c .  Unfor tuna te ly ,  t h e  wind d i r e c t i o n  r eco rd ing  equipment 

was no t  ope ra t i ng  dur ing  t h e  f i r s t  f i v e  months of 1967. 

The average wind speed,  based upon t o t a l  e lapsed  mi l e s  per  day ,  appears  t o  

be much l e s s  than t h e  10 mph suggested a s  an average f o r  t h e  main c o a s t  l i n e  

(15).  I f  t h e  average were 10 mph, then t h e  t o t a l  per  day would be 240 mi l e s  

and t h i s  i s  c e r t a i n l y  much h igher  t han  t h e  va lues  i n  F igu re  2. Of course ,  t h e  



F i g u r e  1. Water f low ( c u b i c  f e e t  p e r  second)  i n  t h e  T a r  R i v e r  a t  T a r b o r o ,  
N. C .  and i n  Durham Creek n e a r  Edward, N. C, Arrows i n d i c a t e  
sampl ing d a t e s .  



F i g u r e  2 .  Wind speed and d i r e c t i o n  a t  the  Texas Gulf  S u l f u r  Company n e a r  - 
Aurora ,  N. C.  



two d i f f e r e n t  methods of measur ing a s  w e l l  a s  t h e  methods o f  a v e r a g i n g  may n o t  be 

a t  a l l  comparable.  For  t h i s  r e p o r t ,  I am concerned o n l y  w i t h  t h e  s t r o n g  winds t h a t  

would be c a p a b l e  o f  d i s t u r b i n g  t h e  s t r a t i f i c a t i o n  i n  t h e  e s t u a r i n e  w a t e r s ,  and t h e s e  
f 

would appear  h i g h  i n  a  r e l a t i v e  s e n s e  even i f  t h e r e  were e r r o r s .  It i s  obv ious ,  

however, t h a t  t h e  p e r i o d s  d u r i n g  t h e  y e a r  o f  h i g h  winds were t h e  w i n t e r  and s p r i n g  

months. Only once d u r i n g  t h e  t e n  summer months observed were t h e r e  any winds 

g r e a t e r  t h a n  a  t o t a l  o f  190 m i l e s .  S t r o n g e r  winds began a p p e a r i n g  i n  November 

and December and con t inued  through May. However, d u r i n g  t h i s  p e r i o d  of obse rva-  

t i o n  t h e r e  were  no s e v e r e  summer o r  f a l l  h u r r i c a n e s .  The wind d i r e c t i o n  i s  much 

more d i f f i c u l t  t o  d e s c r i b e  a c c u r a t e l y  i n  a  r e p o r t ,  bu t  it a p p e a r s  t h a t  t h e  s t r o n g  

winds were  o u t  of t h e  NE and NW. The p r e v a i l i n g  winds f o r  t h e  whole o f  North 

C a r o l i n a  a r e  SW, e x c e p t  t h a t  i n  September and October ,  t h e  p r e v a i l i n g  winds 

a r e  NE (15) .  T h i s  change of d i r e c t i o n  i n  t h e  autumn r e s u l t s  from p e r s i s t a n t  

h i g h  p r e s s u r e  over  t h e  n o r t h e r n  s t a t e s  and a  g r e a t e r  number o f  low p r e s s u r e  

s torms p a s s i n g  o f f  North C a r o l i n a .  The e f f e c t  of t h e s e  s t r o n g  winds w i l l  be 

d i s c u s s e d  l a t e r  i n  t h e  s e c t i o n  on s a l i n i t y  changes .  

S a l i n i t y  

The v e r t i c a l  and h o r i z o n t a l  d i s t r i b u t i o n  o f  t h e  s a l i n i t y  i n  1965 i s  g i v e n  i n  

T a b l e  1 and g r a p h i c a l l y  i n  F i g s .  3  t o  6. I n  t h e  f i g u r e s  t h e  polygon a l o n g  t h e  

b a s e  o f  each  graph r e p r e s e n t s  t h e  bot tom of t h e  e s t u a r y .  The l i n e s  above t h i s  

a r e  i s o h a l i n e s  o r  l i n e s  c o n n e c t i n g  p o i n t s  o f  e q u a l  s a l i n i t y .  Thus,  b o t h  t h e  

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

a r e  g i v e n .  

The n e x t  n o t a b l e  f e a t u r e  of t h i s  1965 s e r i e s  i s  t h e  c h a n g e a b i l i t y  of t h e  

s t r a t i f i c a t i o n  and of t h e  s a l i n i t y .  For  example, i n  t h e  s u r f a c e  w a t e r s  s a l i n i t y  

of 2 p p t  was found a s  n e a r  a s  14 m i l e s  t o  t h e  mouth o f  t h e  e s t u a r y  ( F i g .  4) and 

a s  f a r  a s  30 m i l e s  from it  (F ig .  5 )  ( e s t i m a t e d ) .  Moderate s a l i n i t y  w a t e r ,  around 



Table 1. Salinity (ppt) at five stations in the Pamlico River Estuary, 1965. Station 2  (downstream) is the same 
as HI, 1 as H4,3 as H6, 4 as H8, and 5 as HI1 given in (4) Fig. 1). 

Dates:- Depth June 10 June 29 July 2 1  Aug. 4 Aug. 18 Sept.9 Sept.23 Oct. 6 Nov. 12 Dec.16 

Sta. 1 

Sta. 2 

Sta. 3 

Sta. 4 

Sta. 5 

*These Samp es taken at 4 . 5  m, ** This Sample taken at 5 .5  m. 
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JUNE 29, K65 
P 

2 1 3 4 5 

STATIONS 

DISTANCE (NAUTICAL MILES) 

3 14 16 18 X P  22 24 

STATIONS 

F i g u r e  3 .  S a l i n i t y  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  10 June ,  
2 9  J u n e ,  and 2 1  J u l y  1965.  D i s t a n c e s  a r e  from t h e  mouth. 
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STATIONS 

/ AUG. 18, 1065 I 
1 3 4 5 

STATIONS 

DISTANCE (NAUTICAL MILES) 

6 SEPT. 8, 1965 

2 1 3 4 5 

STATIONS 

F i g u r e  4 .  S a l i n i t y  p r o f i l e s  ( i n  p p t )  
19 August ,  and 9 September 

I 

I 

i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  4 August ,  
1965. 
11 



SEPT. 23, 106% 

DISTANCE (NAUTICAL MILES) 

2 3 4 5 

STATIONS 

STATIONS 

Figure 5. Salinity profiles (in ppt) in the Pamlico River Estuary for 
23 September, 6 October, and 12 November 1965. 
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DISTANCE (NAUTICAL MILES) 

4 .  

DEC. 16, 1965 

STATIONS 

F i g u r e  6. S a l i n i t y  p r o f i l e s  ( i n  pp t )  i n  t h e  Pamlico River  E s t u a r y  f o r  
16 December 1965. 

1 0  p p t ,  moves from o u t  i n  t h e  sound (beyond S t a t i o n  2  i n  F i g .  4)  t o  25 m i l e s  up 

i n  t h e  e s t u a r y  (F ig .  6 ) .  F i n a l l y ,  t h e  bottom w a t e r s  can change even more d r a s t i -  

c a l l y  a s  i s  s e e n  a t  S t a t i o n  4  ( range  of 4 ( F i g .  3) t o  17 p p t  ( F i g .  6 ) .  T h i s  t r e -  

mendous change would have a  s t r o n g  i n f l u e n c e  on t h e  b e n t h i c  a n i m a l s ,  e l i m i n a t i n g  

a l l  b u t  t h e  most a d a p t a b l e .  

S t r a t i f i c a t i o n  i s  i r r e g u l a r  i n  t h e  r i v e r  w i t h  no permanent s a l t  wedge p r e s e n t .  

The s a l t  wedge r e f e r s  t o  t h e  h i g h  s a l i n i t y  w a t e r  (more dense)  t h a t  l i e s  below 

t h e  f r e s h e r  r i v e r  w a t e r ,  Thus,  t h e  s t r a t i f i c a t i o n  v i s i b l e  on 29  June  ( F i g . 3 )  was 

l a r g e l y  d e s t r o y e d  by 21 J u l y .  The s t r a t i f i c a t i o n  r e t u r n e d  i n  August  (F ig .4 )  and 

was a g a i n  d e s t r o y e d  by e a r l y  November (F ig .  5). The d e s t r u c t i o n  o f  t h e  s t r a t i f i -  

c a t i o n  undoubtedly  o c c u r r e d  because  o f  t h e  w a t e r  movements and t u r b u l a n c e  caused 

by t h e  wind. 

When t h e  s u r f a c e  s a l i n i t i e s  a r e  measured a t  s t a t i o n s  a c r o s s  t h e  e s t u a r y  

(Tab le  Z) ,  it i s  s e e n  t h a t  t h e r e  i s  o f t e n  a  g r a d i e n t  a c r o s s  t h e  r i v e r  a s  w e l l  a s  

a l o n g  i t .  T h i s  i s  no ted  t o  some e x t e n t  i n  F i g .  7  (March 22) and F i g .  8 ,  b u t  i s  

e s p e c i a l l y  s t r o n g  on J u l y  3 1  (F ig .  9) where h i g h e r  s a l i n i t y  w a t e r  was found a lorg  

t h e  s o u t h  s h o r e  t h a n  a l o n g  t h e  n o r t h  s h o r e .  



Tab le  2. Temperature (C) and S a l i n i t y  (ppt)  i n  t h e  Pamlica  R ive r  Es tua ry ,  9 Mar. 1967 t o  26 Feb. 1968. S t a t i o n s  a r e  
t h e  s a m e  as t h o s e  g iven  i n  ( 4 ) ,  Fig .  I) .  

S t a t i o n s :  1 2 3 4 5 6 7 8 9 10 11 12 1 3  

9 M a r .  Temp 
1967 Sa 1 

22 Mar. Temp 
1967 S a l  

11 Apr. Temp 
1967 S a l  

9 May Temp 
1967 Sa 1 

7 June  Temp 
1967 Sa 1 

27 June  Temp 
1967 Sa 1 

13  J u l  Temp 
1967 Sa 1 

3 1  J u l  Temp 
1967 Sa 1 

23 Aug Temp 
1967 Sa 1 

30 Aug Temp 
1967 Sa 1 

20 Sep t  Temp 
1967 Sa 1 

3 O c t  Temp 
1967 Sa 1 

17 Oct Temp 
1967 Sa 1 

No Data 
6.00 5 .00 

No Data 
8 .60 8.60 

No Data 
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T a b l e  2. Cont inued (9 Mar - 17 Oct .  1967) 

I S t a t i o n s :  2 7 2 8 2 9 30 3 1 3 2 3 3 34  35 3 6 3 7 38  3 9 

9 Mar Temp 13.64 13.64 
1967 S a l  12.01 12.01 

22 Mar Temp 13.50 14.20 
1967 S a l  12.00 11.00 

11 Apr Temp -- - - 
1967 11.60 11.20 

9 May Temp No Data  
1967 S a l  13.70 13.50 

7 June  Temp No Data  
1967 S a l  N o D a t a  

27 June  Temp No Data  
1967 S a l  - - 

P 
14.00 

In 

1 3  J u l  Temp No Data  
1967 S a l  No Data  

3 1  J u l  Temp No Data  
1967 S a l  15 ,40  14.80 

23 Aug Temp 29.13 28.83 29.31 
1967 S a l  10.46 10.04 10.02 

3 0 A u g  Temp 28.38 27.43 28.21 
1967 S a l  3 .18 - - 3.35 

20 S e p t  Temp 25.73 26.10 25.77 
1967 S a l  5.44 5.67 5 .68 

30  Oct Temp 23.70 23.30 22.97 
1967 S a l  9.61 9.45 9.06 

1 6 O c t  Temp 21.29 22.12 22.88 
1967 S a l  10.55 10.50 10.28 



T a b l e  2. Continued (30 0s.E. 1967 - 26 Feb. 1968) 

S t a t i o n s :  1 2 3 4 5 6 7 8 9 10 11 12 I 3  - 

30  Oct  
1967 

1 4  Nov 
1967 

28 Nov 
1967 

19  Dec 
1967 

8 J a n  
1968 

29 J a n  
1968 

1 3  Feb 
1968 

26 Peb 
1968 

Temp 
S a l  

Temp 
Sa 1 

Temp 
Sa 1 

Temp 
Sa 1 

Temp 
Sa 1 

Temp 
Sa 1 

Temp 
S a l  

Temp 
Sa 1 



T a b l e  2. Cont inued (30 O c t .  1967 - 26 Feb. 1968) 

S t a t i o n s :  1 4  15 16 17 18 19 20 2 1 2 2 23 24 25 26 

.?o Oct  ,Temp 15.80 15.34 15.97 15.93 16.22 16.04 15.57 16.82 16.61 16.37 16.10 15.65 15.79 
1967 S a l  10.94 11.52 11.70 11.60 11.50 11.20 12.42 12.23 12.28 12.00 11.37 12.00 11.84 

1 4 N o v  Temp 11.89 12.14 12.02 12.10 12.18 12.06 13,52 12.92 1 2 - 7 1  12.43 12.51 12.01 12.07 
1967 S a l  10.00 10.91 11.70 11.66 12.09 12.24 12.80 12.24 12.08 11.36 11,18 11.29 11.10 

28 Nov Temp 10.70 11.01 10.62 10.57 10.61 10.68 10.89 10.79 10.76 10.91 10.84 10.78 10.20 
1967 S a l  12.57 13.13 13.74 14.24 14.41 14.30 14.27 15.00 10.92 13.93 13.66 13.38 13.04 

1 9  Dec Temp 9.16 9.48 8.95 9.24 9.45 9.69 9.95 9.80 9.89 9.66 9 , 8 1  9.43 9.80 
1967 S a l  8 .00  8 .00  8.00 9.00 9.00 11.00 10.40 9.70 9.15 8 , 7 8  9 .01 9.00 9.00 

8 J a n  Temp 4.20 2.80 2.80 3.80 3.50 4 .20  3.80 4 .10 4.10 8.80 8 .50 3.50 3.28 
1968 S a l  6.50 8.50 8.60 9.30 9.30 10.00 10.30 10.10 9.80 3.50 3 .50 9.39 8 , 6 2  

2 9 J a n  Temp 5.42 6 .43  4.93 5.63 6.77 6 .98 5 .24 4.56 4 .74 4.56 4.52 6.10 5.91 
r 1968 
00 

S a l  1.90 3 .42 4.05 1.94 2.36 4 . 9 9  3.20 2.18 2.00 1.90 2.76 3.22 4 .11 

1 3  Feb Temp 3.50 3.44 3.68 3.70 3.68 3.94 3.23 3.56 3 .70 3.28 3.42 3.20 3.18 
1968 S a l  8 .56 9.21 9.18 9.68 10.00 10.24 11.08 11.20 11,09 9.70 9 , 6 0  8.88 9.00 

26 Feb Temp 2.58 2.62 2 .80 3.06 3 .09  2.88 3.20 2.88 2.90 2.88 3.95 3.94 3.53 
1968 S a l  10.00 9.20 9.78 10.86 11.44 11.62 11.90 11.80 11.76 11.40 10.78 10.65 10.24 



T a b l e  2.  Cont inued (30 Oct.  1967 - 76 Feb,  1968) 

S t a t i o n s :  27 2 8 2 9 30 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 

30  Oct .  Temp 
1967 S a l  

1 4  Nov. Temp 
1967 S a l  

28 Nov Temp 
1967 Sa 1 

19 D e c  Temp 
1967 S a l  

8 J a n  Temp 2.80 
1968 Sa 1 7.80 

F 
29 J a n  Temp 5.38 
1968 S a l  4 .00  

13 Feb Temp 3 . 4 1  
1968 Sa 1 8 .24  

26 Feb Temp 4 .03  
1968 S a l  9.82 



SALINITY (%,) 



PAMLICO RIVER 

SALINITY (%o) 

M A Y  9, 1967 

PAMLICO RIVER 

SALINITY (%o) 

JUNE 7, 1967 

PAMLICO RIVER 

SALINITY (%o) 

JUNE 27, 1967 

F i g u r e  8.  S u r f a c e  p r o f i l e s  ( i n  pp t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  
9  May, 7  J u n e ,  and 27 J u n e  1967. 

2 1 



PAMLICO RIVER 

SALINITY (%,) 

JULY 13, 1967 

F i g u r e  9 .  S u r f a c e  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  
13 J u l y ,  31 J u l y ,  and 23 August 1967 .  



I f  t h e  s a l i n i t y  maps f o r  J u l y  13 and J u l y  3 1  a r e  c a r e f u l l y  compared 

( F i g . 9 ) ,  i t  i s  obvious  t h a t  wind from t h e  NW would have produced t h e  d i s t r i b u t i o n  

on t h e  l a t t e r  d a t e .  When F i g u r e  2  i s  examined, it i s  no ted  t h a t  on J u l y  14 t h e r e  

was a  s t r o n g  wind (260 m i l e s )  from t h e  WNW. U n f o r t u n a t e l y ,  t h i s  e x p l a n a t i o n  does  

n o t  ho ld  f o r  a l l  of  t h e  changes s e e n  because  a  ve ry  s i m i l a r  change t h a t  occur red  

between October 30,  1967, and November 14 (F ig .  11) cannot  be accounted f o r  by 

any h i g h  winds d u r i n g  t h a t  p e r i o d  (F ig .  2 ) .  T h i s  t y p e  o f  s a l i n i t y  d i s t r i b u t i o n  

w i t h  low s a l i n i t i e s  a l o n g  t h e  s o u t h  s h o r e ,  would t e n d  t o  develop i n  any c a s e  due 

t o  t h e  C o r i o l i s  Force  which a f f e c t s  a l l  e s t u a r i e s  on t h e  e a s t e r n  c o a s t  o f  t h e  

U .  S.  s o  t h a t  h i g h e r  s a l i n i t i e s  a r e  always found on t h e  r i g h t  s i d e  ( f a c i n g  t h e  

s e a ( l 6 ) ) .  

The t o t a l  changes o f  s a l i n i t y  a r e  p r i m a r i l y  due t o  t h e  incoming f r e s h w a t e r  

w i t h  minor changes superimposed upon t h i s .  Thus ,  t h e r e  was low f low ( F i g .  1 )  

i n t o  t h e  e s t u a r y  from March through June  1967 and r e l a t i v e l y  h i g h  s a l i n i t i e s  

were found ( F i g s .  7 , 8 ) .  The f i r s t  lower s a l i n i t i e s  appeared a f t e r  t h e  h i g h  

r i v e r  f low of mid-August ( s e e  Durham Creek,  mid-August 1967 ( F i g .  1 )  and 

August 23,  1967 (F ig .  9 ) ) .  Th i s  low s a l i n i t y  was e s p e c i a l l y  a p p a r e n t  on Aug- 

u s t  30 ( F i g .  9 and s e e  T a r  R i v e r ,  August 1967 ( F i g .  1 ) ) .  The n e x t  few months 

had l o w  river f low and t h e  s a l i n i t y  i n c r e a s e d  (F igs .  1 1 , 1 2 ) .  F i n a l l y ,  t h e  h i g h  

r u n o f f  of January  1968 ( F i g .  1) f l u s h e d  o u t  t h e  r i v e r ,  g i v i n g  t h e  extreme lower 

s a l i n i t y  c o n d i t i o n  o f  January  29 ( F i g .  1 3 ) .  

There  a l s o  a p p e a r s  throughout  t h i s  1967-68 d a t a  a  d i s t i n c t  t r e n d  f o r  h i g h e r  

s a l i n i t i e s  a l o n g  t h e  n o r t h  s h o r e  of t h e  r i v e r .  T h i s  c o u l d  be  p a r t l y  due t o  

C o r i o l i s  E f f e c t ,  and t o  t h e  f r e q u e n t  winds from t h e  NW. 

From t h e  above d i s c u s s i o n ,  i t  can  be  s e e n  t h a t  t h e r e  a r e  t h r e e  f o r c e s  

(and t h e i r  i n t e r a c t i o n s )  t h a t  a f f e c t  t h e  d i s t r i b u t i o n  of s a l i n i t y  i n  t h i s  e s t u a r y ;  

t h e  f r e s h w a t e r  i n f l o w ,  t h e  wind,  and t h e  C o r i o l i s  Force .  The e s t u a r y  a p p e a r s  



PAMLICO RIVER 

SALINITY (%,) 

SEPT. 20, 1967 

F i g u r e  10 .  S u r f a c e  p r o f i l e s  ( i n  pp t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  
30 Augus t ,  20 September,  and 3 October  1967.  

2 4 



PAMLICO RIVER 

SALINITY (%o) 

OCT. 30, 1967 

F i g u r e  11. S u r f a c e  p r o f i l e s  ( i n  pp t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  
1 7  Oc tober ,  30 Oc tober ,  and 14 November 1967. 

2 5 



PAMLICO RIVER 

SALINITY (%,) 

NOV. 28, 1967 

PAMLICO RIVER 

SALINITY (%.) 

DEC. 19, 1967 

TGS 

PAMLICO RIVER 

SALINITY (%:,,) 

JAN. 8, 1968 

F i g u r e  12.  S u r f a c e  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  28 
November, 19 December 1967 and 9  J a n u a r y  1968. 

2  6  



PAMLICO RIVER 

SALINITY (%,,) 

FEE. 26, 1968 

Figu re  13. Surface p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico River  Es tuary  f o r  29 
January ,  13 February,  and 26  February 1968. 

27 



broad enough t h a t  t h e  C o r i o l i s  Force  i s  n o t i c e a b l e ,  and t h e  wind can a f f e c t  t h e  

h o r i z o n t a l  s a l i n i t y  p a t t e r n s  markedly.  However, t h e  i n f l o w  of  f r e s h w a t e r  i s  by 

f a r  t h e  dominant f o r c e .  Normally, t h e  f r e s h w a t e r  would t end  t o  f low more a l o n g  

t h e  s o u t h  s h o r e  t h a n  a l o n g  t h e  n o r t h  a s  was a l s o  found by a  f l u o r e s c e n t  dye s t u d y  

(17) and by o b s e r v a t i o n s  of t h e  phosphate  c o n c e n t r a t i o n s  i n  t h e  r i v e r  (4) .  I n  t h e  

l a s t  mentioned c a s e ,  s l u g s  of h i g h  phosphate  w a t e r  e n t e r i n g  t h e  r i v e r  a t  t h e  Texas 

Gulf S u l f u r  P l a n t  a r e  always moved downstream a l o n g  t h e  s o u t h  s h o r e .  

Both s u r f a c e  s a l i n i t i e s  and amount of s t r a t i f i c a t i o n  a r e  g iven  i n  F i g s ,  14 

through 19 and Tab le  3.  I n  t h e s e  maps (2.g.,  J u l y  16 i n  F i g .  14) t h e  s u r f a c e  

and bottom s a l i n i t i e s  a r e  g i v e n  i n  t h e  b a r  graph above o r  below t h e  map. The 

numbers above t h e  b a r  g raphs  r e f e r  t o  s t a t i o n  numbers ( 4 ) ,  b u t  t h e s e  a r e  always 

t h e  s t a t i o n s  i n  t h e  middle  of t h e  e s t u a r y  

A t  t h e  s t a r t  o f  t h i s  s e t  o f  d a t a  (F ig .  14 ,15 ,16  and l a ) ,  t h e r e  was an  ex tend-  

ed p e r i o d  of low r u n o f f  w i t h  accompanying h i g h e r  s a l i n i t i e s .  Very h i g h  s a l i n i t i e s  

were measured on 11 October  1968 ( F i g .  16) and t h e  complete  and unusua l  l a c k  of 

any measurable  d i f f e r e n c e s  between t h e  top  and bottom s a l i n i t i e s  i n d i c a t e  s t r o n g  

mixing.  The s a l i n i t y  of 21.5 pp t  noted on t h i s  d a t e  (Table  3) i s  e x c e p t i o n a l l y  

h i g h .  

Moderate t o  h i g h  s a l i n i t i e s  con t inued  i n  t h e  r i v e r  u n t i l  sometime i n  March 

1969 (F ig .  1 8 ,  T a b l e s  4 , 5 ) ,  a f t e r  which t ime t h e r e  a p p e a r s  t o  b e  q u i t e  a  l o t  of 

f r e s h w a t e r  e n t e r i n g  t h e  e s t u a r y  ( F i g s .  1 8 , 1 9 ) ,  

Temperature  

Compared w i t h  t h e  g r e a t  s a l i n i t y  ehanges ,  t h e  t empera tu re  ehanges were s l i g h t  

th roughout  t h e  e s t u a r y  (Tab les  2  and 3 ) .  An a p p a r e n t  e x c e p t i o n  i s  t h e  22  March 

1967 d a t a  ( F i g .  20), b u t  t h e r e  i s  some e v i d e n c e  o f  a  m a l f u n c t i o n i n g  i n s t r u m e n t  

h e r e  ( t h e  i n s t r u m e n t  r e q u i r e d  r e p a i r  soon a f t e r  t h i s  d.a%e). The 9 March d a t a  

i n d i c a t e  t h a t  t h e  r i v e r  was warmer t h a n  t h e  e s t u a r y  and t h i s  a p p e a r s  t o  b e  a r e -  



PAMLICO RIVER 

SALINITY (%.) 

JUNE 29, 1968 

PAMLICO RIVER 

SALINITY (%o) 

JULY 16, 1968 

\ 

\ 

F i g u r e  14. Sur face  p r o f i l e s  ( i n  p e t )  i n  t h e  Pamlico River  Es tua ry  f o r  29 
June, 16 J u l y ,  and 6 August 1968. The b a r  graphs immediately 
above o r  below t h e  map i n d i c a t e  t h e  s a l i n i t y  (ppt)  a t  t h e  s u r f a c e  
(S) and bottom (B) f o r  t h e  s t a t i o n s  i n  t h e  middle of t h e  e s t u a r y .  
Numbers above t h e  graphs a r e  H s e r i e s  s t a t i o n s .  



PAMLICO RIVER 

SALINITY (%,) 

SEPT. 6, 1968 

\ 

Figure 15. Surface profiles (in ppt) in the Pamlico River Estuary for 23 
August, 6 September, and 30 September 1968. 

3 0 



F i g u r e  16. S u r f a c e  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico  R i v e r  E s t u a r y  f o r  11 
O c t o b e r ,  2 1  November, and 13 December 1968.  

3 1 



F i g u r e  17.  Surface  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  6  
J a n u a r y ,  6  F e b r u a r y ,  and 26 February  1969. 

3 2 



F i g u r e  18. S u r f a c e  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y  
f o r  1 A p r i l ,  15 A p r i l ,  and 2 May 1968. 

3 3 



F i g u r e  19.  Surface p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  
3 J u n e ,  19 J u n e ,  and 4 J u l y  1969. 

3 4 





Table  3.' Continued (29 June 1968 - 21 Nov. 1968). 

S t a t i o n s :  H5 H6N H6 H6 S H7 N H7 H7 S H8N H8 H8 S 

29 June 1968 
No Data on 

No D a t a  on 

16 Ju1.1968 
No Data on 

No Data on 

6 Aug. 1968 

No Data on 

T S 28.10 28.90 28.70 28.60 29.00 29.00 28.90 28.60 28.50 28.80 
T B 
SAL S 9.70 8.70 8.55 8.00 6.70 7.00 7.10 6,20 6.20 5.80 
SAL B 

T S 31.00 31.00 31.00 31.00 31.50 32.50 32.50 32.50 32.20 33.00 
T B - - - - 31.00 - - - - 30.00 - - - - - - - - 
SAL S 10.00 11.30 9.20 8.40 8.90 8.60 7.52 9.65 6.90 6.20 
SAL B 

23 Aug-1968 T S 30.30 32.00 31.50 32,OO 32.00 31-00 33.00 32.50 32.50 32.00 
T B 31.00 - - 30.00 - - - 29.00 - - - - 29-00 - - 

W 
m SAL S 13.00 12.00 12.00 12.00 12.00 11.20 11,20 10.80 10.50 10.80 

SAL B 12.50 - - 16.50 - - - - 15.20 - - - - 11.20 - - 

6 Sept.1968 T S 26.00 26.00 26.50 27.00 - - - - - - - - - - - - 
T B - - - - 26.00 - - - - - - - - - - - - - - 
SAL S 13.80 12.00 12.00 12.00 - - - - - - - - - - - - 

No Data on SAL B 

30Sep t .1968  T S 
T B 
SAL S 
SAL B 

11Os t .1968  T S 
T B 
SAL S 
SAL B 

21 Nov.1968 T S 
T B 
SAL S 
SAL B 



T a b l e  3 .  Cont inued (29 June  1968 - 2 1  Nov, 1968) 

S t a t i o n s :  H 9 HI0 H I 1  H12 H13 H14 H15 HI6 - H17 

29 J u n e  1968 
No Data on  

No Data  on 

1 6  Ju1.1968 
No Data  on 

No Data  on 

6 Aug.1968 

No Data  on 

6 Sep t .1968  
No Data  On 

No Data on  

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 

T S 
T B 
SAL S 
SAL B 



T a b l e  4 .  D i s s o l v e d  Oxygen (ml/1) ,  Temperature (C) and S a l i n i t y  ( p p t ) ;  a t  t h e  s u r f a c e  (S) and bot tom (B) sf the 
Paml i so  R i v e r  E s t u a r y .  1 3  Dec. 1968 - 1 5  Apr.  1969. 

S t a t i o n s :  H l  H2N N2 H2 S H3N H 3 H 3  S H4N H4 H 4  S  

6  J a n .  1969 

No Data  on 
No Data  on 
6  Feb.  1969 

1 A p r .  1969 

T S 5 .50  
T B 5.00 
SAL S 14.50 
SAL B  14.20 
DO S 7.88 
DO B  7.56 

T S 3.20 
T B 3 .20  
SAL S 16.00 
SAL B  16.50 
DO S 
DO B  
T S 6 . 1 0  
T B  6.60 
SAL S 18.50 
SAL B  20.90 
DO S 7.44 
DO B  9 .11 

T S 5.50 
T B  5 .32  
SAL S 19.78 
SAL B  19.74 
DO S 6 .59 
DO B  5 .44 

T S - - 
T B  - - 
SAL S - - 
SAL B  - - 
DO S - - 
DO B - - 
T S 16.88 
T B  16 ,16  
SAL S 12.54 
SAL B 16.55 
DO S 5 .58 
DO B  4 , 7 0  



T a b l e  4. Con t inued  (13 Dec, 1968 - 15 Apr.  1969). 

S t a t i o n s :  H5 H6N H6 H6 S H7 N H7 H7 S H8N H8 B8 S 

No D a t a  on  
No D a t a  on  
6 Feb.1969 

26 Feb .  1969 

1 Apr. 1969 

15 Apr.  1969 

T S 5.00 
T B - - 
SAL S 9.20 
SAL B - - 
DO S - - 
DO B - % 

T S 3.50 
T B - - 
SAL S 10.00 
SAL B - - 
DO S 
DO B 
T S 6 .34 
T B - - 
SAL S 14.70 
SAL B - - 
DO S - - 
DO B - - 
T S 5 .74 
T B - - 
SAL S 13.82 
SAL B - -  
DO S - - 
DO B - - 
T S 12.19 
T B - - 
SAL S 10.81 
SAL B - - 
DO S - - 
DO B - - 
T S 17.39 
T B - - 
SAL S 10.28 
SAL B - - 
DO S - - 
DO B - - 



T a b l e  4 .  (Continued 1 3  Dee. 1968 - 15 Apr. 1969) 

S t a t i o n s :  H 9 HI0 H l l  H12 H13 H15 H16 H17 

6 J a n .  1969 

No Data  on 
No Data on 
6 Feb .  1969 

1 A p r .  1969 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO B 
DO S 
T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 



T a b l e  5 -  Temperature (C),  Salinity ( p p t )  and  iss solved Oxygen ( m l / l ) ;  a t  the surface (S) and bottom (B) 0% the 
Pamlico River  Estuary. 2"May 1969 - 4 July 1969. 

Sta t ions:  H 1 H2N H2 H2S H 3  N H3 H3 S H 4 N  H 4  H 4 S  

2  May 1969 

No D a t a  on 

3 June  1969 

C- 19 June  1969 
F 

4 J u l y  1969 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

T S 
T B 
SAL S 
SAL B 
DO S 
DO B 



T a b l e  5. Cont inued (2 May 1969 - 4 J u l y  1969) 

S t a t i o n s :  H5 H6N H6 H6S H7 N H7 H7 S H8 N H8 H8S - 

2 May 1969 T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

3 June 1969 T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

1 9  J u n e  1969 T S 
c T B 
N SAL S 

SAL B 
DO S 
DO B 

4 J u l y  1969 T S 
T B 
SAL S 
SAL B 
DO S 
DO B 



T a b l e  5. Cont inued (2 May 1969 - 4 J u l y  1969) 

S t a t i o n s :  H 9 HI0 H 1 1  H12 H13 H14 H15 H16 H17 

2 May 1969 T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

3 J u n e 1 9 6 9  T S 
T B 
SAL S 
SAL B 
DO S 
DO B 

1 9  J u n e  1969 T S 

.P 
T B 

w SAL S 
SAL B 
DO S 
DO B 

4 J u l y  1969 T S 
T B 
SAL S 
SAL B 
DO S 
DO B 



PAMLICO RIVER t r  t 

TEMPERATURE (Co) 

MAR. 22, 1967 /' 

F i g u r e  20. S u r f a c e  t e m p e r a t u r e s  (C)  i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  9 March, 
22 March, and 7 June  1967. 



o c c u r r i n g  s p r i n g  p a t t e r n .  I n  t h e  f a l l  t h e r e  i s  a  r e v e r s a l  of t h i s  s i t u a t i o n  a s  

t h e  sound w a t e r s  c o o l  s lower  t h a n  t h e  r i v e r  w a t e r s  and a r e  t h e r e f o r e  warmer, 

The maximum tempera tu re  of 1967 (31. ~ O C ,  8 8 . 2 ' ~ )  was recorded  on 23 August 

(F ig .  2 1 ) ,  b u t  t h e  lowes t  t empera tu re  recorded  on t h a t  same d a t e  was 24,56 ( 3 6 . 1 ° ~ ) ,  

Both o f  t h e s e  extremes were a l o n g  t h e  s h o r e .  T h i s  i l l u s t r a t e s  j u s t  how d i f f i c u l t  

it i s  t o  de te rmine  t h e  a v e r a g e  t empera tu re  of t h i s  e s t u a r y .  Fo l lowing  t h i s  d a t e ,  

t h e  e s t u a r y  began t o  coo1 and t h e  warmer wa te r  of t h e  sound occasionally i n t r u d e d  

(20 September,  F i g .  2 2 ) ,  Th i s  same p a t t e r n  was no ted  a l l  f a l l  ( F i g s .  23 and 2 4 ) -  

Another example of t h e  v a r i a b i l i t y  t o  be found on a  s i n g l e  day i s  t h e  4 d e g r e e  

range  (C o r  7 ' ~ )  s e e n  on 8  January  1968 (Fig .  24) .  It i s  ex t remely  d i f f i c u l t  

t o  e x p l a i n  t h e s e  d a t a  w i t h o u t  t a k i n g  samples e v e r y  day .  F i n a l l y  t h e  e n t i r e  e s t u a r y  

was v i r t u a l l y  i s o t h e r m a l  a t  3 . 5  t o  3 . ! C  (38 0 3 t o  38 7 ' ~ )  on 13 February  ( F i g .  25) 

The summerof 1968 was q u i t e  warm and s u r f a c e  t empera tu res  reached 34.0C on 

6  August (F ig .  2 6 ) .  A t empera tu re  of 36.OC ( 9 6 . 8 ' ~ )  was found a t  t h e  bot tom a t  

S t a t i o n  H4 on 23 August (Table  3 ) .  There  was s t a t i f i c a t i o n  o f  t h e  s a l i n i t y  a t  

t h i s  s t a t i o n  a l s o ,  and s o  t h i s  i s  l i k e l y  a  pocket  o f  warm, s a l i n e  w a t e r  t h a t  i s  

h e a t e d  by t h e  s u n l i g h t ,  Th i s  resembles  t h e  greenhouse e f f e c t  of a tmospher ic  

h e a t i n g  and h a s  been found i n  many a q u a t i c  s i t u a t i o n s .  

The f a l l  c o o l i n g  was u n e v e n t f u l  ( F i g s ,  27 and 28) and t h e  whole e s t u a r y  

cooled a t  abou t  t h e  same r a t e .  Minimum tempera tu res  were reached  i n  January  

(F ig .  29) ,  fo l lowed by a r a p i d  r i s e  i n  t empera tu re  d u r i n g  F e b r u a r y ,  

The s p r i n g  warming was a  good example of t h e  l a g  i n  t h e  sound, a s  i n d i c a t e d  

by t h e  i n t r u s i o n  o f  c o o l e r  w a t e r  on 15 A p r i l  ( F i g .  30) ;  t h e  sound was a t  13C 

( 5 5 ' ~ )  and t h e  r i v e r  a t  16 o r  17 C (61 o r  63OF), Temperatures  above 31C (88%') 

were measured i n  t h e  r i v e r  on 4 J u l y  ( F i g . 3 1 ) .  

Disso lved  Oxygen 

The d i s s o l v e d  oxygen c o n c e n t r a t i o n  i s  dependent  on t h e  wa te r  t empera tu re  



PAMLICO RIVER 

TEMPERATURE (Co) 

JUNE 27, 1967 

PAMLICO RIVER 

TEMPERATURE (Co) 

AUG. 23, 1967 

Figure 21. Surface temperatures (C) in the Pamlico'River Estuary for 27 
June, 13 July, and 23 August 1967. 
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P A M L I C O  RIVER 

TEMPERATURE ( C o )  

SEPT. 20, 1967 

F i g u r e  22 .  S u r f a c e  t e m p e r a t u r e s  "(C) i n  t h e  Pamlico R i v e r  E s t u a r y  f o r  30 
August ,  20 September ,  and 3 October  1 9 6 7 .  
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PAMLlCO RIVER 
X 

TEMPERATURE (C") x 

NOV. 14, 1967 f 

F i g u r e  23 .  S u r f a c e  t e m p e r a t u r e s  . (C)  in t h e  Pamlico R i v e r  E s t u a r y  f o r  1 7  O c t o b e r ,  
30 O c t o b e r ,  and 14 Novembcr 1967.  

48 



PAMLICO RlVW 

TEMPERATURE (CO) 

NOV. 28, 1967 

PAMLICO RIVER 

TEMPERATURE ( C O )  

DEC. 19, 1967 

Figure 24 ,  Surface temperatures (C) in the Pamlleo River Estuary i ~ r  28 Novcv- 
ber, 19 December 1967 and 9 January 1968. 
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PAMLICO RIVER a x  + 

TEMPERATURE (CO) 

FEB. 13, 1968 '---* 

- 
PAMLICO RIVER 

TEMPERATURE (CO) 
r 

FEB. 26, 1968 

F i g u r e  25.  S u r f a c e  t empera tu res  (C) i n  the Pamlico R i v e r  E s t u a r y  f o r  29 J a n u a r y ,  
13 F e b r u a r y ,  and 26 February  1968. 

5 0 



PAMLICO RIVER 

JUNE 29, 1968 TGS 

PAMLICO RIVER 

TEMPERATURE ( C O )  

AUG. 6, 1968 

F i g u r e  26 .  S u r f a c e  t e m p e r a t u r e  (C) i n  t h e  P a m l i c o  R i v e r  E s t d a r y  f o r  29 J u n e ,  
1 6  J u l y ,  and 6 August  1968.  

5 1 



PAMLICO RIVER 

AUG. '23, 1968 TGS A ' 
Z?? x 

PAMLICO RIVER 

TEMPERATURE (CO) 

AUG. '23, 1968 A- 

+- 

PAMLICO RIVER 

TEMPERATURE (CO) 

SEPT. 6, 1968 TGS 

PAMLICO RIVER 

TEMPERATURE (CO) 

SEPT. 30, 1968 TGS 

Figure 27. Surface temperatures (C) in the Pamlico River Estuary for 23 August, 
6 September, and 30 September 1968. 
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PAMLICO RIVER 

OCT. 11, 1968 TGS 

21 - 

PAMLICO RIVER 

TEMPERATURE (CO) 

NOV. 21, 1968 

PAMLICO RIVER 

DEC. 13, 1968 

Figure 28. Surface temperatures (C) , i n  the Pamlico River Estuary for 11 October, 
21 November, and 13 December 1968, 
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PAMLDCO RIVER 

TEMPERATURE ( C O )  

JAN. 6, 1969 

P A M L l C O  RIVER 

TEMPERATURE ( C O )  

FEB. 6, 1969 
Y 

P A M L l C O  RIVER 

TEMPERATURE ( C O I  . . 

FEB. 26, 1969 TGS"  

F i g u r e  29. Su r f ace  t empera tures  (C) i n  t h e  Pamlico River  Es tua ry  f o r  6  J anua ry ,  
6  February ,  and 26 February 1969. 
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+la. PAMLICO RIVER 

TEMPERATURE (Co) 16- 
APR. 15, 1969 TGS 

PAMLICO RIVER 

TEMPERATURE (CO) 

M A Y  2,1969 

F i g u r e  30. S u r f a c e  t e m p e r a t u r e s  (C) i n  the P a m l i c o  R i v e r  E s t u a r y  f o r  1 A p r i l ,  
15 A p r i l ,  and  2 May 1969.  

5 5 



JUNE 3, 1969 TGS \ 

PAMLICO RIVER 

JUNE 19, 1969 

.+- +- 

F i g u r e  31. S u r f a c e  t e m p e r a t u r e s  (C) i n  t h e  Parnlico R i v e r  E s t u a r y  f o r  2 J u n e ,  
19 J u n e ,  and 4 J u l y  1969. 

5 6 



( c o l d  w a t e r  h o l d s  more oxygen t h a n  warm) and t h e  b i o l o g i c a l  a c t i v i t y .  P h o t o s y n t h e s i s  

w i l l  produce oxygen, w h i l e  r e s p i r a t i o n  ( o r  breakdown p r o c e s s e s )  w i l l  remove oxygen 

from t h e  w a t e r .  The c o n c e n t r a t i o n s  found i n  t h e  e s t u a r y  a r e ,  t h e r e f o r e ,  a  b a l a n c e  

beltween t h e  p r o c e s s  o f  e q u i l i b r i u m  of  oxygen w i t h  t h e  a i r ,  t h e  p h o t o s y n t h e s i s  

and t h e  r e s p i r a t i o n .  Data f o r  13 December 1968 th rough  4 J u l y  1969 a r e  g i v e n  i n  

T a b l e s  4  and 5 and F i g s .  32 through 37.  

For  t h e  w i n t e r  months,  t h e  s u r f a c e  w a t e r s  a r e  c l o s e  t o  oxygen s a t u r a t i o n  

and sometimes even s u p e r s a t u r a t e d  (Table  6 ) .  For  example, on 13 December (F ig .32)  

when t h e  b i o l o g i c a l  a c t i v i t y  was low, t h e  p h y s i c a l  c o n d i t i o n s  determined t h e  oxygen 

c o n c e n t r a t i o n s ( c l o s e  t o  100% s a t u r a t i o n ) .  The one e x c e p t i o n  was a t  S t a t i o n  H8 

where t h e r e  was p robab ly  a  h i g h  r a t e  o f  p h o t o s y n t h e s i s .  T h i s  h i g h  oxygen con- 

c e n t r a t i o n  j u s t  ups t ream from Texas Gulf S u l f u r  Company o u t f a l l  i s  r a t h e r  a  common 

f e a t u r e  of t h e  r i v e r ,  a l t h o u g h  t h i s  h i g h  v a l u e  (127%) was s l i g h t l y  downstream from 

TGS on 26 February .  It i s  a l s o  obvious  t h a t ,  a l t h o u g h  t h e  a b s o l u t e  q u a n t i t y  of 

oxygen i n  t h e  w a t e r  d e c r e a s e d  due t o  t h e  warm w a t e r  t empera tu re  (compare 13 Dec- 

ember w i t h  26 February  and 1 A p r i l ) ,  t h e  oxygen c o n t e n t  was s t i l l  c l o s e  t o  s a t u r a -  

t i o n .  

The same g e n e r a l  p a t t e r n  f o r  s u r f a c e  d i s s o l v e d  oxygen c o n t i n u e d  i n t o  May, 

June  and J u l y  ( F i g s .  33 and 34) w i t h  h i g h  c o n c e n t r a t i o n s ,  u s u a l l y  w e l l  above 

s a t u r a t i o n ,  p r e s e n t  i n  t h e  middle  of t h e  r i v e r .  Another  t r e n d  is  f o r  lower 

c o n c e n t r a t i o n s  a t  t h e  two s t a t i o n s  c l o s e s t  t o  t h e  i n f l o w i n g  Tar  R i v e r .  T h i s  shows 

up on 6  F e b r u a r y ,  1 A p r i l  and e s p e c i a l l y  on 19 June  when t h e  p e r c e n t a g e  of s a t u r a -  

t i o n  dropped t o  48% (Tab le  6 ) .  It i s  l i k e l y  t h a t  t h i s  i s  caused by sewage from 

c i t i e s  u p r i v e r ,  e s p e c i a l l y  Washington,  N. C. 

Another problem t h a t  a r i s e s  w i t h  oxygen d a t a  i s  t h a t  t h e r e  i s  l i k e l y  t o  be 

a  s t r o n g  d a i l y  v a r i a t i o n  of oxygen c o n c e n t r a t i o n  i n  t h e  r i v e r .  During t imes  of 

h i g h  pr imary p r o d u c t i v i t y  ( p h o t o s y n t h e s i s ) ,  t h e r e  could  be  a  f l u c t u a t i o n  of more 



PAMLICO RIVER 

TOP D.O. 

DEC. 13, 1968 

788 

PAMLICO RIVER 

TOP D.O. TGS 
FEE. 26, 1969 740 

7 53 

Figure 32. Dissolved oxygen concentrations (ml/liter) in the surface water of 
the Parnlieo River Estuary on 13 December 1968, 6 February and 26 
February 1969. 
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PAMLICO RIVER 

TOP D.O. 

APR. 1, 1969 598 
COG 

PAMLICO RIVER 

TOP D.O. 

APR. 15, 1969 &G Cs 603 

PAMLICO RIVER 

TOP D.O. 

MAY 2, 1969 

Fign:e 3 3 ,  Dissolved oxygen concen t r a t i ons  (ml/liter) i n  t h e  s u r f a c e  water  o f  
t h e  Pamlico River  Es tuary  on 1 A p r i l ,  15 A p r i l  and 2 May 1969.  

5 9 



PAMblCO RIVER 

TOP D.O. 
5 31 

JUNE 3, 1969 Q 

PAMLICO RIVER 5 32 
4. & 

TOP D.O. 

JUNE 19, 1969 I-%- - 

PAMLICO RIVER 

TOP D.O. 

JULY 4, 1969 6 36 

6 12 

Figure 34. Dissolved oxygen concentrations (mllliter) in the surface water of 
the Pamlico River Estuary on 3 June, 19 June and 4 July 1969. 
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PAMLICO RIVER 

BOTTOM D.O. 

DEC. 13, 1968 
5 28 

767 

756 

PAMLICO RIVER 8.06 

BOTTOM D.O. 

FEB. 26, 1969 

Figure 35. Dissolved oxygen concentrations (mllliter) in the bottom water of 
the Pamlico River Estuary on 13 December 1968, 6 February, and 26 
February 1969. 
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PAMLICO RIVER 

BOTTOM D.O. 

APR. 1, 1969 

PAMLICO RIVER ] 5.85 

BOTTOM 0 'A" >,::" 
APR. 15, 1969 

C, 6-Q 6 3n 

PAMLICO RIVER 

BOTTOM D.O. TGS 
MAY 2, 1969 

Figure 36, Dissolved oxygen concentrations (ml/liter) in the bottom water of 
t h e  Pamlico River Estuary on 1 April, 15 April, and 2 May 1969. 
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PAMLICO RIVER 4 18 

BOTTOM D.O. 

JUNE 3, 1969 5.54 

PAMLICO RIVER 

BOTTOM D.O. 

JULY 4, 1969 

Figure 37. Dissolved oxygen concentrations (mllliter) in the.bottom water of 
the Pamlieo River Estuary on 3 June, 19 June, and 4 July 1969. 
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Table 6.  Percent  S a t u r a t i o n  of Dissolved Oxygeq a t  t h e  su r face  (S)  and bottom (B) of t h e  Pamlico River Estuary 
13 December 1968 - 4 J u l y  1969. 

S t a t i o n :  H1 H 2  H 3  H4 H6 HJ H8 HI0 H13 --- ---- R15 

1 3  Dec. 
1968 

6 Jan.  
1968 

6 Feb. 
1969 

26 Feb. 
1969 

1 Apr. 
1969 

15 Apr. 
1969 

m 
C- 

2  May 
1969 

3 June 
1969 

19 June 
1969 

4 J u l .  
1969 

100 9 6 
95 9 8 

No Data 
No Data 

9 8 7 8 
9 5 80 

86 93 
7 1 100 

- - 9 1 - - 106 

9 1 8 5 
7 7 7 6 

101 96 - - - - 

97 9 3 
105 9 1 

101 99 
9 8 9 5 

124 103 
6 0 23 














